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EDITOR’S NOTE

Lost Worlds

BY KEVIN BERGER

HEN SUMMER PRAETORIUS, author of this issue’s cover
story, shared this photo of her brother, Jebsen, with me, I
was enchanted beyond belief. It’s like a Norman Rockwell

painting, I told her. It conjures up the boy’s entire world.
“It’s one of my favorite photos,” Praetorius said. Her mother walked
back to the house to get her camera when she saw Jebsen sleeping inside
the tire. “But it does give me a mix of emotions. It gets to the essence of
the junkyard identity we shared, but also depicts Jebsen’s vulnerability.”
Praetorius is a paleoclimatologist. She excavates sediments and fossils
to create portraits of the Earth we might see again in the future. With
the heat rising, the portraits may one day inspire humanity to cool down.
The seeds of Praetorius’ career were planted at the junkyard, owned
by her father, where she grew up in upstate New York. She and Jeb-

F

sen wandered through the woody
acres of rusted cars, school buses,
and boats. They were explorers of
lost civilizations.

Praetorius got hooked on geol-
ogy in the ninth grade. Her science
teacher, Jonathan Heiles, took the
class on a field trip to see a solid
rock wall along the Hudson River.
Its layers represented a sequence
that started millions of years ago.
“Realizing each layer was a specific
event, and that they could be pre-
served over that immense amount
of time, was a moment I’ll never
forget,” Praetorius said.

“The Great Forgetting” is an
excavation of Earth’s past and
Praetorius’ own. She juxtaposes
the arc of her science with the arc
of her brother’s life. The two nar-
ratives flow alongside each other,
crossing paths, culminating in one
of the most moving stories we’ve
ever published.
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Preludes

The Invasion of the Super Insects

NE DAY, ABOUT 60 MILLION YEARS AGO,

alittle leafcutter moth landed on an ancient

sycamore tree to lay eggs in its leaves. The

larvae grew, nestled inside a comfy enclo-
sure akin to a sleeping bag made between the leaf’s
thin layers. Once hatched, they ate their way through to
the surface and left to perpetuate their kin. Most of the
chewed-up leaves swirled down to the earth, decom-
posing shortly after.

But this leaf, along with a few lucky others, was
destined for something else, an unimaginable feat
verging on immortality. When it fell, this leaf either
sank deep into mud or was swept away by a flood-
ing river that buried it within the sediment layers.
There, tucked away from oxygen and the bacteria that
would’ve finished what the larvae did not, it survived
for millennia, becoming fossilized. It lay there, tucked
into the bedrock of obscurity, until one day scien-
tist Lauren Azevedo-Schmidt, who was working on
unearthing such relics, spotted it on a fossil bed in
Southern Wyoming.

Azevedo-Schmidt pried the leaf out of the rock with
a paleo pick and chiseled it out of the stone slab. In
her lab at the University of Wyoming where she was
working on her Ph.D., she put the fossilized leaf under
amicroscope and examined the remains of the prehis-
toric larvae’s handiwork, noting the damage done—the
round, hole-like pockets in which the creatures had
lived. Then she added the sample to the existing col-
lection of chewed-up and scratched-up ancient leaves,
which by the end of her doctoral work amounted to a
veritable forest: 77,763 specimens.

Within this “stone forest,” Azevedo-Schmidt and
her supervisor, paleoecologist Ellen D. Currano, doc-
umented different types of leaf damage—a concept
they describe as “damage diversity.” They found seven
types of miniature decimation, from holes to galls to
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piercings. Then they compared the leaf damage done
by the prehistoric insects to the destruction made by
the creatures of our era. The results flew in the face of
what they expected.

They found that compared to the insects from the
late Cretaceous period—about 67 million years ago—
modern bugs are doing an unprecedented amount of
damage to plants. The more recent leaves, handpicked
from modern woods and in existing herbariums—the
Smithsonian Environmental Research Center in Mary-
land; Harvard Forest in Petersham, Massachusetts; and
Le Salva in Costa Rica—were more chewed up, pierced,
and misshapen that those from eons ago.

Compared to prehistoric leaves, modern ones also
tended to be mangled in more ways. They had a greater
“damage frequency” as well—which meant that there
were many more chewed up and misshapen leaves in
the recent samples than in the ancient ones. This pat-
tern intensified in the past century, hinting that the
industrial revolution played a role.

“The difference in insect damage between the mod-
ern era and the fossilized record is striking,” says Aze-
vedo-Schmidt, now a post-doctoral researcher at the
University of Maine. They also found that the dam-
age levels have been rapidly increasing over the past
century. Herbarium specimens from the early 2000s
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were 23 percent more likely to have trees and crocodiles. Moreover, dur-
insect damage than those from the : ing the period from which the fossil
early 1900s. D | d h umans leaves were sampled, temperatures
That drastic difference in her- | N ad ve rte nt | y and carbon dioxide levels spiked

bivory levels, as researchers call it,
was especially strange to observe,
given the recent concerns about
dwindling insect populations and
fears over an insect mortality apoc-
alypse. “It was very surprising to
find such unprecedented levels of damage, despite
widespread insect declines,” Azevedo-Schmidt says.

Their findings, published October 2022 in the Pro-
ceedings of National Academy of Sciences, add an ominous
new twist to the environmental fate of plants and trees.
Today we need forests more than ever to sequester car-
bon and to convert carbon dioxide into oxygen to fight
climate change. But nations are razing forests to make
room for animal feedlots. Timber companies are run-
ning the chainsaws around the clock to supply wood for
houses, furniture, guitars, paper, you name it. Trees like
the mighty Dutch elm are being felled by a pandemic of
diseases. And now along comes the possibility that our
age is breeding swarms of super insects that are chomp-
ing their way through forests.

“Like all good studies, this one opened up a lot of
other questions,” says Rayda Krell, who studies the
interactions of insects and plants at Western Connecti-
cut State University. If the team had found that in the
past insects had been chomping down plants at simi-
lar rates, it would mean that since forests survived it
in the past, insects are unlikely to fell them now, she
says. “But instead, we find ourselves in a very uncer-
tain place.”

Azevedo-Schmidt and her colleagues don’t have
definitive answers about how we got here, but they
offer a few theories, rooted in the complex interplay of
climate change, invasive species, evolution, pollutants,
and selective pressures.

Perhaps there is a force, for example, linking climate
change to more voracious insects. Indeed, scientists have
linked warming weathers with increased crop loss from
insects. But, looking over the rock record, that dynamic
doesn’t explain the full picture, Currano says. The Paleo-
cene period, from which many samples were collected,
was so warm that today’s Wyoming was home to palm

insects?

produce super
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multiple times, but the leaves from
that era were significantly more
intact. “So if the insect damage was
only controlled by increased tem-
perature and increased CO,, we
should have seen the spikes in her-
bivory,” Azevedo-Schmidt says. “But we didn’t see that.”
That means that some other factors are making today’s
insects more rapacious.

Another possibility is the more recent rapid-scale
movement of insect species. After the industrial rev-
olution, people started traveling much more widely
than ever before—first by boats and trains and later
by automobiles and planes. They began carrying and
distributing—sometimes accidentally but many times
intentionally—plants, animals, and insects to new
places, facilitating the spread of invasive species that
often decimated native plants at a greater scale than
the insects that had co-existed with these plants for
centuries before.

