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INTRODUCTION

hen I was a kid in the 1990s, the world often felt like it was
on the verge of catastrophe. At my California public school,
to offset drought, teachers taught us to conserve water while
brushing our teeth. I saw news stories about environmental
crises such as burning rainforests and acid rain. None of these issues loomed
as large in my imagination, though, as the idea that the world is in the midst
of a “Sixth Extinction.” In the early 1990s, Richard Leakey, the famous Ken-
yan paleoanthropologist, used this term to describe the phenomenon of
disappearing species; and it gained wide acceptance in the public domain,
giving gravitas and urgency to media reports and conservation campaigns.
When I was in middle school, I heard predictions like those made by the
British environmentalist Norman Myers, who estimated that 50 percent of
all species at that time would go extinct in the twenty-first century. Harvard
biologist Edward O. Wilson estimated as many as 27,000 species were going
extinct every year. Trying to understand these numbers is bewildering for
anyone, As a kid, the idea that every hour three species disappeared was
incomprehensible. I didn’t understand how there could be so many species
on earth that we could lose so many. But I internalized these statistics, and
developed a concern for the fate of species rooted in two beliefs: extinction
is bad, and saving species from extinction is good.
Then a few years ago, I found myself in the back of the Bronx Zoo's
Reptile House peering through a little pane of glass into a room full of ter-

rariums. Through the condensation on their walls, I barely made out dozens
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of blurry, yellow frogs climbing over green moss. I wanted to get a closer
look but the room was off-limits: the only people allowed inside were the
herpetologists responsible for the frogs’ care, and even they had to disin-
fect the bottom of their shoes with bleach. The frogs inside this bio-secure
room were incredibly rare, one of two populations left in the world, both in
captivity. The waterfall where they had come from in the Tanzanian rain-
forest was now the site of a hydroelectric dam, and the species was confined
to these terrariums, painstakingly kept hydrated with an artificial misting
system and fed specially bred insects. It was like peering into a hospital ward
at a patient on life support.

The great lengths that had been taken to save the frogs from extinc-
tion intrigued me, and a year later I was in Tanzania interviewing some of
the central characters of the Kihansi spray toad story. I expected to learn
a lot about conservation biology. Instead I found myself on a crash course
in national politics, development economics, racial privilege, bureaucratic
subterfuge, and environmental ethics. I realized that my belief that con-
servation is self-evidently good was actually a social and cultural bias. By
the time I made it into the country’s remote forest where the frogs once
thrived, | was having thoughts that would have previously struck me as
unenlightened: maybe they should have just let those toads disappear.
Staring at their former habitat, a mere two hectares of wetlands, the spe-
cies struck me as a kind of evolutionary whimsy, extraordinary for its per-
fect adaption to a waterfall and beautiful for its incredible rarity. But now
they were confined to a little bathysphere suspended in a world aflood in
disaster. Was that better than extinction? I couldn’t say for sure. The mil-
lions of dollars that had been spent on their conservation seemed almost
cruel in the context of the immense poverty of rural East Africa. Saving
species, it turned out, was not a simple thing with bad guys and heroes and
tidy endings.

In the years following my reporting in Tanzania, I began looking at
other cases of threatened species and the efforts to protect them. Tragically,
there are thousands of species to choose from, each conservation effort as

scientifically fascinating and ethically complex as the next. My goal hasn’t
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been to write comprehensively about the field of conservation; instead I've
focused on dramatic cases of animals that are on the precipice of dying out
or have already vanished. The extreme nature of these stories crystalizes the
questions at the heart of our evolving morals and relationship to the natural
world. How can humans coexist with species in the modern world when
our existence and their survival so often appear pitted against one another?
What should we preserve of wilderness as we head toward a future of incred-
ible technological control over biology? Is nature here to serve our interests,
or is its independence worthy of protection? I discovered that contrary to a
common perception that much of biology has been explained, scientists are
making new and incredible discoveries today that give us a glimpse into the
complex relationship between genes, ecology, and evolution. And at a time
of rapid environmental change on earth—as industrialization, globaliza-
tion, and human sprawl go unchecked—these discoveries are much more
than intellectual marvels; they present clues as to how we might prevent
snuffing out the existence of other species.

Until very recently, humans never really cared much about whether
species disappeared. History is littered with our indifference—dodo birds,
great auks, 24-rayed sunstars, dusky seaside sparrows, Bernard’s wolves.
For most of human civilization, no one really believed species could go ex-
tinct. The environmental ethic planted in me as a kid probably wouldn’t
have made sense even a hundred years ago to most people, who generally
believed the earth’s bounty was intended for the benefit of human survival.
It wasn’t until the early twentieth century—following the work of individu-
als such as John Muir, Henry David Thoreau, and Aldo Leopold—that an
ethic in which species were valued was born in the modern mind. When the
environmental movement gained traction in the 1960s, the linchpin in the
argument to save species was the threat of their extinction. Extinction, it
has been said, is the middle name of conservation biology, a discipline that
coalesced in the late 1970s at a time when the impacts of humanity’s dis-
turbance of the earth’s ecosystems were manifesting themselves and docu-
mented by scientists. This era has been described as a new geological epoch
in which humans are a force of nature. Called the Anthropocene, its Noahs
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are conservation biologists, people who dedicate their professional lives to
saving species.

The field of conservation biology is a crisis discipline; Michael Soulé,
one of its earliest visionaries, wrote that its relationship to the biological
sciences is analogous to that of surgery to physiology and war to political
science. Facing a Sixth Extinction, it’s no surprise perhaps that conserva-
tion biologists can be a gloomy bunch. Conservationists themselves have
said that the field breeds a culture of despair. And at times, their pessimism
threatens to undermine the cause. “A society that is habituated to the ur-
gency of environmental destruction by a constant stream of dire messages
from scientists and the media will require bigger and bigger hits of catastro-
phe to be spurred to action,” wrote biologists Ronald Swaisgood and James
Sheppard in 2010.

The fact is, few of the dire predictions I heard as a kid about the Sixth
Extinction have come to pass. It’s generally thought that individual species
last on average about a million years, and the idea that we are in the midst
of a sixth mass extinction is based on an estimate that extinction rates have
increased above this background rate. In 2000, the United Nations’ Mil-
lennium Ecosystem Assessment estimated that extinction rates are now as
much as 1,000 times this “normal” background rate and could increase to
10,000. But in the last 500 years, the number of species that have completely
disappeared, what is known as a “true extinction,” is less than 900. Some
analyses show the rate of extinctions among birds and mammals has actu-
ally decreased since a peak in the eighteenth and nineteenth centuries; in
1900, they were going extinct at a rate of 1.6 per year, but that number has
dropped to 0.2.

What'’s really going on? If we are in the midst of the Sixth Extinction,
why aren’t more species disappearing? Scientists know about this discrep-
ancy between estimated extinction rates and actual extinctions and have
chalked it up to something called the “extinction debt,” the idea that spe-
cies can be “committed” to extinction because of the loss of their habitat or
shrinking population size, but can take a while to actually go extinct. But a
few years ago, two researchers, Fangliang He and Stephen Hubbell, realized
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the discrepancy was in part due to flawed math. The common formula used
to estimate species loss as it relates to habitat destruction can inflate extinc-
tion rates by as much as 160 percent. When He and Hubbell published their
findings in 2011 in Nature, it was tricky news to deliver and created much
controversy.

A few of years later, the journal Science published a paper whose authors
further challenged the perception that untold numbers of species are disap-
pearing before they can be discovered or named, a concern partly based
on an oft-cited statistic that there are as many as 30 million to 100 million
species on earth. Instead, the authors argued that there are in all likelihood
around 5 million species on earth. “A meeting of conservation biologists or
ecologists is hardly complete without worries about extinction rates, that
many millions of species are yet to be discovered, and that the taxonomic
workforce is decreasing,” wrote the authors. “We do not dispute that we are
in a human-caused mass extinction phase with many species committed to
extinction, but actual extinctions have been fewer than arguably expected.
With a realistic surge effort, most species could be named within the present
century.”

Undoubtedly, it’s good news that current extinction rates have largely
been overestimated. But the fact that extinctions aren’t occurring at the
rate previously believed can misconstrue the problem of habitat loss. Wild,
untrammeled places are disappearing, and, with them, wild creatures in-
dependent from human influence. In 2009 the European Commission and
World Bank published a study that showed a mere 10 percent of the earth’s
land today qualifies as “remote,” meaning it takes more than forty-eight
hours to travel to it from a city. As humans and their activities have spread
across the globe to extract resources, plant crops, and build cities and roads,
thousands of species inhabit slivers of their previous ranges, surviving in
isolated populations with few places to expand and faced with a loss of ge-
netic fitness and an increased vulnerability to climatic shifts, disease, and
natural disasters. Tigers, for example, inhabit less than 7 percent of the space
they inhabited a century ago. Caribou have lost half of their historic range
in the last 100 years. The World Wildlife Fund (WWF) estimates that, on
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average, vertebrate species populations have shrunk by half since 1990. An-
thropogenic global warming has exacerbated the problem of disappearing
habitat and shrinking abundance. Few landscapes around the world remain
untouched by climate change today. And as they have for millennia, changes
in climate are acting as selective pressures on species. For those animals
that can’t withstand changes to their environments, migrate or adapt fast
enough, their survival often depends on human intervention. An estimated
4,000 to 6,000 vertebrate species will need captive breeding over the next
200 years in order to mitigate extinction threats. Faced with these emer-
gencies, the urgency to do something to save these species seems like a good
ethical argument for action. But what actions we take have enormous con-
sequences for the evolution of species.

