have a theory, but first it helps
if you take off your clothes. Go
ahead and do it in the privacy of
your bedroom. Actually, I don’t
care where you do it. Your kitchen
is fine, even your living room. Stand there,
and consider your life. You are alone.
Well, almost. There are the mites that
live on your forehead. You’re also sharing your space with the hundreds of bacteria species that live in your gut, mouth
and everywhere else. Actually, the bacterial cells living on—and in—your body
probably outnumber your own cells. Oh,
and don’t forget about the fungi that live
in your lungs and hair. Now that I think
about it, you may even have a worm or two
sloshing about in your intestines. Many
of us do. The truth is that even when
naked, showered and scrubbed clean, you
have company. Thousands of species can
be found on an average, living, human
body—yours, mine, even the person who
bumps into you accidentally on the bus.
You are never alone.
The surprising thing about the wild
variety of life that lives on us is that, until
very recently, we didn’t realize it was there.
Until even more recently we thought it
was, well, bad—germy, the sort of stuff we
should wipe off. More to the point, even
30
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when we know a species lives on us, we
don’t typically know very much about it.
Nothing, really. I would argue that our
bodies are one of the least understood habitats on Earth, one of the last great frontiers. Why, when each year billions of dollars are spent to research humans, are we
still so ignorant about the species that live
on us? I have a theory.
But first let me take you back to the
kitchen (maybe you are still standing
there), to give you an example of how little we know about the species that live on
us. Consider for a second the mites that
live on your forehead. These mites crawl
in and out of our pores. They like to live
at the bases of eyelashes and in the nests
of your eyebrows. You may actually have
seen them on a hair you pulled. Each is
pale and slender—shaped something like
a candy corn, with a flat face and a long,
tapering tail. As I write, they may be having sex just above your eyes. Well, that’s an
assumption. We don’t actually know how
or where they reproduce, what they eat
or even if they are good for us, deadly or
merely hangers-on. We know more about
the surface of the moon than about the
biology of the mites high-stepping, right
now, over you and me. Now back to the
question of why.
I didn’t have a good answer until recently, when an irritated audience member at one of my talks inadvertently gave
me a clue. I was talking about the history
of biological discovery, particularly the
discoveries that have been in strange and
hard-to-get-to realms of life like the bottom of the sea, the bedrock beneath the
soil, or even sewage sludge or clouds. I
find these realms fascinating, but not everyone does. A guy in a yellow dress shirt,
with a tie and a scowl, asked, simply and
loudly, “Who cares?” Who cares, he meant,
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about tropical forest canopies, the bottom
of the ocean or the life in clouds. It wasn’t
a friendly phrasing, but it was a reasonable
question.
In responding, I thought about why each
of the discoveries I had discussed mattered
to us as humans, grumpy or otherwise. I
realized that nearly every single obscure
example, no matter how far removed from
our daily lives, had come to change fundamentally how we view ourselves. It was this
observation of the nearby consequences of
the faraway that triggered my thinking
about why we remain ignorant about our
own bodies, and, particularly, the species
that live on them.
My theory is that in looking at ourselves,
we pass over the things we have seen a
thousand times. It takes some out-of-the

common circumstance) or fleas. Leeuwenhoek was a draper and an odd-job sort
of guy. But he was also curious about the
world around him. He tried physics experiments in his house, but they were the sort
of thing that would get you a C-minus in
a middle-school science fair. Then, for reasons that remain unclear, he began to look
at the world through a microscope. He
spent much of the rest of his life with his
eye to a lens. What he is known for now is
the discovery of bacteria. But the truth is
that he, in essence, discovered the entire
microbial world.
Leeuwenhoek was an untrained amateur. Yet he made discoveries every day,
by looking at things like wasps and pepper grains under a microscope, discoveries that were interesting to him because
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Only when we imagine big discoveries are possible
do we tend to find big discoveries.
ordinary detail—a spot, a lump—to capture our attention, and even then we will
sometime pass over it. When the scowling
man looks at himself, he sees a body. It has
parts, bits and pieces he perhaps doesn’t
understand well, but he assumes someone
understands them. He also assumes that
when he scrubs himself, he is clean and
devoid of other life.