The evolutionary dynamics between plants and
their eaters also favor the latter. Trees evolve slowly
while insects do so much more quickly. Trees grow
for decades and some can be centuries old, so they
aren’t particularly flexible when it comes to change. But
the bugs, with their typically short lifespans, are much
more adaptable to environmental changes, like tem-
peratures or a new food source. In this race for survival,
“plants just can’t keep up,” Azevedo-Schmidt says.

Ultimately, we might also be super-charging the
bugs even more directly. With the pesticides, insecti-
cides, and other toxic chemicals we use to exterminate
unwanted creatures that either destroy our crops or
otherwise annoy us, we kill off the weaklings. The sur-
vivors are the super-creatures with super appetites.
It is a phenomenon similar to superbugs of the germ
world—the more antibiotics we use, the more tough
and resistant microbes we breed. While we don’t know
if or how pesticides could influence insects’ hunger, the
survivors may have outsized appetites, the researchers
hypothesize. And these bugs don’t stop at the periphery
of agriculture. They often eat right on, into the forests.

KHRYSTYNA HURELYCH / SHUTTERSTOCK
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Does this mean we are looking into a bleak, leaf-
less future? Right now, we need our trees more than
ever—to sequester carbon and to convert carbon diox-
ide into oxygen to fight climate change. Scientists say
they are somewhat optimistic that we still can mend
things through fairly obvious remedies, such as curb-
ing chemical use.

But Azevedo-Schmidt hopes we might also get
backup from Mother Nature, who sometimes deploys
unexpected, 11th-hour self-regulating mechanisms.

She cites one example. Introduced to the American
continent in the 1800s with the idea of using it for silk
production, the larvae of gypsy moths can defoliate
large swaths of forests in the years when it hatches

What Makes Us Lucid Dream?

NAUTILUS

in abundance. But then a different biological force
arrives—a predatory fungus that essentially liquifies
the ravaging bugs. “It turns the caterpillars into this
green ooze that drips from the trees and gets all over
you,” Azevedo-Schmidt says. “So there’s kind of a check
and balance system,” she points out.

For her part, Krell puts some faith in human inge-
nuity to help clean up messes we’ve made. “As a popu-
lation, we’re so inherently innovative,” she says, that
we still may be able to save our forests from increas-
ingly insatiable insects. “We don’t give up, which is,
I guess, why we’re so successful as a species. So I
remain hopeful.”

—Lina Zeldovich

One question for Péter Simor, a psychologist who directs the Budapest Laboratory of Sleep & Cognition at Edtvas
Lordnd University in Hungary.

What makes us lucid dream?

Lucid dreaming is quite peculiar. We become aware
that we are dreaming. In normal dreaming, we lack this
reflective capacity. Lucid dreamers report that these
experiences are extremely vivid, fantastic, and percep-
tually immersive, like virtual reality. In our new paper,
we wanted to explain these differences in a model using
the predictive coding framework. The main idea is that
the brain is a prediction-generating machine.

Say I see someone in a dream. She’s probably my
sister. No, she’s my girlfriend. No, she’s my mother. My
brain is trying to make the best guesses of these images.
And there is no constraint, no bottom-up input coming
from the external world to fit or to shape these predic-
tions. So the brain is just jumping from one prediction
to the other. What we argue is that, in lucid dreaming,
this is different. I see someone that speaks, let’s say, in a
language that is different from the language that I know
she usually speaks. This creates a prediction error. And
I’'m not changing the identity of the person. Instead,
I realize, “Okay, something is not going on correctly
here.” This is a momentum for lucid dreaming, this
prediction error, that will trigger the insight that I'm
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in a dream. We call this a superordinate self model: “I
am dreaming. I'm lying in bed. But I'm having a dream
and I'm having these ideas.” This will create a top-down
model to which everything that is strange and surpris-
ing will be easy to accommodate.
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Lucid dreamers many times observe that they have
these extreme experiences, but they are not surprised
because they know that they are in a dream. Skilled
lucid dreamers can maintain this state, manipulate and
monitor their attention. There’s a concept called preci-
sion weighting, an important part of the theory of pre-
dictive coding. Precision weighting reflects the preci-
sion I assign to some kind of prediction error. Precision
weighting is usually quite low when we are dreaming.
We don’t really care if a house is really house-like. Its
shapes are sometimes strange. We don’t really have these
fine-grain details of the environment because precision
is extremely low. In lucid dreaming, it becomes higher.
Everything that we experience, let’s say visually, is rel-
evant. We assign strong precision to this information.
That’s why we really see the world as if it were quite real.

We hypothesize that, during lucid dreaming, we also
receive a lot of information from our body. We call this
interoception. We assume that this contributes to these
so-called autolytic experiences in lucid dreaming—that
people usually fly, levitate, or have these out-of-body
experiences. It’s possible that we receive extremely
strong vestibular inputs informing us of the moving
body. But at the same time, we also receive information

ISSUE 47

from our real body that is lying in a relaxed state in bed.
This proprioceptive information informing us, convey-
ing information of a body that is not moving, contra-
dicts the information that we feel that we are moving.
We have to solve this contradiction. We argue that the
solutions for that are the experience of flying or levitat-
ing, because that really accommodates this contradic-
tory information that our body is relaxed, but at the
same time it’s moving. We assign more precision to the
signals coming from our body, and this contributes to
these quite frequent flying experiences in lucid dreams.
Lucid dreaming is also useful for the treatment of
nightmares. Nightmares are also characterized by so-
called hyper arousal. Perhaps they assign more preci-
sion to lower levels of the processing stream. That’s
why people having a nightmare are frightened, because
they really see frightening scenarios, but they do not
realize that it’s a dream. Lucid dream techniques can
help them to emulate these experiences. This is also
something that researchers can examine and explore—
what happens in the brain when a nightmare turns into
a lucid dream. It’s a way to understand how cognition,

our nervous system, and brain work.
—Brian Gallagher

Why Your Brain Isn’t Into the Future

IVING FOR THE MOMENT gets a bad rap. If you’re
smart, people say, you should work toward a
good future, sacrificing fun and pleasure in the

T present. Yet there are good reasons to discount
the future, which is why economists tend to do it
when making predictions. Would you rather find $5
when you’re in elementary school, or in your sec-
ond marriage? People tend to get richer as they age.
Five dollars simply means more to you when you'’re
9 than when you’re 49. Also, the future is uncertain.
We can’t always trust there’ll be one. It’s likely some
kids in Walter Mischel’s famous “marshmallow exper-
iment”—which asked kids to wait to eat a marsh-
mallow to get another one—didn’t actually believe
that the experimenter would come through with the
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second marshmallow, and so ate the first marshmal-
low right away. Saving for retirement makes no sense
if in five years a massive meteor cuts human civiliza-
tion short. Economists call this the “catastrophe” or
“hazard” rate.

For Sangil “Arthur” Lee, a psychologist at the Uni-
versity of California, Berkeley, where he’s a post-doc, a
hazard rate makes sense from an evolutionary perspec-
tive. “You might not survive until next winter, so there
is some inherent trade off that you need to make, which
is not only specific for humans, but also for animals,” he
said. While an undergraduate, Lee experimented with
delay-discounting tasks using pigeons. The pigeons
would peck one button to get a small amount of pellets
now, or peck a different button to get large amounts of

MJGRAPHICS / SHUTTERSTOCK

How much should we care about
people who have not been born yet?

pellets later. “What we know,” Lee said, “is that across
pigeons, monkeys, rats, and various animals, they also
discount future rewards in pretty much a similar way
that humans do, which is this sort of hyperbolic fash-
ion.” We discount future rewards by a lot very quickly,
more so than we would be if discounting the future
exponentially, but the hyperbolic discount rate eases
after a bit.