When Darwin published On the Origin of Species in 1859, he believed
that evolution through natural selection was a gradual process that took
place over millions of years. But species such as the White Sands pupfish of
New Mexico, which I write about in this book, have shown in recent years
that natural selection can occur at rapid speeds, over mere decades. What
this means is that humans are in the midst of an unplanned experiment
of influencing the evolution of the planet’s biodiversity. The same forces
driving extinctions—anthropogenic global warming, degraded habitats,
overexploitation, disease, invasive species—are shaping the evolutionary
trajectories of species. And which animals we prioritize, and how we choose
to save them, tinkers with the biosphere as a whole.

The predominant thinking in conservation biology has been that pre-
venting extinctions and hoping species will return to a fully conserved
state—meaning free of direct human management—is enough. In an era
of climate change, conservationists are realizing this is no longer a realistic
expectation. Returning to a prelapsarian state of untouched wilderness, if
one ever truly existed, is impossible. “It’s hard to future gaze to the next
few hundred years, but unfortunately I think that’s what is going to hap-
pen: life on this planet will likely be managed,” Brad White, a conservation
geneticist, told me. “It might not be as totally managed as a zoo or farm ani-

mals, but we are getting to that point.” The evolutionary ecologist Michael
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Kinnison described it this way to me: “Early on, the goal was to save the or-
ganisms from the environment. Bring them into captivity, and if you treated
them nicely and not too biased in how you bred them, it won’t be an issue.
Now there is much more of an understanding that organisms will adapt to
those environments. In the process of trying to save them, we change them.”
The irony of this age is that often the more we intervene to save species, the
less “wild™ and autonomous they become.

The looming ethical question is now whether or not humans, recogniz-
ing their evolutionary impact on species, should begin to consciously direct
or engineer evolution in the direction they want it to go. Sometimes called
prescriptive evolution or directed evolution, it might take the form of imbu-
ing a species with characteristics that can help it survive environmental im-
pacts down the road; translocating animals; or creating new, more resilient
hybrids. Engineering biological processes in this way represents a kind of
devil’s bargain for conservationists, who have traditionally separated people
and nature. “When you are talking about messing with evolution, you are
talking about the heart and core of what is special about this planet,” said
Scott Carroll, a biologist and founder of the Institute for Contemporary
Evolution, in an interview. But Carroll, a leader in the nascent field of ap-
plied evolutionary biology, responds to skeptics of prescriptive evolution by
pointing out that we are doing it anyway. “It’s happening in this unplanned,
unaware way in every living and breathing moment. We're proposing a more
thoughtful way. I don’t think we can come up with a sustainable relation-
ship to the planet if we don’t become cognizant evolutionary organisms.”

The most explicit form of human bioengineering may be de-extinc-
tion, the ability to bring species that have already disappeared back to life
with the goal of one day reintroducing them to their historical range. The
technology of “resurrection science” is real and upon us. Scientists have not
only successfully cloned endangered animals such as the European mou-
flon and the African wildcat, they are also working to bring back animals
that are already extinct. In 2009, Spanish scientists successfully resurrected
the Pyrenean ibex in the womb of a surrogate, though the animal lived
just a few minutes after birth. International efforts are underway to bring
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back mammoths. These attempts to repopulate the modern landscape with
extinct fauna rest on an intriguing ethical argument: that humans have a
moral responsibility to make amends for overexploitation by our ancient
and recent ancestors.

Take the case of the passenger pigeon, whose potential de-extinction
has become symbolic of both our incredible faith in science to solve our
ecological problems as well as a metaphysical predicament. Is a bird born of
human ingenuity in the laboratory the same as a bird born of natural selec-
tion in the wild? Or is it a case of what sociologists call bio-objectification,
defined as the process by which life is made an object by humans? In 1982,
Robert Elliot penned a paper called “Faking Nature” that rebuked the idea
that an ecosystem disturbed or damaged by humans could be restored to its
original state or has equal value to wilderness. Nature, wrote Elliot, is “not
replaceable without depreciation in one aspect of its value which has to do
with its genesis, its history.” It seems that today we have to decide whether
that genesis in the wild is something we value,

Some scientists see de-extinction as irrelevant to the real grunt work
of fighting for the survival of species. “For people who are doing this work,
the passenger pigeon stuff is just an offensive conversation,” one biologist
told me. “It’s publicity for newspaper articles.” There is real concern that the
very idea that de-extinction is possible will weaken the will of the public and
policy makers to protect endangered species or habitat.

I found the individuals working on de-extinction projects to be bril-
liant, and a few downright inspiring. But not many have shown how we
will put resurrected animals back into the world at a time when humans
can barely coexist with extant species. Florida panthers were once thought
to be extinct in the mid-twentieth century. By the time a remnant popu-
lation was discovered by a legendary predator hunter in southern Florida,
the animals had characteristics of severe inbreeding. After a genetic rescue
operation was carried out in the early 1990s, the number of Florida panthers
increased, but the animals today are limited to a paltry fraction of their
former habitat, bordered on all sides by Florida’s booming population. “It’s
a success story because the panthers are sturdy, but they are raising them in
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a cage,” Rocky McBride, someone who has tracked the panthers and other
predator species for decades, told me.

After immersing myself in stories about extinction, the term Sixth Ex-
tinction has begun to feel unhelpful for grasping the scale and nature of the
problem of diminishing biodiversity today. It is a monolithic idea; many of
us are conscious that something terrible is happening to earth’s creatures
even as the complexity of the problem eludes our full comprehension. In-
deed, the idea of mass extinction can be so overwhelming, eliciting feelings
of guilt and fear, that it eventually becomes an impotent fact in the same way
that a million deaths is a statistic rather than a tragedy. In the stories that
follow, I've tried to give flesh to a phenomenon that haunts the periphery of
our awareness but is rarely seen or experienced directly. These stories are
about just a handful of the animals that are on life support today, others that
have already disappeared, and the people who discover, study, track, hunt,
love, obsess, philosophize, save, and try to resurrect them.
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Ceratotherium simum cottoni

n early 2008, stem cell researcher Jeanne Loring decided to take her staff

on a field trip to the San Diego Zoo. Loring had recently been recruited

by the Scripps Research Institute in La Jolla, California, and the visit

was an opportunity to thank her staff for moving their laboratory. It was
an unusual field trip for this group of scientists. For decades, Scripps has
been on the leading edge of medical research, developing and testing treat-
ments for leukemia, HIV/AIDS, and multiple sclerosis. Loring’s research is
in the field of regenerative medicine—how to engineer human cells to treat
and cure neurological disease. Regarded as a pioneer, she was one of the
first people to master the production of human embryonic stem cells in a
laboratory. She is a passionate evangelist for her field, involved in landmark
legislation and patents. Loring describes herself as a scientist who likes big
questions, and stem cells, she says, let you ask them. The subtext of the trip
to San Diego was one of these big questions: Could they employ stem cell
technology for the purpose of wildlife conservation?
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Loring knew about the Frozen Zoo, the collection of tissue samples
from more than 1,000 species run by conservation geneticist Oliver Ryder.
There had even been some talk between Loring and Ryder before about how
embryonic stem cells might be used in conservation biology. “The trouble
was, the technology didn’t exist,” said Loring. “It was just talk.” Harvesting
stem cells from the embryos of endangered animals was both logistically
and ethically challenging.

In 2006, however, Japanese scientist Shinya Yamanaka published his
method for reprogramming any mature living cell into a stem cell, creat-
ing what is called induced pluripotent stem cells, or iPSCs. (The achieve-
ment would garner Yamanaka the Nobel Prize in Medicine in 2012.) In this
immature state, these new cells are capable of developing into any type of
cell in the body, including eggs or sperm. When Yamanaka’s method was
published, Loring immediately adopted it in her laboratory. It was no longer
necessary to get stem cells from embryos; they could essentially grow as
many as they wanted from a single skin biopsy. The method was so foolproof
that she was soon assigning the job of reprogramming cells into iPSCs to her
undergraduate interns. “This, in my field, was like getting a huge present,”
she said.