In contrast, when we look to the unfamiliar or faraway, we see realms in which
nothing seems understood and anything
is possible. We don’t overlook strange
observations. We don’t assume that, “Oh,
well, someone else knows what this is.”
Only when we imagine big discoveries are
possible do we tend to find big discoveries.
Often, they’ve seemed irrelevant at first: a
small observation in an unfamiliar realm.
But when we thought about them more—
sometimes over decades or even centuries—we realized they relate directly and
intimately to our daily lives.
Examples of this phenomenon abound.
In the 1600s, Anton Von Leeuwenhoek
lived in a world that viewed human bodies
as entirely devoid of other life, except when
they happened to be inhabited by lice (a

they were fascinating, even beautiful. He
had no idea they were useful. As it turned
out, humans have benefited from, and
suffered from, the world that he discovered for the entirety of our existence. He
discovered the world that included many
pathogens, but also the organisms that aid
in our digestion, brew our beer and produce the nitrogen we use in fertilizer.
In the 1970s, Carl Woese spent years in
his lab trying to understand the evolutionary tree of microbes. He, too, was doing
the work because he was curious. His task
would have been, to the scowling man,
ridiculous. He developed a method that
allowed him to compare, carefully, the
differences among microbes. He wanted
to order them according to their variation, like someone collecting and organizing shells at the beach. He was doing
the work despite the fact that even his colleagues thought him silly and his project
impossible. He was doing it because he
somehow felt as though he couldn’t rest
until he understood. Ultimately his work
revolutionized our view of the world. He
revealed a new lineage of microbes, the
Archaea. He had discovered a basic kind
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of life, a new domain. Today, there are just
three known domains of life: the Bacteria,
the Archaea and then the smallest group,
Eurkaryotes, which includes plants and
animals—everything that isn’t a microbe.
The Archaea was, at first, seen as an
obscure group, confined to deep sea vents
and cow guts. It was viewed as evolutionarily important, but practically irrelevant.
At least it was until Woese’s work allowed
us to see more clearly. That enabled us to
notice that Archaea live in nearly all of our
guts and mouths, where they sometimes
cause harm, but more often benefit. It was
an obscure group before it was found to
have enzymes of great value, enzymes we
use today in nearly every genetic test we
do, from the paternity test you can get at
the corner clinic, to the genetic work used
to solve crimes. It was an obscure group
until it was found to be nearly everywhere
important.
Anyone could have discovered archaea
living on your, my or any human body.
That no one had was simply because no
one thought to look.
As a young graduate student in the 1950s
and 1960s, Lynn Margulis studied the
green chloroplasts inside the green, single-celled life form Chlamydomonas. She
made observations that led her to develop
her theory of the importance of endosymbiogenesis (the coming together of two life
forms to form one new life form—think
peanut butter plus chocolate). The chloroplasts in Chlamydomonas were, she would
come to argue, the vestiges of an event
that occurred hundreds of millions of
years ago, in which one single-celled creature engulfed another and together they
both benefited. It was a fusion that would,
ultimately, lead to plants. It was a fusion
that allowed our world to go from brown
to green. And in discovering the origin of
chloroplasts, Margulis also revealed that
the mitochondria in my cells—yours, too;
those of all animals in fact—were also
once separate creatures. It was only after
her work—work aimed at understanding
an obscure, single-celled photosynthetic
creature—that we really began to understand our own cells. We realized, because
of Margulis’ work with Chlamydomonas,

that our entire existence is the consequence of an ongoing symbiosis between
two species in each of our living, sugarburning cells.
Many discoveries I had been talking
about—discoveries I had viewed as field
notes from faraway and poorly studied
realms (pepper grains, deep-sea microbes,
even an unassuming creature called
Chlamydomonas)—were in fact not just
relevant, but in evidence on the body of my
slightly hostile questioner. “You should
care, because they live on you, in each of
your cells, tissues, organs and crevices,”
I should have told him. The more I’ve
looked at big discoveries the more it seems
true, that no matter where they start, no
matter how obscure, they inevitably circle
back to relate to us.