What makes us discount the future? Lee, in a new
study with his colleagues, pins it at least partly on our
powers of imagination. When we think about what
hasn’t yet happened, it tends to be abstract. Things
right now, on the other hand, we think of in more tan-
gible terms. Several behavioral studies have supported
the idea that what we cannot clearly imagine, we value
less. We tend to have more intense emotional feelings
about things we can imagine vividly. Being depressed
doesn’t look like anything in particular, but a vision of
a diabetic patient on dialysis can be disturbing. In fact,
having depression is generally much worse than hav-
ing diabetes. Yet people tend to say they’d prefer to get
depression. Since future things are similarly thought
of more abstractly, we feel less emotional about them
and underestimate their value.

Lee and his colleagues confirmed this by looking
at people’s brain activity with an fMRI when they’re
making decisions about the future. They used a brain
decoder to detect a “neural signature of the vivid-
ness of prospective thought” and showed that “neural
measures of vividness decline as rewards are delayed
farther into the future.” Lee had people imagine things
that varied in how concrete or abstract they were, and
how pleasant and unpleasant they were. “We show
that when they see options that are farther in the
future, their neural vividness scores decrease,” he said.

On the face of it, this imagination bias, in which
future rewards appear less vivid, works against us,
because delaying gratification is so useful. A recent
analysis suggests that one’s general ability to delay
gratification, or to value future outcomes over more
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immediate ones, predicts greater success in life in a
number of areas. The question arises, if it ends up
being good for us to delay gratification, how far into the
future should we collectively delay?

This is a question the philosopher William MacAskill
takes up in his recent book What We Owe the Future. He
argues that we should treat the well-being of future
humans with the same value as present humans—no
future discounting, at least beyond the hazard rate.
“To see how intuitive this is, suppose that, while hik-
ing, I drop a glass bottle on the trail and it shatters,” he
writes. “And suppose that if I don’t clean it up, later a
child will cut herself badly on the shards. In deciding
whether to clean it up, does it matter when the child
will cut herself? Should I care whether it’s a week, or
a decade, or a century from now? No. Harm is harm,
whenever it occurs.”

Future discounting leads to mind-boggling (and
perhaps absurd) conclusions when we look into the
past. The philosopher Toby Ord writes, in his book
The Precipice, that “... King Tutankhamun would have
been obliged to value a single day of suffering in the
life of one of his contemporaries as more important
than a lifetime of suffering for all 7.7 billion people
alive today.” One of the reasons this seems so absurd
is because the present, unlike the future, offers many
more opportunities for being certain. We know that
there are billions of people alive today who can suffer,
but Tutankhamun couldn’t have known that.

MacAskill and others are concerned about what the
discount rate should be because it is important for the
decisions we make about the world—how much should
we care about people who have not been born yet? One
might be tempted to think that science could resolve
this issue, but alas, it cannot. Although we might get
better at knowing the uncertainty associated with the
future, and get a more accurate hazard rate, how much
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we should discount based purely on time is not a sci-
entific question. It’s a question of values.

Lee’s experiment shows that these values are affected
by things, like how concretely we can imagine something,
that, on reflection, should be irrelevant: We shouldn’t
value something less just because it’s harder to imagine.
Of course, this doesn’t have to mean that valuing far-
into-the-future outcomes highly is out of the question.

One way we can fight this bias is by deliberately
trying to imagine the future more vividly, rather than
just using our default imagination. Here is where we
can get some support from the arts—science-fiction

ISSUE 47

movies and vividly written novels provide us with
images that seed our imagination, which we can use to
make possible futures more concrete. Star Trek helps
us see an optimistic view of the future. Ready Player
One helps us visualize what a world might be like if we
spent almost all of our waking hours in virtual reality.
And dystopian future scenarios can help us visualize,
and feel more emotionally about, the risks of human-
ity’s future.
Science fiction makes future scenarios, be they
hopeful or frightening, harder to dismiss.
—Jim Davies

How It Feels to Surf the World’s Biggest Wave

HEN YOU FIRST SEE the leviathan arch

of the world’s biggest wave tower over

the cliffs of Nazaré, Portugal, its crown

of angry froth exploding onto itself, you
might wonder if it isn’t the tongue of God come to
swallow the Earth.

Surging vertically up to 100 feet just behind an ancient
lighthouse, the wave has all the menace of a massive tsu-
nami, but unlike a tsunami, it can be surfed. When condi-
tions at Nazaré are right, in the months between October
and March, modern-day Prometheans zipper down the
black well of the wave’s face, chasing the violent edge of
the crest’s shadow, hurtling desperately toward the light.
For big wave surfers, it’s the ride of their lives.

“The amount of speed you get going down those
waves is incredible,” says Maya Gabeira of Brazil. (About
45 miles per hour.) “The water is changing under your
feet as you’re going down. You have to navigate, do
jumps, a lot of adjusting. It’s very instinctive and very,
very intense. On the really big waves, there’s a noise
that’s indescribable. When the lip of the wave breaks and
it hits the bottom, it’s like an explosion. It’s like a bomb.”
At Nazaré, Gabeira has broken the world record for the
biggest wave ever surfed by a woman: 73.5 feet.

Nazaré is like no other wave on the planet. Since
2011, when it was discovered by the big-wave surfing
community, it has become a mecca for surfers seeking
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THE BIG ONE Maya Gabeira surfing at Nazaré, from the
film Maya and the Wave.

to test their nerve, skill, and luck on the ocean’s version
of Mt. Everest. Massive surfable waves 70 to 8o feet
high form in just a handful of spots around the world.
In each case, a dramatic rise in the sea floor close to the
coast concentrates swell energy, thrusting the water
upward into a monstrous crest that breaks as it rolls
toward the shore. But Nazaré consistently produces
the biggest waves in the world—five of the six biggest
waves ever surfed were at Nazaré, including the Guin-
ness World Record of 8o feet.

Three major forces combine to make Nazaré such a
monster wave machine, says Falk Feddersen, a profes-
sor of physical oceanography at Scripps Institution of
Oceanography and a surfer himself. “Massive storms
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that cruise by Greenland and Iceland—their wind
energy is pointed directly at Portugal,” Feddersen says.
These storm swells off Portugal are then magnified by
two major geological features that converge at the Naz-
ar¢ cliff: the biggest and most dramatic underwater can-
yon in Europe, deeper in places than the Grand Canyon,
and a huge headland that juts into the sea.

When Nazaré reaches its most dramatic heights,
it is typically the result of two waves converging and
amplifying one another—up to five times their natural
size in deep offshore water. A 15-foot swell at sea can
result in a 75-foot wave near the shore. The effect is
produced primarily by the submarine canyon, which
narrows as it approaches the coastline. Winter storms
drive water into the canyon, which extends 16,000 feet
below the surface and stretches 140 miles along the
continental shelf into the sea. Storm swells build as
the sea floor grows shallower, and when a wave hits the
canyon walls at the right angle, it refracts back into the
part of the swell that does not run through the canyon,
sending a volcano of water skyward and producing the
massive tongue shaped peak. A powerful current that
runs north along the shore also acts as a barrier to the
swell, which further amplifies the wave. Then there is
the headland, which juts into the sea and refracts wave
energy on either side of it, amplifying the wave even
more, though to a much lesser degree than the canyon.