The applications for research were seemingly limitless. iPSCs made it
possible to generate living mice from mouse skin cells, an achievement that
could pave the way for growing replacement organs from a patient’s own
cells. And because the iPSC lines could be specific to patients, their bodies
wouldn't reject them. Loring’s lab was soon initiating projects to reprogram
the cells of people with Parkinson’s into iPSCs, turn these into brain cells,
and reintroduce them to the brain for treatment. The possibilities “were the
kind of thing you dream about as a scientist,” said Loring. “It’s like magic.”

After feeding giraffes and watching the animals on their trip to the San
Diego Zoo, Loring’s staff began to consider an unprecedented idea, that iP-
SCs could be created from the cells of endangered animals being held in the
big liquid nitrogen containers within the Frozen Zoo. If this was success-
ful, these new lines of iPSCs could be turned into any cells of the animals,
including sperm and embryos that might be used to increase the genetic
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diversity of existing populations or increase the number of individuals of an
endangered species. “If you can make eggs and sperm, you should be able to
use assisted reproduction methods. In vitro fertilization [to] create entirely
new animals,” said Loring. “So we would not just preserve ones that are left
but create new combinations of genomes that would add diversity to popula-
tions. Diversity is what it’s all about.”

For Oliver Ryder, the obvious first candidate for such an experiment was
the northern white rhinoceros, the rarest and second-largest land mammal
on earth. There were only eight individuals alive in captivity and none left in
the wild. The Frozen Zoo, however, had tissue samples from twelve different
individuals in its collection. Ryder had long been interested in the fate of the
subspecies and felt a personal stake in its survival, stemming from his work
with Ian Player, the eminent South African conservationist whom he first
met in the mid-1980s. Player had been instrumental in saving the southern
white rhinoceros, the cousin of the northern subspecies, from extinction.
In the early 1900s, there had been only a few dozen or so southern white
rhinoceros alive in a remote game reserve called Umfolozi (today it is part
of the Hluhluwe-Imfolozi Park). The South African government responded
by banning rhino hunting. Player first went to Umfolozi in 1952 as a young
gamekeeper and later described seeing his first white rhinos in mythic fash-
ion: “Two bulls loomed out of the mist. I had a perfect view of their physical
characteristics as they walked along a ridge. The mouth was square and the
nuchal hump between the head and the withers bulged prominently. Flies
clung to their flanks and steam rose from their backs. These were truly crea-
tures from a bygone age. The two rhinos grazed as they moved, their heads
swinging in a scythe-like motion as they fed on the grass. I watched them
move through the gray nthombothi trees into a cluster of candelabra aloes,
and disappear into the mist. I had a sudden feeling that my life would in
some way be bound up with these prehistoric animals.”

By the early 1960s, the animals’ numbers had increased to more than
2,000, but the preserve had reached its maximum carrying capacity. There
were two options, according to Player: either kill off a number of rhi-

nos or capture them and send them to other places. The first option was
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unthinkable to him, but the second seemed equally foolhardy. No one knew
how to capture and translocate temperamental, 4,000-pound animals.
Player pioneered the use of tranquilizer guns to do so and transformed what
had been considered a nearly impossible and dangerous endeavor into a
relatively easy task. Gamekeepers could now create backup populations in
zoos and preserves around the world, ensuring the animals’ survival into
the future.

One of these institutions was the San Diego Zoo, which received a
dozen southern white rhinos in the early 1970s. Soon thereafter, the luck of
the northern and southern whites began to change and then reverse. South-
erns were rebounding and numbered around 3,000 by 1980, but the north-
ern population was shrinking fast. When they had been discovered in 1900,
the northern animals were spread over sub-Saharan Africa, from parts of
eastern Democratic Republic of Congo (DRC), to Central African Republic,
northern Uganda, Sudan, and the southern edge of Chad, and the animals
far outnumbered their cousins to the south. By 1981, these countries had
been wracked by decades of civil wars and instability, and only a couple of
remnant populations were left. When a comprehensive survey was under-
taken in 1983, less than a hundred northern whites were believed to exist in
the wild. Player’s concern was that people were grouping the two subspecies
together and, because the southerns were doing so well, wouldn’t support
protections for the dwindling northern population.

Player enlisted Ryder in the cause, asking him to analyze the two sub-
species’ DNA and report on their genetic relationship to each other. What
Ryder found was that the two subspecies, separated by a million years of
evolution, were about as different from each other genetically as they were
from black rhinos. It didn’t lead to a different categorization of the species,
but it solidified the argument that the northern animals were genetically
unique and worthy of protection. In the ensuing years, Ryder began stock-
piling northern white tissue samples whenever he could. He traveled to a
zoo in the Soviet Union to gather five skin biopsies. Later, the zoo in Khar-
toum, Sudan, sent the San Diego Zoo a male northern white rhino, adding

another specimen to the collection. In all, Ryder gathered samples from a
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dozen northern whites for the Frozen Zoo. “This is a doomed population,
it's widely recognized that they are going to decline further,” said Ryder. “Yet
there is a gene pool that could rescue the small population in our freezer.
Mouse stem cells have been used to produce sperm and eggs. There are sev-
eral pathways for creating stem cells that could bring back genetic variation
that’s been lost to the [rhino] population.”

There was no funding for Loring’s research. It fell outside the param-
eters of both stem cell research and conservation biology. So she decided to
undertake it in parallel with experiments to reprogram human cells for the
purpose of regenerative medicine, justifying the expense by arguing that
the two things were related. In truth, there was no precedent indicating that
what Loring and her staff were proposing was even possible. The method de-
veloped by Yamanaka to reprogram cells does so by introducing a set of four
genes to a skin cell. These genes, what Loring describes as powerful “master”
genes that act as modulators, trigger the cell to transform itself and return to
a primitive state. For humans, those genes are taken from embryonic stem
cells, but this would be impossible to do when it came to the rhinos. Lor-
ing thought reprogramming genes taken from horses might work, but on
a whim she decided to introduce the human genes to the rhino cells just
to see if they worked. A postdoctoral researcher, Inbar Friedrich Ben-Nun,
who’d recently joined Loring’s lab, volunteered to lead the experiments us-
ing a cell line taken from the youngest living northern white, named Fatu,
who was born in 2000 at Dvur Kralove Zoo in the Czech Republic. Several
thousand of Fatu’s fibroblasts, the cells that make up her connective tissue,
were put into petri dishes, and twenty-four hours later Ben-Nun introduced
a virus to the dishes. This virus was designed to stick to the surface of the
cells and act as a delivery mechanism for the genes, but the initial one failed
and a second type had to be tried. Every day the cells in the dishes were
provided with fresh nutrients. The genes were not very efficient at repro-
gramming the rhino cells: out of a million there might have only been ten
that transformed. Nevertheless, a couple of weeks later, Ben-Nun started to
see dramatic changes in the dishes: whole colonies of shiny, smooth cells

were developing. The lab technicians began pulling those colonies out with
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a pipette, cutting them into little pieces and placing them into new dishes.
Within a few months, millions of stem cells belonging to Fatu had grown.
Loring sent a few of these back to Ryder’s laboratory, where the cells’s chro-
mosomes could be checked to ensure they hadn’t developed abnormalities.
Ryder’s laboratory confirmed they appeared just as normal as though the
sample had been plucked from Fatu herself.

Loring describes herself as the kind of scientist whose “fortunes are up
and down all the time, Either I'm too far out or right in the mainstream.”
In this instance, she was out in the stratosphere. They had created the first
iPSC lines for an endangered species, but there was no clear niche for the
publication of research in a peer-reviewed journal. Finally in February 2011,
they convinced the editors and reviewers of the journal Nature Methods to
take a look. When it was published in August 2011, the results were heralded
as representing a significant step toward creating regenerative treatments for
endangered animals that might be afflicted with genetic diseases or meta-
bolic disorders. And then there was the tantalizing possibility that the cells
could actually be urged to develop into rhino sperm and eggs, capable of
creating rare embryos. In theory, these embryos could be implanted into a
related species, most likely a southern white rhino. The result wouldn’t just
be cloned rhinos, but all sorts of genetic variations of eggs and sperm from
the twelve cell specimens at the San Diego Frozen Zoo. The first step in this
process couldn’t have come sooner for the northern white rhino population.
During the time Nature Methods reviewed the paper, the worldwide popu-
lation decreased by one when Nesari, a thirty-nine-year-old female at the
Dvur Kralove Zoo, died of old age.

After the paper was published, however, the rhino iPSCs were frozen
at the Scripps laboratory and that’s where the experiments stopped. Hu-
man patients desperately hoping to have children fund the field of assisted
reproduction. This marketplace gives doctors and researchers the incentive
to create new methods, but there’s no clear economic incentive to making
northern white rhinos in the laboratory. Nonetheless Ryder assured me
that within the next decade, these rhinos will come out of the freezer. “Re-

production in the current population isn’t going to provide a sustainable
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population,” said Ryder. “What we're talking about is the only way to pre-
vent the extinction of the northern white rhinoceros.” What no one knows
is whether any of the rhinos alive today will survive to meet them. It is a
species on the brink of extinction and resurrection at the same moment in

time.