But one discovery particularly dear to
me didn’t seem to fit the mold. A scientist named Terry Erwin had gone to the
tropics in the late 1970s where he spent
years using insecticide to fog beetles out
of canopy trees. He did this work because
he loved the beetles and wanted to understand their variety and evolution. Dead
insects fell out of the trees in great numbers into the buckets he had placed on the
ground below (though also down his shirt,
into his pants and nearly everywhere else a
half-dead bug might clamber). Erwin had
just been looking for beetles, but instead
found a revelation about the diversity of
the living world.
Erwin’s essential insight was to put
numbers to an idea that had occurred
to earlier biologists: “More is unknown
than known.” He estimated the number
of insect species in tropical forests on the
basis of a simple realization: As he went
from one tree species to the next, each had
different beetle species, butterfly species
and so on that depended on it. He imagined the world as composed of trees and
the species that depend on them. On the
basis of this vision, Erwin estimated that
there might exist 100 million tropical animal species on Earth, which is to say 99
out of every 100 species are unnamed.
(His critics believe that there may be
“only” 3 million—only 2 out of 3 species unnamed.) Erwin discovered many
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things—hundreds of new species of beetles, a new method for estimating diversity, and others—but his greatest discovery so far is how little we know.
What I realized was that Erwin’s revelation about the magnitude of life’s richness
was relevant not just to tropical forest canopies or other hard-to-explore realms, but
also our own bodies, even the body of the
scowling man. We are, like the trees that
Terry Erwin fogged in the tropics, connected to a web of other species, a web we
have yet to document well or even poorly.
Stand naked in your kitchen and no one
can estimate, even crudely, the number
of species in the room with you. Nobody
can tell you which of the species that live
in your gut are good or bad. No one can
tell you for sure what your appendix does,
though recent research suggests it might
be a storage organ for housing the good
bacteria on which we depend. What Erwin
discovered was a measure of the magnitude of our ignorance.
If we really internalized that measure,
it would make us look at everything in the
world differently. But we haven’t. So I suspect that it will remain true for a long time
to come that the biggest discoveries about
ourselves will come from looking far away.
In looking to the bottom of the ocean, we
imagine that ignorance is still a reasonable possibility. In looking at ourselves in a
mirror, we think it is inconceivable that we
could be almost completely ignorant about
what we see. We are wrong.
That was Erwin’s big discovery. That
is why I care about what he did, standing
out there in the tropical forest. A direct
measure of our ignorance fell all around
him. It pounded him with legs and antennae. Whether the scowling man cares is
a separate question, but I can guarantee
that, wherever he might be now, his body
is crawling with unnamed species doing
unknown things. He is, like the rest of
us—however much he grumbles and
scowls—part of a great biological frontier.
Just what will be revealed if this frontier is
ever fully explored is unclear—but history
suggests great potential.
Without time to consider it, I fumbled
the scowling man’s question that night in

the auditorium. But I did get one thing
right. I bet the audience that if they sampled all of the mites on the foreheads of any
moderately diverse group of 100 people
and then did genetic work on those mites
(using the enzymes from the Archaea that
Carl Woese discovered) they would discover a new species of mite. I know about
mites primarily from the ants I study.
These ants are host to many thousands of
species of mites, some of which live only
on their heads, some on their legs, some in
their nests. From the ants I knew to expect
mites everywhere and to expect them, at
each turn, to be more diverse than anticipated. So I made it a $400 bet: If anyone
did the research and didn’t find a new
mite on one of their friends’ or neighbors’
heads, I’d give them the money.
I should have upped the ante. Several
weeks ago, Nyeema Harris, one of my doctoral students, went to a mite conference.
She asked someone who has studied forehead mites whether he thought more forehead mite species remained to be found.
The answer was yes. Of course. In fact,
he already knew of a mite that no one has
ever bothered to name that lives in the corners of our eyes. “It is a pain to get out of
there, so no one has worked on it,” he told
Nyeema. So there it was and is, the new
mite, an unnamed animal species, on us.
We know it exists. But we imagine that
nothing important will come from knowing more about it. So the mite goes on,
mating, feeding and dying, only barely out
of sight, still unnamed, still unstudied. As
for whether that species has consequences
for us—good or bad, terrible or benign—
no one knows. It just goes on, eye to eye,
doing whatever it does. An unnamed species that awaits in our peripheral vision,
like most of life, clear evidence that the
closer our ignorance is to us, the harder it
is to see.
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