The height of the wave, and where it breaks, depend
on many factors, including which direction the storm
swells are coming from, the energy in those swells,
and the distance and time between one wave and the
next. Wave heights are most amplified when swells
come from the west/northwest and are “long-period,”
meaning they feature longer time periods of 15 seconds
or more between waves. These long-period swells are
produced by strong prolonged storms and accumulate
more energy as they move through the ocean, travel
faster, and break with more kick.

Many big wave surfers, including Gabeira, live or
winter in Nazaré so that they won’t miss a single wave.
It’s difficult to know exactly what to expect in advance.
Wave forecasting is a difficult art—forecasts of wave
height are often off by as much as 50 percent. Forecasts
are getting more precise as the data inputs multiply and
modeling technologies get more powerful. Forecasters
used to rely exclusively on satellite data, ship and buoy
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“When the lip of the wave breaks and it
hits the bottom, it’s like an explosion.”

observations, and maps of the seafloor. In recent years,
supercomputers and artificial intelligence technologies
such as machine learning have allowed them to include
inputs from currents, sea ice, and weather models, as
well as surf cameras and even social media accounts.
Scientists are also getting better at collecting data from
inside severe storms.

The future could bring even bigger waves, as climate
change sets off more severe storm events. How big? It’s
hard to say. The energy in a wave is the square of the
wave height, as a rule of thumb. A storm that is twice
as powerful would produce a wave that is 50 percent
bigger. Storms, and therefore waves, will also be more
unpredictable.

Nazaré can already be unpredictable—it can break
almost anywhere, which means that, unlike most other
big waves, there is no channel or safe zone to which
a surfer can escape if things go awry. In 2013, on her
debut ride, Gabeira nearly drowned after she wiped
out, lost her life jacket, and was knocked unconscious
under an avalanche of exploding white water. It took
four years and three spinal surgeries before she could
return. Doctors and her surfidols Kelly Slater and Laird
Hamilton told Gabeira to quit. Of course, she didn’t
quit. (Her story is the subject of a new documentary,
Maya and the Wave.)

Fear is always present at Nazaré, Gabeira admits,
but “fear is very important because it will protect your
life,” she says.

Focus on a yo-foot wave is everything. “I'm very
present at the moment, I'm completely focused,”
Gabeira says. But the biggest thrill for Gabeira is the
moment when she reaches the bottom. “When you get
to the bottom of the wave, you're reaching the peak
of speed,” she says “For me that’s the most exciting.”
You hear the explosive power of the wave breaking all
around you, but you have already triumphed—over the
wave, over the phenomenal power of the ocean, over
your own wild and ferocious heart.

—Kristen French
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The Great Forgetting

Earth is losing its memory

BY SUMMER PRAETORIUS

T HAD ONLY SNOWED a dusting the day before, but my

brother Jebsen had gone snowboarding at the local hill

anyway. He and his friends had discovered a secret spot

behind a small shopping plaza in Saugerties, New York,
where they would build jumps on an undeveloped hillside in
the woods. The packed piles of snow were more resistant to
melting, so all they needed was a thin layer to freshen things
up and they would disappear there for the day.

As my mother and I pulled up to the curb to pick him
up, I noticed an unusual tiredness hung in his hunched
shoulders. He had a dull stare that seemed to barely register
our arrival, and his snowboard was sprawled halfway into the
parking lot, as if he couldn’t be bothered to tend to it.

Slumping into the back seat, he complained of a head-
ache. It came out a few miles down the road that he had hit
his head on a rock and blacked out after going off one of the
jumps. He said he wasn’t sure how long he was out for, but
when he regained consciousness, he decided to shake it off
and keep snowboarding with the guys for the rest of the day.

I could hear my mother’s deep inhalation, her eyes
flipping up to assess him in the rearview mirror. “You prob-
ably have a concussion,” was her matter-of-fact assessment,
masking the sudden tension that had set in. Back then,
concussions were viewed as unfortunate but passing injuries,
and Jebsen had many previous concussions that seemed to
resolve just fine. Rather than view his prior record as a risk
factor for more serious brain damage, it was easier to see it
as evidence of resilience. “You should take it easy for a few
days,” my mother said.
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This is what the
paleoclimate
archives provide:
They show us how
the real world
breaks.
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At a stoplight, however, we noticed something different this time. When
my mother mentioned events of the previous day, Jebsen didn’t know
what she was talking about. I laughed, thinking he was kidding, but when I
swung my head back to exchange a smile with him, his face was slackened
with confusion.

We volleyed back and forth on the way home, checking the big stuff
first—names, people, places—until we homed in on the line that divided
his intact memory from the events that had been swept clean: two weeks.
The past two weeks of his life had been eroded at a sharp contact, like an
underwater turbidity current that sweeps off the topmost sediment as it
barrels downslope.

I'was relieved that everything important, everything central to his iden-
tity, was still intact. On the surface, it seemed a minor loss, an otherwise
mundane cache of daily routines. But it would be a lie to omit the unease
I felt emanating from that scarp in his memory. It was like a sinkhole that
suddenly pockmarks the ground; we rope it off with caution tape and cones,
trying to reassure ourselves that the dangers have been safely delineated.
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As a paleoclimatologist, my work revolves around the tenet that the
past provides context and constraints for better understanding the future.
Knowing how much the planet warmed when atmospheric carbon dioxide
was as high or higher than it is today provides insight into the possible
future trajectories of climate under rising greenhouse gases.!

Earth records provide us with this information: Ice cores, tree rings,
ocean sediments, stalactites and stalagmites in caves, growth rings in cor-
als, tusks, and mollusks. These archives accrete memories on time periods
varying from months to millions of years, allowing us to see a spectrum of
Earth changes on various temporal and spatial scales—how biology, ocean,
and ice respond to climate change in signature patterns, and the points at
which those systems are pushed past thresholds.

This is one of the most important insights that paleoclimate archives
provide: They show us how the real world breaks. How resilience folds
into catastrophic failure. They show us the edges and asymmetries of
the climate system: the thresholds of tolerance in ecological networks;
the slow steady slog of diversification and the quick ax of extinction; the
long timescales it takes for ice sheets to grow—accumulating million-year
memories—and how fast they can melt, puddling history into storm surges
that erode the banks of our futures.

As T watch the unfolding of extreme events across our planet, I find
myself continuously relocated to that moment in the car with my brother.
The sense of fracturing that ripples from a single shock event, even if the
full extent of damage is yet to reveal itself.
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We didn’t go to the hospital that day
after my brother’s snowboarding acci-
dent. We went home instead. My mother
cooked dinner. Jebsen retreated to his
room to lie down. But from that point
on, he continued to retreat farther and
farther from us.

The signs were subtle at first. He lost
weight. He became more withdrawn,
more angry about the world’s injustices,
but it was hard to tease out what was
the normal moodiness of a teenager and
what veered off into stranger territory.
He had been reading Krishnamurti at the
time, and he seemed to take on the man-
tle of an ascetic—most acutely with food
and eating, which he suddenly viewed as
a grotesque act of consumption. I tried
to be an ally, but everything I did was
wrong—the simple act of eating dinner
disgusted him.

One day, I came into the kitchen and
saw him pouring orange juice onto our
potted orange tree. When I asked what
he was doing, he told me the tree would
grow better if given more of the nutri-
ents it needed to produce its fruit. “I
don’t know if that’s how it works,” I said,
a younger sister still afraid to contradict
her older brother. “It might not be good
for the soil.” He looked at me for a long
time from across the room, more in pity
than rebuff, and I could feel his eyes start-
ing to perceive me as an outsider instead
of a sibling who had shared the same cha-
otic upbringing.