¥ K K

Would the rhinos from a freezer be an entirely new species? Is a rhino born
of a laboratory from reprogrammed cells the same as one born of living
rhinos? Trying to answer these questions [ found myself going down a meta-
physical rabbit hole, 2,000 years of debate over the nature of reality, imper-
manence, and identity that is summed up by a thought experiment called
the “Ship of Theseus.”

The story goes something like this: Around 350 BCE, the Athenians
established a memorial to the naval heroics of their founding king, Theseus.
They placed his ship in port, where it stayed for centuries. Over the years,
the planks of the ship began to decay, so the Athenians replaced the rotting
planks with new wood until eventually all of the wood from the original
ship was gone. According to the Greek historian Plutarch, the ship became
the focus of a popular riddle among philosophers. Was it the same ship?
Had the ship changed, and if so, how? Some philosophers believed the ship
was still Theseus’s, and others contended that it wasn’t the same boat at all.
Aristotelians believe the form of a thing is its essence, and according to this
logic because the ship had the same exact form as the one that was sailed
by Theseus, it was the same ship. Heraclitus, however, might have argued
differently. According to him, everything moves on and nothing is at rest;
comparing things to the flow of a river, he famously said that no one can step
into the same river twice. This sage wisdom seems to prophesy the modern
understanding of biology. We know today that all the component parts of
our bodies—our cells—are in a state of constant flux, of dying and regen-
erating. Are we the same person nonetheless? Over generations of human
history, natural selection has played upon the DNA in our cells, changing
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the sequence of proteins in a never-ending rearrangement of molecules
that adds up to human evolution. So am I the same species as my distant
ancestors?

In 1949, paleontologist Benjamin Burma argued that because species
change through time, they can’t be the same species from one moment of
history to the next, that the whole idea is a construct without reality in na-
ture. This has since been proven to be nonsense, but trying to articulate why
is difficult. When I tried to think about why a rhinoceros born of stem cells
in a freezer would be different from one born in the wild, I intuitively felt the
answer had something to do with authenticity. But evolution complicates
and obfuscates the idea of any species as something that has an “authentic”
identity. This is why scientists and philosophers have come up with over two
dozen different species concepts. What persists through time? What exactly
is a rhinoceros?

Metaphysicists can bring clarity to this question where biologists can-
not, but only by grappling with concepts such as space-time dimensions and
wormholes. To try to understand these ideas, I turned to French philoso-
pher Julien Delord. In a 2014 essay called “Can We Really Re-create an Ex-
tinct Species by Cloning? A Metaphysical Analysis,” Delord explained two
popular metaphysical stances on species, “real essentialism™ and “three-
dimensional individualism.” The first, real essentialism, is rooted in the
ideas of Aristotle and his notion that a horse is a horse because all horses
share the same properties and therefore the essence of horse-iness. Some
modern philosophers have equated this essence to DNA, but essentialism is
mostly considered indefensible after Charles Darwin because the properties
of what makes a horse a horse are not static. A genetic trait or mechanism
might disappear over generations of horses, but this doesn’t mean that the
offspring are necessarily a new species of horse. A genetic code might also be
shared by different kinds of animals, dogs and wolves for instance, but this
doesn’t make them the same species.

The second idea Delord wrote about, three-dimensional individualism,
is that species aren’t really a class of organisms at all, but are better described

as individuals. The American philosopher and biologist Michael Ghiselin
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articulated this idea in the 1960s, and he believed it was not as radical a
proposition as one might initially think. Individual organisms like you and
me have proper names, and we are made up of parts that are restricted to a
particular time and space: I can’t be in New York while my feet are in San
Francisco. Species also have proper names and are limited by time and space,
yet they are considered taxonomic classes, groups of entities that are defined
by their shared properties that are true at any time and place in the universe.

In his essay, Delord used these two concepts to try to solve what he calls
the “resurrection paradox,” the problem of knowing whether a resurrected
animal is truly a member of the original species. The conundrum comes
down to whether we can transform an evolutionary product (a resurrected
rhino) into an evolutionary process (a species of rhino), explained Delord. If
you are an essentialist, true resurrection of an animal might actually be pos-
sible, particularly if you believe “essence” is equated with an animal’s genetic
code. A resurrected rhinoceros would have the genome of its ancestors, and
therefore be a member of the same species. But if you think of species as indi-

viduals, the whole idea of authentic resurrection is impossible. Delord wrote,

According to this metaphysical stance, when a species goes phyletically
extinct (succumbing to terminal extinction), one can make a straight-
forward analogy with the death of an organism. It ceases to exist both
functionally, as there are no more vital relations (reproductive, ecologi-
cal and so on), and even materially, as no spatio-temporal entity that
was part of the species exists anymore. . . . All attempts to resurrect it
from a cell or from the genetic information taken from the dead organ-
ism is doomed to failure, as this would create a new organism, that is a
new spatio-temporally delimited individual, although one very similar

in many aspects to the dead organism.

Then Delord introduced wormbholes to his analysis and the metaphysi-
cal debate over whether reality is best described as having three or four di-
mensions. In three-dimensional reality, things exist in space but not time. If

we think about Theseus’s boat from this “endurantism” perspective, wrote
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Delord, it’s clear that it’s not the same boat once even one plank of wood
has been replaced, because all its original parts are not present at the same
instant in the form of the boat. It’s difficult to make sense of species from the
three-dimensional perspective because the animals change over generations
but, biologists tell us, are still the same species.

Species start making more sense if you think in terms of four-dimen-
sions, what’s called the “perdurantist” view, which beautifully solves the
paradox of species resurrection, according to Delord. In four-dimensional
thinking, entities persist in many possible states by virtue of a kind of tem-
poral wormhole extending in a continuum from past, present, and future,
An entity’s existence at different stages in time is an aspect of that entity. So
even as Theseus’s boat is changed plank by plank, it inhabits the same space-
time continuum as the original boat—even if all its wood has been replaced
over the centuries. A perdurantist might say that a rhino born of a freezer
after all other rhinos have died inhabits the same space-time continuum
of the species. Its resurrection is as natural as a bear’s awakening from the
slumber of winter.

All this hand wringing over the metaphysical status of resurrected ani-
mals might seem arcane and silly. We don’t ask the same questions of hu-
man children born of in vitro fertilization or surrogate mothers. But to give
humans a moral status is unambiguous. Delord rightfully pointed out that
metaphysics of animal re-creation matters a lot when it comes to ethics and
how we treat animals that are created by humans. If they aren’t allowed full
membership to the species they descend from, they might deserve less atten-
tion and preservation than “natural” beings. And so whether a re-created
rhino is “authentic” or not may matter a great deal in the near future. My
head full of these metaphysical debates, I took a plane to Kenya to meet four

of the last living northern white rhinos on earth.
¥ ¥k

On a cool and sunny morning in Nairobi, I piled my things into a Land
Cruiser and headed north toward Nanyuki, a busy market town at the base
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of Mount Kenya. In the driver’s seat was Kes Hillman Smith, a British-born,
Kenyan zoologist, and the world’s expert on wild northern white rhinos. We
were headed to see Fatu, the rhino whose cells had been used to create the
first iPSCs from an endangered animal. Now fourteen years old, Fatu was
living on a 90,000-acre wildlife preserve called Ol Pejeta Conservancy near
Nanyuki, after being translocated from Dvur Kralove Zoo in the Czech Re-
public along with three other northern whites including her mother, Najin.
At the time, biologists had hoped that their introduction to the grassland
of the East African bush would stimulate the animals to successfully mate.
But five years later, there still hadn’t been a successful conception. Fatu, it
seemed, was the last of the subspecies to be born. Kes had been with the
rhinos shortly after they arrived at the conservancy, sleeping on a bedroll
next to their enclosures. In order to protect them in their crates during the
journey from eastern Europe, caretakers had sawed the rhinos’ long horns
off, giving them a stunted, somewhat sad appearance. Over the next few
weeks, Kes and the animals’ keepers watched as the rhinos adapted to their
new surroundings. Sudan, the only rhino to be born in Africa, was the el-
dest at thirty-six years old and the dominant male. He seemed to adjust
immediately, freely leaving his scent on whatever bush he wanted, marking
territory and lying down for a snooze. Suni, the younger male, was differ-
ent, sniffing around but leaving few scent marks and acting more anxious.
Fatu and Najin stayed close together, even though the daughter was well
into adulthood. Clearly, the animals had an established dynamic that came
from living in close quarters at the zoo. The quickest way to get the rhinos to
mate, Kes believed, was to create conditions where social dynamics observed
in the wild could develop. Both Sudan and Suni needed to establish sepa-
rate but parallel territories. That way they could each stake a claim and feel
confident mating with the females when they were in estrus; the proximity
to another male would spur them on. In the wild, Smith had seen a single
rhino population double in the span of eight years, an incredible fact given
that females have a fifteen- to sixteen-month gestation period, so she knew
what the animals were capable of under good conditions. Clearly something

at Ol Pejeta wasn’t working.
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No one knows more about northern white rhinos in the wild than Kes.
In the early 1980s she lived in the eastern corner of the Democratic Republic
of Congo (then called Zaire) where the last population was located. She orig-
inally planned to stay for a year and ended up staying for twenty-four. It was
the only long-standing monitoring project of the animals ever undertaken.
Unlike Jane Goodall or Diane Fossey, who both worked in the same corner
of Africa as Kes, she never gained notoriety for her work beyond a small,
international circle of zoologists and conservationists. This isn’t because her
work was any less dramatic. During her time at Garamba, a remote and
long-neglected preserve, she watched as the rhino population grew to thirty-
two individuals, and she then launched a guerrilla war against poachers who
hunted and killed one rhino after another, By the time she and her husband
left in 2005 there were less than ten rhinos left, and there haven’t been any
sightings or evidence of them in years.