On weekends, the two of us would still
go to the junkyard where we grew up to
work odd jobs for my father. But Jebsen
became increasingly unreliable, unfo-
cused, and when my father found him
huffing gasoline one day, he kicked him

Figure 79, —Section of wall in the Grand Cafton.

EARTH AMNESIA The Great Unconformity (near the y above), a
massive gap in the geologic record, was noted in 1875 by pioneering
American geologist John Wesley Powell, in the Grand Canyon.
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OUR BACKYARD In 2017,
author Summer Praetorious took
this photo in the junkyard where
she and brother Jebsen grew up,
played together, and worked for
their father.

off the junkyard and told him he wasn’t allowed back until he got his act
together. My father thought it would shock the sense back into him, but
for Jebsen it severed a touchstone of his identity.

As kids, the two of us were often left to navigate the treacherous, lost
world realms of the junkyard together—acres of vine-encrusted carapaces
of old cars, broken school buses, and rotting wooden ships, all scattered
around the swamp and bluestone cliffs that ran through our property in
upstate New York. We pillaged for presents for my mother in trunks of
cars and burned-out trailers. We skated the swamp in winter, shoveling
labyrinthine paths around the trees and root islands. We pretended to
drive the crumpled convertibles and sail the ships that slowly filled with
the soil of fallen leaves. As hostile a place it may have seemed to outsid-
ers, to us the junkyard was an island of consistency, a comforting place
with the aging faces of the cars that had stood watch over our childhoods.
To be banished from the junkyard was to send my brother out to sea.

In geology, an “unconformity” represents an aberration in the nor-
mal accumulation of sediment, a glitch in the record-keeping of Earth’s
history. “A stratum of amnesia in the geological record, where overlying
rock, significantly younger than what lies below, represents some break
in an otherwise continuous story of formation,” is how writer and poet
Kim Stafford defined it.2

The longest lacuna in Earth’s history is known as the Great Unconfor-
mity. It represents a temporal gap ranging from a hundred million years
to over a billion years, depending on the location. It’s visible in the Grand
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Canyon as the boundary between the Precambrian Vishnu Schist and the
Cambrian Tapeats Sandstone, between which there is a billion years of
missing time between about 1,600 and 600 million years ago. Looking at
this line in the strata, it is hard to fathom all that would have conspired
across that vast gulf of time, for which there is simply nothing. If it were
instead to have been the last billion years that was erased, it would oblit-
erate the entire history of complex life. No trace of a single animal having
ever walked the land. No dinosaurs, no whales, no humans, no pyramids.

How does a billion years go missing? The Great Unconformity has long
been a geological mystery, in no small part because it is a challenge to
reconstruct history when records of history are missing.

It turns out, ice sheets are good shredders. Recent research?® suggests
that the Great Unconformity may be a result of Snowball Earth—when
the planet descended into deep cold (about 700 million years ago), and
glaciers covered most of the land. A billion years of history was ground
down by ice and bulldozed into the seafloor, where it was subducted into
the Earth’s mantle and recycled into magma, ready to be remade into new
history—albeit with a few hidden remnants of the past stored safely away
in subterranean crystals.*

While the erosive action of ice sheets may have been responsible for
the largest unconformity in the Earth’s lithosphere, ice sheets themselves
are some of the best memory banks on our planet. Greenland stores over
100,000 years of history. Antarctica stores over a million. These ice sheets
are written by the daily weather, each snowstorm condensed into the
jagged rhythms of ice age cycles that steadily build into mile-high moun-
tains—the great brains of our planet, perched on the poles.

Ice sheets can recall the large volcanic eruptions that occurred through-
out their lifetimes and the turn of the weather those years. Antarctica
remembers the levels of carbon dioxide in the atmosphere 800,000 years
ago and its natural variations since—the consistently bounded maximums
and minimums of glacial and interglacial cycles,® and the harrowing depar-
ture from those bounds in recent decades.® Greenland remembers when
Romans started smelting silver, as the toxic lead dust settled over the ice;
it knows too when Rome fell, from the cessation of this dust.” Information
is best preserved on ice.

But the world’s glaciers are now hemorrhaging their histories. Moun-
tain glaciers are peeling at their edges like smoldering paper, while Green-
land sweats off a million tons a minute.® On bad days, it is enough water
to submerge entire states.® Between 1994 and 2017, 30 trillion tons of ice
have been lost globally,'® and things are just starting to heat up. In August
of 2021, it rained on the summit of Greenland. A melt layer will form to
mark the event—a dire sign for the top of an ice sheet. Coastal areas along
Greenland have become too slushy to drill into, preventing scientists from
retrieving ice cores in those regions, rendering its history inaccessible.!

Antarctica has been the slowest beast to awaken, but the icy tentacles
that reach out to moor the giant are starting to slip. These floating ice
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How does a billion
vears of Farth's
history go missings

LOST WORLDS The rise of
global temperatures is dismantling
valuable climate archives stored in
Earth’s glaciers.

shelves extend out from where the ice sheet is grounded to the bedrock,
helping to stabilize the interior, but now they are starting to weaken from
the forces of ocean warming and rising seas. As the ice shelves disintegrate
into the ocean, the ice upstream accelerates its descent, increasing sea level.

In 2022, double heat waves hit the Arctic and Antarctic, temperatures
soaring close to 40 degrees Celsius higher than usual. The Conger ice shelf
in East Antarctica said its final farewell following this heat wave. West Ant-
arctica has long been considered the more vulnerable to near-term ice shelf
loss, but now, even the East is starting to show its fray. Heat makes easy
work of forgetting.

Months went by as my brother’s condition continued to deteriorate,
but all attempts to get him to see a doctor had failed. When he turned 18,
my mother couldn’t force him to go despite her efforts. Emaciated from
self-starvation, his head bent over, he looked like a ghost of his former self.
Any attempts to nudge him toward help were met with slammed doors and
further retreat.

As I came back home one day from a hike in the woods, I noticed a wall
of blackberries covering an old fence at the campground next to our prop-
erty. I remember the distinct feeling of hope I had at the sight of them, the
momentary illusion of a solution. I thought Jebsen would gladly eat the
berries because they were wild and didn’t cost anything, so I hurried home
and got a colander to collect them.
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I knocked on his bedroom door, my colander full to the brim of black-
berries. “Look what I found across the street,” I said, holding out the
berries as a peace offering. He looked up at me and met my eyes for the
first time in months. “What will the birds eat?” he asked, searching for my
decency. So I took the colander full of berries and flung them back outside,
along with my hopes of him getting better.

By autumn, my mother gave him an ultimatum: Go to the doctor or
move out of the house. He left instead, disappearing into the autumn chill
without so much as a warm jacket. A few weeks later, my mother found
him living in our uninsulated outdoor basement. He had been sleeping
on the ground next to the water heater, surrounded by mouse traps. She
took him back in, thankful he was alive.