The pioneering wildlife filmmaker Alan Root described Kes as an un-
sung hero in one of Africa’s fiercest conservation battles, a “pocket-sized
Venus, usually dressed in old military gear and boots.” She was, Root wrote,
like a poster girl for the Israeli Army. I had first heard about Kes’s work in
Africa from Oliver Ryder, but later I realized that I had actually read about
her when I was fourteen years old in Last Chance to See, Douglas Adams’s
funny and moving account of traveling around the world to see endangered
species in the early 1990s. The northern white rhino was one of them, and
he went to Garamba where he described scanning the horizon with binocu-
lars from a termite hill next to Kes, hoping in vain for a glimpse of a rhino.
At that time, there were around thirty rhinos in an area of roughly 650,000

acres.

Kes is a formidable woman, who looks as if she has just walked off the
screen of a slightly naughty adventure movie: lean, fit, strikingly beauti-
ful, and usually dressed in old combat gear that’s had a number of its
buttons shot off. She decided it wasn’t time to be businesslike about the
map, which was a fairly rough representation of a fairly rough land-

scape. She worked out once and for all where the Landrover had to be,
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and worked it out with such ruthless determination that the Landrover
would hardly dare not to be there, and eventually, of course, after miles
of trekking, it was exactly there, hiding behind a bush with a thermos of
tea wedged behind the seat.

I noticed there was a thermos in the Land Cruiser with us now, which
Kes encouraged me to drink from. In her sixties, she has retained both the
petite elegance and simmering intensity of her younger years. Frequently
dressed in worn horse-riding breeches and a stylish black leather belt slung
low around her hips—the buckle a shiny brass rhinoceros—she drew upon
angers and frustrations from decades ago as she told me the story of what
went wrong in saving the world’s last wild northern white rhinos. “If you
think about subsistence living, poaching or hunting is fair enough. People are
using traditional methods and hunting for the pot. They need it,” said Kes.
“The trouble is, it doesn’t stop there.” We barreled north on a two-lane high-
way through rich Kikuyu farmland. In the opposite direction was a stream
of vehicles returning from an annual charity event farther north in Sam-
buru County. Called the Rhino Charge, the difficult off-road rally race raises
money for rhino conservation. The event had raised a record $1.16 million
this year, and Kes's son Doungu, named after a river in Garamba, had been a
member of the winning car’s team.

Rhino conservation in Kenya has entered a period of crisis in the last
few years. Poachers killed double the number of rhinos in 2013 than the
year before, encroaching on even highly secured preserves with seeming
impunity. Kenyan newspapers had begun reporting on the fact that most
of these poachers are armed and supported by international criminal net-
works operating with the help of corrupt politicians. The crime syndicates
are feeding a seemingly insatiable hunger in countries like Vietnam and
China, where the nouveau riche view rhino horn for medicine or hangover
prevention as a status symbol. A kilogram of rhino horn reportedly fetches
up to $100,000 in these countries, much more than gold. The number of
rhinos being poached is even worse in South Africa; in 2013, poachers were
killing on average three rhinos every day.
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Kes has seen this all before. It was during the poaching epidemic of
rhinos in the 1970s that she had moved to Kenya and was soon hired by the
New York Zoological Society and the International Union for Conservation
of Nature to do aerial surveys over Africa and analyze elephant and rhino
populations. Kes’s father was in the British air force and had once given her
flying lessons as a birthday present. It was the sort of work she had been
preparing and hoping for her whole life. “I suppose I've always loved ani-
mals,” she said. “I wanted to travel and work in Africa because | wanted to
get out of England and be in a more interesting and challenging place.” Her
doctoral work had focused on electron microscopy in frog hearts, an aca-
demic exercise she felt was pointless. “It taught me how to ask questions and
formulate investigations, but it didn’t seem to have any meaning in the real
world. As soon as possible, I got out and into what I considered to be much
more meaningful conservation.”

What she saw during the aerial surveys was grim. In the Luangwa Val-
ley in Zambia, 2,500 black rhinos had been killed. Three thousand rhinos
had disappeared in Tanzania’s Selous Game Reserve. The Central African
Republic’s rhinos were just about gone with about fifty left, and populations
in Chad had dwindled toward probable extinction. Southern white rhino
populations had rebounded to around 17,000 but now their cousins, the
northern whites, were difficult to find, Kes initially estimated that around
a thousand were left, mainly in the south of Sudan in the Shambe Game
Reserve and at Garamba. Kes became the head of the [IUCN’s Rhino Special-
ist Group and proposed that Shambe and Garamba be the focus of funding
and efforts to conserve the remaining northern white rhinos. But in April
1981, as civil conflicts were broiling in the region, she flew another aerial
survey and couldn’t find a single live rhino in Shambe. She began ground
surveys in other parts of Sudan, but there were so many poachers armed
with military equipment that by 1983 it was hard to penetrate even the na-
tional parks. It was becoming clear that the previous population estimate of
a thousand northern white rhinos had been optimistic. The total number
of rhinos alive, Kes realized, was likely less than a hundred. In 1983, the

Second Sudanese Civil War erupted between the Islamic government in the
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north and the Sudan People’s Liberation Army (SPLA). Kes had to give up
the idea of working in Shambe and she turned her sight across the border to
Garamba in the DRC.

Today, Kes and her husband, Fraser, live in the wealthy Nairobi suburb
of Langata, just a stone’s throw from where Karen Blixen toiled in the black
cotton soil trying to grow coffee, a struggle that would become the basis for
her book Out of Africa. Their large, well-worn home is concealed from the
road by trees. Driving down the lane you pass a barn with horses, and inside
the house is a central courtyard overrun by vines, four dogs, and handfuls of
cats. In the evenings, their large veranda is often filled with buoyant guests
who sit in the canvas safari chairs and watch the wild warthogs and bush
babies as the sun sets in the direction of the Ngong Hills. Just beyond the
backyard is a 150-acre giraffe conservancy where Fraser rambles with the
dogs or Kes rides her horses.

It’s an idyllic home but one that seems cast in the shadow of their pre-
vious life at Garamba. Entire rooms of the house are filled with papers, re-
search, and funding campaigns for saving the last northern white rhinos.
Pictures from their years at the park cover the walls. Kes and Fraser were
married on the banks of the Doungu River at Garamba. A daughter came,
Chyulu, and then their son. The children both grew up there. In one pho-
tograph, Kes grins at the camera as she stands in front of a river, holding a
white parasol over her baby girl, who sits in a carrier on her mother’s back.
Kes looks beautiful in a way that seemed to me to indicate great fulfillment,
like she was exactly where she was meant to be. In light of what would come
in later years, the photo has a slightly tragic feeling. Fraser intimated this
general feeling during an evening stroll through the giraffe conservancy,
when he told me we often don’t recognize the good times until later, when

things are so much worse.

L

Garamba'’s ecosystem is shaped by rain and fire. During the long wet season

from April to November, rain feeds the savanna and the perennial grass,
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which grows thick and tall until it becomes an undulating, rich green sea.
During the dry season, the eight-foot-long grass loses so much moisture in
the sun and heat that it becomes combustible and ready to explode. When
the wildfires begin, they are ferocious and fast moving, turning the soil
gray with the ash left behind. A couple of weeks after the pyrotechnics end,
tender green shoots begin to appear, ready for eating by buffalo, elephants,
and rhinos, and the whole cycle begins again. Buffaloes were once the most
numerous animals in the park. In the 1970s there were around 53,000, in
addition to hundreds of Congolese giraffes, kob, warthogs, roan antelope,
bushbuck, hartebeest, oribi, duikers, lions, spotted hyenas, and an abun-
dance of hippos and crocodiles. Sometimes the crocodiles in the two rivers
running through the park were twenty feet long. The landscape of Garamba
wasn’t as dramatic as the volcanic mountain regions of the DRC or as im-
pressive as the country’s impenetrable interior jungle, but it was unique in
its ability to support an incredible density of wildlife. The filmmaker Alan
Root wrote that filming the elephants at Garamba was like seeing a remnant
of the old Africa, when the continent had “huge herds moving across end-
less space.”

When Garamba had been created in 1938 in what was then the Belgian
Congo, the idea was to maintain the natural processes of the ecosystem by
completely isolating the land from human activities. The nation’s parks, in-
cluding Virunga, where the country’s only population of mountain gorillas
live, were to be places in which wild nature could evolve without any inter-
ference. When Kes arrived, the brutal irony of this founding vision became
apparent. The country’s politics, starting with independence from Belgium
in 1960, followed by the Simba Rebellion and then an invasion of rebels from
Angola, had created instability and a scarcity of funding. Local communi-
ties and paramilitary groups used the park’s animals as a resource to feed
themselves and to create an income. The population of rhinos was as high
as 490 in the early 1970s but had since sunk to around twenty. The num-
ber of elephants had similarly decreased, from 22,000 in 1976 to 7,000 by
1983. Many of the animals had been pushed into the southern sector of the

park by the poachers, who made their camps in the thicker bush toward the
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north, where they could smoke their meat before taking it to sell in nearby
villages or across the border into Sudan.

On the invitation of the government’s wildlife agency, Institut Zairois
pour la Conservation de la Nature, Kes moved to the park in March 1984 to
live full time. Fraser came with her, hired to rehabilitate the park’s ailing
infrastructure. Fraser was a trained wildlife park manager who had grown
up in South Africa and Botswana. He lived in safari shorts and sandals, even
when he was darting rhinos or flying a Cessna on poaching reconnaissance
missions, and was a natural tinkerer and problem solver, perfectly suited
for the challenges of working in Zaire where problems were everywhere. In
order to deter the poachers, the Smiths and the park staff began building
roads, bridges, airfields, a radio communication system, and strategically
located patrol posts. It was an overwhelming and relentless job. In her 2015
book Garamba: Conservation in Peace and War, Kes described the difficulty

of maintaining a network of roads in the park:

Under ideal conditions the tractor would cut the grass down the centre
of the tracks in June, just as the grass was reaching the height of a Land
Rover bonnet and causing the radiators to clog and over heat. If the cut
grass was burnt a few days later, the tracks would remain usable through
September when another cut was necessary for the centre and sides, to
prevent the long grass being bent over the tracks by storms. If all this
grass was burnt, the roads would remain open until the dry season when
the whole lot would often get burnt regardless of our efforts to control
constant burning year after year. It sounds simple, but in practice was
seldom possible to achieve. For a start, four cuts down every road added
up to thousands of kilometres a year. The tractor was not designed to
cope with such a task, nor was the driver, who had to sit day after day in
the swirling dust of slashed grass with blood shot eyes peering through
thick layers of yellow pollen. Worse still was the task of the aide-chauf-
feur walking ahead checking for rocks, holes, termite mounds and tree
stumps through grass no-less coarse than sugar cane! They stopped only

to repair punctures.
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Fraser built a mud hut and then a mud-brick house with bookcases and
open windows and doors to let in the breeze, and their initial efforts to re-
habilitate the park had almost immediate and positive results. Kes was able
to do some of the first and only long-term monitoring of northern white
rhinos, observing their social dynamics and mating habits across multiple
generations. Every month she flew the park’s Super Cruiser to conduct a to-
tal survey of the population. What she found gave her hope: the population
nearly doubled to thirty individuals over the first ten years. With veteri-
narians Peter Morkel and Billy Karesh, she developed an innovative way to
follow their movements using telemetry by drilling into the rhinos’ horns
and placing radio transmitters inside and up through the center. She was
concerned that the small population could result in inbreeding, and began
doing biopsy darting and taking small ear notches to send to laboratories
in Kenya and Cape Town. Students were coming to the park, including Em-
manuel de Merode, who would go on to become the director of Virunga
National Park. During this time the poaching was mostly limited to buf-
falo and the fires from bush camps were easy to detect from planes. Around
1991 the Smiths instituted a rigorous reporting system for the park rangers
that gave them ongoing data on the type of illegal activities that they found
in the park and the movements of the patrols themselves. “It was a way of
being able to analyze and compare information over time and space which
was collected in a systematic way,” said Kes. “That was incredibly useful.
We were getting so much information, which was being fed directly into
guiding patrols and improving antipoaching. And we could use it to raise
support.”

By working with the guards and reinforcing the rules and logistics of
antipoaching, explained Kes, virtually all of the hunting stopped. Then un-
rest came to the park. In 1991, the SPLA took the town of Maridi and 80,000
refugees fled across the border, many of them into the park. Eventually they
were resettled nearby, but the ongoing war in South Sudan meant the poach-
ing only increased. When the First Congo War started in 1996, it brought a
wave of militias moving through the region; the guards were disarmed and
a three-month free-for-all by poachers ensued. The Smiths didn’t know it
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then, but this period of instability would mark a turning point in the fight
to protect Garamba, setting off a war between the park rangers and poach-
ers that escalated as the violence around them surged. This was Garamba’s
curse: it was surrounded on all sides by countries awash in war. The poach-
ers were armed with increasingly heavy ammunitions: automatic weapons,
hand grenades, rocket launchers. Antipoaching units, previously eight men
and now increased to twenty, were forced to respond by arming themselves
more heavily. The fighting escalated. Confrontations with poachers could
easily end in casualties on both sides. “They were supposed to give three
warnings before they could legally shoot to kill,” explained Kes. “But of
course they didn’t.”

Despite the continued aerial surveillance and patrols, the assaults on
animals by the poachers were relentless. “We knew it was getting danger-
ous,” said Kes. And they also knew it was only matter of time before the
poachers pushed farther south into the park and the long-grass savanna fa-
vored by the rhinos. In 1996, patrol units reported hearing gunfire near the
Garamba River and discovered two rhino carcasses. The first one was Mai, a
young female, freshly killed. Inside her was a male rhino fetus; she had been
close to giving birth. The second carcass, a male called Bawesi, had already
started to decompose. The rangers cut off Mai’s head and brought it back
to headquarters. Kes knew some people were poaching animals in the park
to feed themselves. But this, she was sure, was the work of the SPLA, which
was still fighting a civil war against the Sudanese government in Khartoum,
just across the border from Garamba. These men were not poaching because
they were starving. “There was a massive amount of food aid that was being
flown into Sudan,” said Kes. “They were just exploiting their neighbor, sell-
ing ivory and rhino horn to get weapons and continue their war.” At times
her frustration was overwhelming. “You're angry and you think, how are we
going to fight this? This is so big,” she recalled. “It’s a fatalistic anger. So you
have to try to create positive force from it, some way to combat it.”

The first strategy was to go to the SPLA directly and negotiate to get
the poachers to stop. She traveled to the main SPLA headquarters in Nai-
robi as well as Uganda, where the SPLA had training camps. The army’s
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higher-ups claimed the poaching was just a few stragglers here and there,
deserters mostly trying to make an extra buck. They even agreed to do some
antipoaching joint operations with Garamba’s park rangers. But the Smiths
knew things were much more complicated than what the SPLA leaders were
telling them. The army had camps just across the boundary of the park,
places from which they could cross back and forth with impunity. The park
rangers were discovering too many poachers who were Sudanese to believe
they were just deserters acting alone. Later that same year, Laurent-Désiré
Kabila, the Congolese rebel, began leading his forces over the eastern border
of the country from Rwanda. As they marched toward Kinshasa, their pres-
ence created a tsunami of military forces fleeing for their lives and pillaging
along the way. For the first time, the security situation forced the Smiths
and their children to evacuate their home; they hid photos and valuables
where they could and flew to Kenya in one of the small planes. After they
left, Mobutu’s mercenaries took up residence in the park, staying for a few
months before Kabila’s Alliance des Forces Démocratiques pour la Libéra-
tion du Congo-Zaire finally disarmed them and drove them out. In May of
1997, Kabila became president of the newly named Democratic Republic of
Congo, and in July the Smiths were able to get back into Garamba. Vehicles,
computers, and fuel had all been pillaged. But worse than that, the months
of disruption to the antipoaching patrols had led to 6,000 elephants and
two-thirds of all the buffalo and hippos in the park being killed. Poaching
camps littered the park. Somehow only two rhinos had died and five rhino
calves had been born.

They were barely in the midst of rebuilding when the country’s second
civil war erupted in 1998. President Kabila had tried to force Rwandan Tutsi
refugees to leave the DRC and return home. The park’s officer in charge
of elephants was killed by an army firing squad for his Tutsi ethnicity. It
wasn't difficult to understand why the World Wildlife Fund decided to close
its projects in the DRC. Luckily for the Smiths, the International Rhino
Fund—a conservation organization based in Fort Worth, Texas—took over
even as the violence escalated. As Kes explains in her book, three differ-
ent parallel governments backed by foreign interests effectively controlled
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the country, and Garamba fell into territory under warlords supported by
Ugandan forces. The park was also close to the conflict in Sudan and very
near a territory controlled by Rwandan-backed rebels. Dealing with these
different factions made it difficult to transfer fuel and supplies and to keep
staff paid on time, if at all.