We hobbled along for a few more months, in the limbo of knowing
something had to give. Finally, one night my mother told me, “It’s going to
happen tomorrow. Uncle Bill is coming. And dad. The police will come.”
When I got off the school bus that day, Jebsen wasn’t home. He had been
committed to a psychiatric hospital. I asked my mother what happened,
but she just shook her head. “They had to restrain him,” was all she said.
In the following days, he was diagnosed with schizophrenia.
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MEMORY BANKS Etarth’s ecosystems have deep
memories that allow them to recover, like the hidden
seeds in a forest that sprout after a wildfire.
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In the biosphere, resilience is deeply entwined with
memory—it is the ability of a system to find its way
back to an equilibrium state following a perturbation,
which requires memory of previous states. For exam-
ple, ecological memory in forest ecosystems can be
thought of as containing “information and material
legacies” that map out adaptive strategies to distur-
bances such as fire, drought, or temperature changes.'?
Material legacies include seeds that sprout after a fire
and dead logs that become home to plants and fungi.

Material legacies, however, can be lost or dimin-
ished as environmental conditions change. Often those
changes are driven by humans, such as the extinction
of species or the introduction of invasive ones. Those
changes can generate a “resilience debt,” the reduced
capacity of a system to recover. That debt, though, is
apparent only after an ecosystem is disturbed. Given
that ecosystems naturally respond slowly to envi-
ronmental changes, from decades to centuries, those
changes to observers may be mistaken for resilience,
making it difficult to predict future responses to new
perturbations.

JULIA SENKEVICH / SHUTTERSTOCK
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The importance of memory isn’t just in the information it con-
tains. In the Earth system, components with large memories act as
buffers to short-term variability. They are a form of inertia, slowing
the initial response to a perturbation. Oceans absorb atmospheric
heat and carbon dioxide; forests cool their environments through
carbon uptake and evapotranspiration, a process that transfers
water back into the atmosphere and helps to stabilize the hydrologi-
cal cycle.?? Ice sheets keep the planet cool through their high albedo,
a measurement of how much light is reflected by their surface. As
the ice sheets melt, more solar radiation is absorbed by Earth, driv-
ing up temperatures and increasing melting in a positive feedback.

But the complexity of memory is also what sets it up for failure
when it is pushed past its limits. The same structure that can stabilize
in the face of small perturbations, can topple catastrophically when
the rates and magnitudes of change become too great.

Before a tipping point in a complex system, there are early warning
signals that may be detected.!* The most widely applicable of these
early warning signals is “critical slowing down”—the phenomenon
we are all familiar with before our computer crashes, and rather than
heed the implications of this slower processing power, we jam at the
keys in frustration, doubling down on our demands until the com-
puter blacks out. These are the times information is most likely to be
lost if it hasn’t been secured in long-term storage.

Critical slowing down indicates the system is losing its ability to
attain its previous equilibrium and is instead becoming attracted
or pulled into an alternate state. It is a loss of resilience, a loss of
the negative feedbacks that help keep a system rooted in stability.
Various subsystems that are sensitive to thresholds—such as the
Amazon rainforest—are already showing signs of critical slow-
ing down.1s

Given the complexity of the Earth System, it is hard to fathom
the extent of information loss currently underway. There are, how-
ever, attempts to quantify the memory loss in the Earth System.

In one model, where anthropogenic CO, emissions are the
stressor, and the strain on the system is the ability of the land and
ocean to sequester carbon, researchers show the latter is inherently
slower than the former. They estimate that 60 percent of Earth’s
memory had already been degraded by 1959, and that the ability for
Earth to build-up memory has been impaired, reducing its capacity
to respond to stresses within its natural stress-strain regime.!¢ Esti-
mates of persistence in this model—akin to critical slowing down—
are increasing, signaling a departure from the bounds of Earth’s
natural regime well before 2050, if the stressors of rising atmospheric
carbon dioxide continue their current trajectory. The ocean is under-
going memory loss too, increasing variability and reducing predict-
ability of future temperature patterns.'”
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The intractable problem we face is the asymmetry of timescales: It
takes time to build memory, but it can be erased in a geological instant.
Like so many things we take for granted, it is difficult to see these stabiliz-
ing forces until they are gone. As we untether the anchors of the past, the
future becomes unmoored.
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Jebsen’s health and memory continued to deteriorate. During one
low point, he stopped taking his medications and was kicked out of the
house where he had been living. For weeks he was homeless, somewhere
in the woods of Phoenicia, not answering calls. When he resurfaced, my
cousin, aunts, uncles, and half-brothers pooled resources to put him up
in a motel. I was on the West Coast, with a young child, unable to visit
often. But we talked on the phone regularly. I could hear in his voice that
his health was worsening, but he made me promise not to get the doctors
involved anymore.

Every time we talked, he would recount the same few stories, as if
everything else had been whittled away, leaving only the unerodable core
of his memories. Most were from the early days, the junkyard days. Many
involved some sort of peril—the time I got stuck in my father’s van, rolling
backward down our driveway as Jebsen ran alongside, urging me to jump
out the window, or the time my father’s finger got sliced off by a falling car
window and he asked Jebsen to go get some paper towels from the house.
He would end the story by saying, “Uh, Dad, I think you’re going to need
more than paper towels,” and we would both laugh.

A few months before his 39th birthday, Jebsen died of cirrhosis.

The bounds of Earth’s memory are being severely tested. Biodiversity
is in stark decline.'® Complex ecosystems that contain libraries of genetic
information—potential medicine cabinets for ailments yet unleashed—are
being degraded into monocrops. Rates of extinction in recent decades are
10 to 100 times greater than the last 10 million years and over 1 million
species face extinction in the coming decades. Extinction represents the
ultimate memory loss: an end of the line for information that had been
continuously transcribed in the Earth’s living library for hundreds of mil-
lions of years.

Wildfires are razing ancient forests and entire towns—thousand-year
histories contained in towering redwoods mixed with decades of human
history, billowing in pyrocumulous clouds that puncture the stratosphere
like volcanic eruptions. These charred landscapes are everywhere in Cali-
fornia: Burn scars reach from the Santa Cruz Mountains to the ocean.
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[ wanted to believe
in the limitlessness

of resilience.

The ridges of northern Sonoma look like a shaved dog’s back of bristled
matchsticks. Crows perch in black snaggle Manzanita. Charcoal limbs are
scattered at broken bone angles through the Echo Summit pass, the only
evidence of the houses that once stood are the stone chimneys standing in
ashes, like ancient cairns in abandoned landscapes.

Everywhere on Earth, amnesia is smoldering. Ash from our most ancient
libraries is raining down on us, lofted into toxic smoke that circles the
globe, darkening glaciers that accelerate their melting, sending thousands
of years of history pouring into the ocean, where it steadily rises up to erode
the banks of our futures. Those who can’t shake the shivers of ill ease are
the ones who have always sought wisdom from the past, and suddenly there
is an eerie silence—stumps of history, no longer talking back.
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While I can never know whether the snowboarding accident was directly
linked to Jebsen’s schizophrenia, when I think back to the tragic turn of his
trajectory, I fixate on that moment in the car when he first showed signs
of amnesia. I fixate on our immobility; on the lack of actions we took to
assess the larger damages that may have been hiding beneath that hole in
his memory. It wasn’t for lack of concern, but a lack of money that kept
us away from hospitals, and an excess of momentum that kept us rutted
in the daily grind. I plead with my former self to encourage my mother to
take him to the hospital. I even imagine that I am the source of ill ease I felt
that day, peering back at my past with such unforgiving that I have burned
a hole straight through spacetime.

Even if we couldn’t have changed the outcome, we would have tried,
and maybe we would have been more prepared for what was to come. We
wouldn’t have ignored the troubling signs that were easy to overlook in
their progressive slippage, until one day, he was skin and bones, hunched
and mumbling, unable to look me in the eye, and all I could ask myself was:
How could I not have seen it all unfolding? The answer is that I did see it,
but I wanted those warning signs to be aberrations; I wanted to believe in
the limitlessness of resilience.

Near the end of Jebsen’s life, he shared one memory that was different
from all the other stories he normally retold. It was about a road trip from
Oregon to Northern California with my mother and me—the only time
he ventured west. We were headed to Mt. Shasta but made a diversion to
Humboldt Redwoods State Park to see the giant trees. What I remember
from that day was how quiet Jebsen was, and I assumed he was anxious
from the challenges of traveling.

But in one of our final conversations, he recounted vivid details of driv-
ing through the Avenue of Giants, the tallest trees in the world. I was sur-
prised by the clarity of this memory and mentioned how I had interpreted
his silence as disinterest at the time. He corrected me, saying, “No, those
trees were just the most amazing things I’d ever seen in my life.”

SUMMER PRAETORIUS is a paleoclimatologist who uses ocean sediment records and
marine microfossils to reconstruct past changes in ocean circulation and climate. Her
work focuses on understanding the causes and effects of abrupt climate change in the
Northern Hemisphere, with a focus on the Pacific Ocean.
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What the Tiny Cluster of Brain
Cells in My Lab Are Telling Me

Ive created organoids that, surprisingly,
have a lot to say about how the brain works

BY KENNETH S. KOSIK
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Y FEELING WAS NOTHING LESS than elation. Tal Sharf, one of my post-
doctoral fellows, called me from my neurobiology lab at the University
of California, Santa Barbara, with the news that a tiny blob of tissue
resembling a brain was talking in the only way it could. It was producing
indecipherable electrical squiggles on a computer screen.

I was in a planning meeting for a class designed to
link neuroscience and the humanities. My colleagues,
professors in the art and music departments, were puz-
zled and curious about the enthusiasm written on my
face. Wanting to keep the discussion grounded in sci-
ence, not science fiction, I began to explain.

The tissue blob was called a brain organoid. It began
as a biopsy from the skin of a donor and was planted on
a culture dish. Four critical genes encased in a dagger-
like microscopic vehicle were driven into the skin cells
to erase their memories of having been skin, and then
reprogrammed as stem cells. Stem cells, the source
of the diversity among cell types in the body, from
liver cells to hair follicles, from lung cells to lacrimal
cells, have the potential to become any cell type in the
human body.

My postdocs and I gently prodded the cells to
become brain cells by providing the necessary chemical
growth conditions in their fluid bath that guided them
toward a neuronal fate. We injected a drop of these cells
inside a gel-like matrix so they could grow into a three-
dimensional shape rather than grow conventionally on
a flat surface like characters in Flatland. Once in this
new dimension, the diverse cell types shape themselves
into the layered organization that loosely resembles, in
miniature, a developing human brain, filled with ten-
tacular axons coursing among the branches and twigs
of tree-like dendrites dotted with synapses.

My humanities colleagues were fascinated. Was
there a fragment of consciousness locked inside this
tissue speck, a whisper from the genes of the donor? I
momentarily ignored such fantastical misconceptions.
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My project was motivated by the brain as unknown
territory, and the unknown has an allure that lies deep
in human nature. In particular, we had undertaken a
search for a core network, an intrinsic coding system
in the organoid that could be applicable to the human
brain. Less lofty, more practical motives also drove my
interest. Organoids provide a platform for drug dis-
covery and disease modeling. So when the organoids
started talking in the language of electrical signals, we
were eager to learn what they were saying.

IN MY LAB, the brain organoids are specks of tissue
floating in a Petri dish. Once sliced open and stained, a
panoply of neurons, astrocytes, and oligodendrocytes
appear through the ocular of a microscope. Over the
next few months, the organoid growth paralleled the
development of a human cerebral cortex fallen into an
Alice in Wonderland rabbit hole in which everything was
very small. And, without a blood supply, it can never
grow much larger.

To listen in on the electrical chatter, we carefully
lifted this quinoa-grain-sized bit of tissue from the fluid
and seated it on a surface densely packed with elec-
trodes, more than 26,000 of them, on about two square
millimeters of real estate covered in a fluid of nutrients
that approximates cerebral spinal fluid. When a neuron
fires, it sends a tiny voltage pulse into the fluid that is
detected by nearby electrodes and visualized as a blip
on a computer screen. These blips are called spikes. Of
nearly a million neurons in the organoid (compared to
86 billion in the human brain), the electrodes capture
a few hundred of them.



NEUROSCIENCE

ISSUE 47

THE BRAIN IN A GRAIN OF TISSUE On the left, brain organoids float in a culture media that provides their
needed nutrients. Each one is about the size of a grain of salt. On the right, an organoid has been cut and stained green
to visualize a type of brain cell called an astrocyte. These abundant brain cells provide critical support for neurons to
function, including the maintenance of their synaptic connectivity.

In the actual brain, when thousands of spikes syn-
chronize their rhythms, they can generate brain states
such as attention, mind-wandering, or sleeping. Pio-
neering neuroscientist Gyorgi Buzsaki compared this
to the sounds from a football stadium in which indi-
vidual voices cannot be discerned, but the collective
roar of the crowd signals important events such as a
goal. However, the rhythms of the brain are more com-
plex. Intrinsic rhythms at multiple frequencies oscillate
through the brain, collide and disperse, like the wake
from a motorboat angling through ocean waves.

In his 1949 book, Organization of Behavior, Donald
Hebb, a founder of modern neuropsychology, hypoth-
esized that strongly interconnected neurons can rep-
resent distinct complex cognitive processes such as
memory, abstraction, and decision-making. Later work
identified these assemblies as large groups of collec-
tively firing neurons that generate the rhythms. A math-
ematical method called Fourier Transform converts
this chatter into a wave spectrum of individual frequen-
cies, some fast, some slow.
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Our thrill of discovery grew when we captured sets
of spikes aligned with certain wave frequencies. In the
brain, these alignments between spikes and waves,
called phase-locking, wire together a set of spikes into
a connected network and assign a meaning to the net-
work as a representation of an experience. But there
was no experience to spur the phase-locking! There
was just an intrinsically generated signal coming from
a Petri dish inside a dark incubator signifying nothing
more than a wiring diagram, a spontaneously emergent
framework potentially ready to encode experience.

Unlike an organoid, humans and all animals develop
their brains concurrently with their bodies. From the
moment the developing nervous system senses the rest
of its body, it begins to register incoming signals such
as a heartbeat and gut motility for computing predic-
tions and implementing actions such as kicking and
squirming. Spontaneous activity in organoids, in the
absence of any stimulus from a body, and absent any
feedback from a motor output to muscles, runs through
its paces without even a scintilla of expectation that its
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Was there a fragment of
consciousness in the tissue
speck, a whisper from the

ocnes of the donore

signals might inform a body. It doesn’t simply lack a
body in the way an amputated arm leaves its phantom
trace in the brain. Rather, it spontaneously and inher-
ently develops the appearance of a framework to com-
municate to a body that never arrives, that is not even
conceived.