When I asked Kes how many rangers died during this time on anti-
poaching patrols, she avoided giving a number. But it was clearly not un-
usual for rangers to lose their lives or to have to be evacuated after being
wounded. It was equally brutal for the poachers themselves. If they were
caught alive, they were imprisoned, and the park rangers sometimes tor-
tured them to get information. “We couldn’t really stop them doing that, we
weren’t the authority in that sense,” said Kes. “There is a cruel streak,” she
added, “which seems to have grown in response to the type of colonialism
there.” During one debriefing, the rangers told Fraser they had killed some
poachers in an attack. When Fraser asked how they could be sure the poach-
ers had died, the rangers started bringing in ears cut from the poachers’
bodies. Fraser put an end to the practice, but it was a glimpse into how the
park itself was susceptible to the unforgiving violence that surrounded it.

For the next few years, even as political instability in the region contin-
ued, the population of rhinos held steady against the poachers’ incursions.
In April 2003, Kes flew one of her regular aerial surveys and found thirty
individuals in Garamba. Oddly, it was a cease-fire between the SPLA and
the government of Sudan that was the beginning of the end. For years the
SPLA had monitored the border between DRC and Sudan, but after the
cease-fire they no longer controlled the area, creating a porous boundary
that let an entirely new enemy into the park. Smith began seeing herds of
elephants gunned down in her aerial surveys; even tuskless females and
infants were shot. In early 2004, the rangers got their first sighting of who
was responsible: not SPLA but Sudanese men on horses. This was the jan-
jaweed, the Muslim horsemen who were creating havoc in Darfur. These
skilled fighters could move fast through the park, much quicker than a ve-
hicle or men on foot, and the small planes were useless in cutting off their

retreats to the border. They needed a helicopter or two but appeals to the



168 RESURRECTION SCIENCE

United Nations—Garamba was in fact a UNESCO World Heritage Site—
went nowhere. In May 2004, an early morning attack against the horse-
men in which the park rangers were outmanned and outgunned resulted
in two rangers being killed and others wounded. Three janjaweed were also
killed. “It was a disaster,” said Kes. “As a result, there was a lot of fear. The
guys were scared and coming up against horsemen who were really bril-
liant shooters and fighters.” By July there were only fourteen rhinos left in
the park, and by December Smith could find only four in addition to four
outside the park’s border.

As early as 1995, the government wildlife agency—now called the In-
stitut Congolais pour la Conservation de la Nature (ICCN)—international
donors, and Kes had discussed emergency measures to take some rhinos
out of Garamba if the threat of poaching threatened to wipe them out. It
was an idea Kes endorsed with great hesitation. The rhinos were the flag-
ship species of the park, the reason international interest and donor dollars
were being directed to conserving a small ecosystem in eastern DRC. If the
rhinos were gone, the will to invest in the area might leave with them. She
had long fought for the rhinos to stay where they were in the hopes it would
rally support for the park. But by January 2005 it was clear that if the rhinos
were going to survive they needed to be removed from Garamba. The idea
was to move them to Kenya and bring them back once things were safer.
President Kabila and four joint vice presidents in Kinshasa agreed to the
plan, but the minister of environment refused to endorse it. He insinuated
on live television that the government, ICCN, and the conservation effort
were selling the rhinos to Kenya, where they would be used to increase tour-
ism. The government, wary of its image in the public eye during an election
year, decided to sack the plan.

After this, things became very sinister. A delegation from the govern-
ment’s wildlife organization in Kinshasa was met by machete-wielding mobs
near the park. The Smiths were briefly arrested and accused of sneaking into
the park illegally. The park’s warden canceled a donor-strategy meeting at
Garamba. By this stage, the Smiths had already bought their house in Lan-
gata, and the donors decided to gather there instead. For many of them, the
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politicking by the DRC government and power plays within the ICCN ranks
were the last straw. They had stuck with the rehabilitation project through
civil wars and unrest, but the latest string of events had spoiled their good-
will. The NGOs decided to pull their aid to Garamba and told the ICCN the
only way to get it back was for it to sort out its internal problems. By the
end of the summer, with no evidence things had changed, the International
Rhino Fund—the Smiths’ employer—ended their funding permanently. Af-
ter twenty-four years, the Garamba project the Smiths had given their lives
to was over.

“We spent millions of dollars in the Congo trying to save it in situ,” said
Susie Ellis, the current executive director of the International Rhino Fund.
“And for various reasons outside our manageable interests, it didn't work.”
In 2008, a team of biologists went into Garamba in search of rhinos. They
found nothing. “The thing we all agree on is that the population is extinct.
Definitely in the DRC and most likely in Sudan,” said Ellis. Like Oliver Ry-
der at the Frozen Zoo in San Diego and others, Ellis considers the last rhinos
in captivity doomed, and missed opportunities to bring more into captiv-
ity from the wild a tragedy. “The view most of us have is it’s too late for the
northern white rhino. We really messed up. The technologies to bring them
back through cloning are long, long away. In the meantime, I think probably
the most important thing we have learned is where the mistakes were made.

This will never happen again with another species of rhino.”

* ¥ ¥

We arrived at Ol Pejeta Conservancy in the early evening, just as the sun
was starting to cast its last light of the day on Mount Kenya, now looming to
our east. The park rangers at the registration gate greeted Kes warmly; she
was the lady that only came to see the rhinos. We drove down an empty dirt
road through open bush passing herds of buffalo, plains zebras, and deli-
cate gazelles munching on green grass. A brisk wind came down from the
mountain but the air felt sweet after the congested streets of Nairobi. When

we reached the research camp, there were only two other people there, a



170 RESURRECTION SCIENCE

woman collecting ticks and a young undergraduate student radio-tracking
lions. We slept in beds made up with thick down comforters under Masai
tartan prints.

By seven the next morning we were back on the dirt road and headed
deeper into the 90,000-acre preserve to the area where the rhinos were kept
in large enclosures protected by electric fencing and armed guards. Ol Pej,
as the locals call it for short, has some of the highest security of any park in
Kenya. There is a canine antipoaching unit consisting of German shepherd
guard dogs that can detect and give chase to poachers. In 2013 the conser-
vancy crowd-sourced $45,000 to purchase several aerial drones to help pa-
trol the perimeter. But poachers still get in. The previous month they came
at night and killed a southern white rhino. “I hate poachers,” said Moham-
med Doyo, the head keeper of the rhinos at Ol Pej. Doyo has been working
with rhinos since 1989, when he was just a teenager and nursed an orphaned
animal at the park. He slept in the same room as the baby rhino, which
would wake him up in the middle of the night to be fed with a bottle. Doyo
has three young children but he said rhinos are his real babies. When the
four northern whites arrived at Ol Pejeta, their survival and ability to repro-
duce became Doyo’s personal cause. “When they have a baby, we are going
to get Kes and open a bottle of champagne,” he said.

As the guards let us into the first enclosure—about 140 acres of scattered
brush and grass—Doyo gave Kes an update from the backseat of the Land
Cruiser. Four months earlier, the keepers had brought in a young southern
white male from a neighboring conservancy and introduced him to Fatuand
her mother, Najin, hoping the animals might crossbreed. The male northern
whites were proving to be very unreliable studs. Other than a promising
instance when Suni, the younger male, mated with Najin, there hadn’t been
much copulation, and none resulting in conception. It was unclear whether
the problem was physiological, environmental, or just bad luck. Had the
females developed fertility pathologies? It was possible that years of living in
a zoo and not producing high levels of hormones had affected their repro-
ductive organs. At least one aspect of the problem was that Sudan, the oldest

and dominant male at forty-one, had an arthritic leg as a result of growing
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up in captivity. This made mounting the females extremely difficult for him.
“Maybe we’ll get him a stool,” joked Doyo. Meanwhile, Suni, now thirty-six,
still appeared to have the finicky and anxious personality of an adolescent.

The decision to try crossbreeding the animals was a drastic measure,
It was made by a management committee, including representatives of the
Dvur Kralove Zoo, wildlife veterinarian Peter Morkel, who worked with
Kes at Garamba, and Martin Mulama, the chief conservation officer at Ol
Pejeta. Crossbreeding could speed up the extinction of the species through
hybridization, and no one even knew whether the offspring of such a union
would themselves be capable of reproducing. But preserving any of the spe-
cies’ genes in a living animal was now seen as a better alternative to oblivion.
If crossbreeding succeeded, the committee’s reasoning went, the offspring
might be mated back with the pure northern whites in an attempt to rescue
an even larger part of the species gene pool. So in January 2014, the game-
keepers moved a male southern white rhino into an enclosure with Fatu and
Najin. Soon after, they moved two southern white females into an enclosure
with Suni.

We found Suni in the first enclosure, munching on the short grass and
lazily shifting from one foot to another. About thirty yards away two fe-
male southern white rhinos did the same thing. We stepped out of the Land
Cruiser, and Doyo grabbed some hay and waved it around to catch Suni’s at-
tention. Because Suni and the other northern whites at Ol Pej were brought
up in a zoo, they are used to humans and can be approached under the right
circumstances with great caution. Suni lumbered toward us, his head hung
low, until he got so close, within a few yards and no signs of stopping that
Doyo had to chastise him. “Suni, no!” he shouted. “No, no."” The rhinoceros
stopped and backed up a few steps to begin munching on his hay, but soon
the females were coming over to investigate what all the excitement was
about and Suni relinquished his treat to them. “They are very interested in
him,” explained Doyo. “But sometimes they are bullying him.” Doyo tried
to interest the girls in other fresh hay he spread nearby, but they seemed in-
tent on keeping Suni away from the food, sending up puffs of dust with their
stumpy legs as they chased him about. I hadn’t expected that we would be so
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close to the animals, and trying to dodge all three of them, with sometimes
only a small bush in between their hulking bodies and me, was making my
heart pound.

Wild rhinoceros have long had a reputation as ill-tempered, dangerous,
and stupid creatures. In a periodical about colonial Kenyan history, | read a
story about a rhinoceros charging a bus pulled over on the side of the road,
thrusting her horn with so much force it went straight through the metal.
Sport hunters considered them to have vicious tempers; they would destroy
a campfire on a malicious whim. In fact, rhinoceros are fairly docile vegetar-
ians that spend as much as 50 percent of their days snacking on grass and a
good part of the rest of their days napping. When I asked Kes what it was like
to watch rhinos in the wild, she chuckled and explained that initially it was
pretty boring work. Monitoring the rhinos involved a lot of sitting in tall
grass being cooked by the sun while the animals comfortably napped under
the shade of the only tree. To me, the rhinos seemed to have both sweet and
obstinate temperaments. They needed constant chiding. It was like being
around overly affectionate dogs that don’t know their own strength.

We made our way to the next enclosure, a 700-acre open plain where
Fatu and Najin were located. Kes expressed her disappointment at the way
things were being run. While all the females were staying in one place, Suni
and Sudan were being moved around from one enclosure to the next, making
it impossible in her opinion for them to establish themselves in a territory.
“It’s not reproducing the wild situation in a way that’s conducive to mating,”
she said. The enclosures needed to be parallel but separate from each other,
with the males stationary and the females being switched to stimulate their
estrus cycles. “That could help stimulate them to mate.” Doyo encouraged
her to appeal to the management committee. The rhinos had been in Kenya
for five years and nothing was working, so any new arrangement was worth
pursuing. As we stopped the vehicle, Fatu and Najin stood close together
about thirty yards away and stared at us before strolling over to see what we
were all about. From far away, rhinos look as though they are chipped out
of rock. Their shape is part bovine and part dinosaur, and the color of their

skin is a monolithic gray. Up close, you can see the skin is textured with
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ruts and cracks, like the surface of parched earth, and their horns are not
perfectly cylindrical but rather like a piece of wood that has been unevenly
chiseled to a point. Looking at Fatu, round like a Venus with sleepy eyelids,
long black lashes and miniature elephant tail, I thought that rhinos were the
most awkwardly beautiful animals I had ever seen. It seemed incredible that
evolution had produced a living thing so strange.

The mother and daughter finally decided to meander away; it was al-
most noon and time for a nap. They both lay down with surprising grace,
one arm and leg tucked under their body as though retired on a daybed. We
stood a short distance away observing them in silence. Kes seemed like she
would have contentedly watched them all day and into the next.

To my untrained eye there were no visible differences between northern
and southern white rhinos. I asked Kes about this, and she explained that
northern whites have developed distinct characteristics since they split from
a common ancestor a million years ago. They hold their heads higher and
have shorter head lengths and dorsal concavities, advantages in an ecosys-
tem such as that in Garamba where the grass grows so tall. “These char-
acteristics are worth preserving,” said Smith, whether it’s in iPSC lines or
by crossbreeding. Hopefully, rhinos will one day be returned to Garamba,
where the environment can once again select for their unique characteris-
tics. Within a couple of generations, it might be impossible for even a bi-
ologist like Kes to tell the difference between a northern white born in the
laboratory or one born in the wild.

Whether Garamba, the ecosystem itself, will be waiting for the rhinos
to return is a big question mark. A few years after the Smiths left the park,
the Lord’s Resistance Army, a Ugandan rebel group infamous for using child
soldiers and led by the brutal war criminal Joseph Kony, began setting up
camps inside Garamba, now managed by an organization called African
Parks, and poaching elephants for their ivory. Now, in addition to local and
Sudanese poachers, the Ugandan rebels were reportedly using helicopters
to wipe out fifty elephants at a time, many of them with a single shot to the
head from above. The DRC’s army began sending soldiers as reinforcements

to the park rangers, but it appears that history is repeating itself. Violence
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is spilling into the park from north, south, east, and west as paramilitary
groups rush to exploit the value of the animals within Garamba’s borders.
The situation today is arguably as bad as it has ever been, and this is true for
much of the wildlife throughout the African continent.

When Kes came to Africa in her twenties to fly airplane surveys, she
was part of a wave of passionate conservationists who came to study wild-
life, were changed by the experience, and never left. One evening at the
Smiths’ home, I sat around a dinner table with a few of their friends, in-
cluding wildlife filmmaker Alan Root and conservationist Rosemarie Ruf.
Ruf, a Swiss national, was traveling through Nairobi from the DRC, where
she has lived since 1979, with almost all of that time in the Ituri rainforest
trying to protect the elusive and chimeric creatures called okapis. These
animals are at least 6 million years old and look like a hybrid of giraffes,
horses, and zebras, with the behavior and temperament of shy, docile
deer. Illegal gold mining, civil conflict, and poaching within the reserve
threaten their existence. In 2002, Ruf’s husband, Karl, who directed the
okapi preservation project, was killed in an automobile accident in eastern
DRC. Then in 2012, six of Ruf’s staff and fourteen okapis kept in captivity
were massacred by a Mai Mai rebel known as Morgan, a cannibalistic war
criminal who liked to call himself Chuck Norris and was an enthusiastic
elephant poacher. Ruf happened to be away at the time of the massacre,
but she later found out that Morgan was disappointed she wasn’t there be-
cause he had hoped to publicly rape her. In 2013, the IUCN listed the okapi
as endangered. (The DRC government killed Morgan in April 2014.) In
Alan Root’s memoir, Ivory, Apes & Peacocks, he writes about how his life
in Africa “has run in parallel with a heartbreaking holocaust as wildlife
conservation has proved to be a disastrous failure. The reasons are many,
ranging from greed, myopia, and failed policies to the exponential growth
of the human population, which continues to sweep away wildlife and wild
places.” Sitting at dinner, it was impossible for me not to think about the
individuals around the table as testaments to the personal sacrifice and
tragedy that can befall those who commit themselves to fighting battles,

ultimately losing them.
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I revisited these thoughts again five months later when I heard that
Suni, the young rhino on which so many hopes were placed, died one night
in his enclosure at Ol Pejeta from natural causes. Soon after, a male rhino
in San Diego, Angalifu, passed away, and the northern white rhinos were
down to five. In an e-mail, Kes acknowledged the tragedy of Suni’s death
but didn’t express fatalism over the species’ future. She continues to believe
that there may be some northern white rhinos left in the DRC, not in the
park itself but in the outlying areas surrounding Garamba that are heavily
wooded. She was heartened in 2012 by a report of a rhino in Uganda, though
it couldn’t be substantiated. As optimistic as this might sound, the discovery
that some rhinos have survived against all odds wouldn’t be unprecedented.
There are in fact many instances of this sort of miracle in conservation,
when extinct animals reappear long after biologists believed they were gone.
In 2000, the Arakan forest turtle thought to be extinct since 1908 was redis-
covered in Burma. In 2009, researchers discovered three small-eared shrews
of southern Mexico, a creature not seen for 109 years. Recently, an insect
called a tree lobster thought to be extinct for eighty years was rediscovered
on a remote rock in the South Pacific Ocean. And in 2013 in eastern Borneo,
a wild Sumatran rhino, thought to have gone extinct in the area decades
ago, was captured on a grainy black-and-white video, a ghost in the for-
est oblivious to the wonder of its existence. Some 67 species of mammals
have been rediscovered in recent decades. These stories belie the mysteri-
ous resilience of some species to persevere against all odds. If you believe
in four-dimensional thinking, these miracles make a certain kind of sense.
According to perdurantism, the philosophical theory that says things persist
through their temporal parts, species could never really disappear and they
never go extinct. The space-time wormhole between a species’ existence in
the past and the present just gets longer and longer. The dead are only ever

further away from the moment in time they were alive.
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