Our brain organoids seemed to reveal what the
Nobel laureate John O’Keefe noted before organoids
existed. O’Keefe wrote that brain systems “in which
activity occurs in the absence of sensation serves as a
physiologic scaffold capable of representing informa-
tion from the external environment before it is expe-
rienced.” In a similar vein, Buzsdki had written the
brain “starts out as a nonsensical dictionary. It comes
with evolutionarily preserved, preconfigured internal
syntactical rules that can generate a huge repertoire of
neuronal patterns.” Those complex rhythms represent
the innate machinery similar to the babble of infants,
who toy with their vocal cords, tongue, and lips to
make all possible sounds that increasingly narrow as
the infant acquires the sounds of a specific language.
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Our brain organoids appeared to represent a piece of
the operating system upon which experience could be
superimposed. Were they in fact offering a peek, albeit
imprecise, at the brain’s preconfigured internal syn-
tactical rules?

I would like to say our experiments offered a
glimpse of the brain’s internal syntax, the neural roots
of thoughts and actions. But neural connectivity is a
knotty problem. To visualize this organization, think
of the dendrite as a tree with a complex branching pat-
tern. Running through the branches are many axon-like
electrical lines. Each line originates from a different
neuron and a point where the line touches a tree branch
is a synapse. Dendrites can have thousands of syn-
apses that may or may not get activated by an incom-
ing axon, but when enough of them are activated, the
neuron spikes. The complexity lies in how the dendrite
computes all of its inputs to make a single binary deci-
sion—to fire or not.

As a simplification, we computed the probability
that if one neuron fires, say neuron A, a second neuron,
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say B, will fire within a very short
time interval. In this way, we cre-
ated a functional connectivity map.

long as a few hours, the connec-
tivity map remains mostly stable

tion occurs if the probability is high
that B will fire after A fires. How-

relation is not causation leaves us

uncertain as to whether A caused B

to fire. A third neuron might induce

the firing of both A and B. Causa-

tion also assumes that the cause

precedes effect, but in the organoid, no time stamp
indicating an event initializes the sequence, implying
that over a longer interval B may cause A with a higher
probability than the reverse.

By plotting the distribution of all the connection
strengths, we see relatively few strong connections in
a sea of weak connections. These connections become
modified over time as the skeleton of more rigid infor-
mation routes can draw upon a vast reservoir of weak
connections to update the network. While the con-
nectivity network is unattached to experience in the
organoid, a similar network structure in the brain may
encode recesses of memory fragments. As the connec-
tions that bind these memories spread through the
network, those memories are bound by the stability of
the network and will likely dissipate until forgotten in
its outer reaches.

Our ongoing research attempts to induce a desired
response in the organoid after it receives a specific elec-
trical stimulus; for example, stimulating the same three
electrodes multiple times. The electrical stimulus will
activate other neurons in the organoid, and we expect
will generate a reproducible signal that specifies the
input signal. If these inputs are a proxy for authentic
environmental inputs, a networked pattern of neuronal
activity is detectable. That pattern, a complex repre-
sentation of the input, potentially encodes the nuances
and memories associated with an input and forms the
physiological basis of a perception. For instance, a pho-
ton hitting the eye’s retina generates a neural firing
pattern that arises from the input. To reckon with the

The organoid

Over several minutes and for as g 7 OWth paValleled
the development
in its structure. A strong connec- Of&l b?'ain falle n
into Alice in

ever, the famous principle that cor- WO]_’lde rland.
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complexity of the environment,
the brain must generate multiple
associations linked to memories for
its inputs. The organoid, devoid of
memories, creates empty network
containers.

Insights from organoids in
experiments like ours may one day
help solve tricky clinical problems.
(Information from organoids also
promises to reduce the use of ani-
mal testing in drug design.) For
example, the enormous amount
of information stored in the brain
shrinks in those with dementia,
leaving affected individuals unable to fully compre-
hend their world. Sensory inputs to the brain—Ilight,
sound, touch, odors—convert features of the physical
world to waveforms that ramify in the brain to gener-
ate memory, experience, and emotion. These inputs get
incompletely or erroneously processed when synaptic
connections are lost in conditions such as Alzheimer’s.

In the future, scientists could outfit an organoid
with algorithms known as pattern completion, used in
artificial intelligence. The brain-signal patterns associ-
ated with human memories, like a fleeting image of a
night sky, or musical bits as if broadcast from spinning
aradio dial, or partial identities of friends that wander
in and out of dreams, can potentially be augmented in
the organoid. The augmented organoid, transmitted
back to the patient through a Metaverse-like headset,
could potentially restore a lost or forgotten image and
the memories and emotions associated with them. This
would represent a synthetic consciousness with far
greater versatility than a hard-wired computer chip.

S0, BACK TO MY COLLEAGUES in the humanities. Does
a brain organoid conceal some fragment of conscious-
ness? Brain organoids themselves are not conscious for
the simple reason that a core property of conscious-
ness—abstraction—is not available to the organoid.
Except for those marginal views of consciousness as a
boundless, extracorporeal panpsychic property, con-
sciousness requires the generation of an abstraction
derived from an interplay among our impressions of
the sensory world and our motor responses.
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Organoids gave us insight

into the operating system

upon which experience is
superimposed.

Take a look at that red sphere-like object in a bowl
on the dining room table. The light reflected from this
object activates photoreceptors in the retina that send
a signal to the brain carrying a wealth of information
about its color, shape, size, and setting. After several
years of experiencing the world, a firing pattern has
emerged that corresponds to the word “apple.” The
arbitrary sound of a word and its orthography cor-
respond to a neural activity pattern. The firing pat-
tern is also arbitrary because a different pattern in
another brain could have the same association with
the apple. The abstraction called apple comes from the
link between a set of input spikes and the presence of
the corresponding image in the world. The spikes are
fundamentally what we see in the organoid; they are
simply untethered to anything in the world.

Theories as to how abstraction pops out from cir-
cuitry abounds among consciousness researchers. None
offer answers. The problem is so enormous that Roger
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Penrose, winner of the 2020 Nobel Prize in Physics,
has said that whatever consciousness may be, it is not
a computation, and suggested that a new mathematics
might be required to solve it. The tractability of brain
organoid circuitry provides one method for performing
the detailed computations needed to chip away at what
is happening inside the brain, and how that activity can
be harnessed. No new math will come from my lab. So
I may disappoint my humanities colleagues when I tell
them that my brain organoids are silent on the subject
of consciousness.

KENNETH S. KOSIK is a neuroscientist whose work in Colombia
on familial Alzheimer’s disease has appeared in The New York
Times, BBC, CNN, PBS, and 60 Minutes.
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Where Have All the
Snow Crabs Gone?

Eleven billion crabs vanished. Is climate change really to blame?

BY SPENCER ROBERTS

L :
)

at

ZOOLOGY NAUTILUS

HEN THE NATIONAL OCEANIC AND ATMOSPHERIC
ADMINISTRATION announced the first-ever can-
cellation of the Bering Sea snow crab season in
October 2022—and extended the closure of the

king crab fishery—explanations were thin. Headlines relayed

what the government had gathered: Nearly 11 billion crabs had,
effectively, disappeared. The cause remained an open case, albeit
with a prime suspect: climate change.
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But climate doesn’t tell the whole story. Nautilus
interviewed marine scientists, fishermen, and former
and current government officials, from Alaska to D.C.,,
whose expertise and testimonies indicate there’s another
force at play: fishing. Yet like all good mysteries, the story
goes even deeper. It begins with a diver and a camera.

It was September 1993 at the bottom of the Gulf of
Alaska. As he descended and the seafloor came into
view, Braxton Dew witnessed a phenomenon few oth-
ers had ever seen: a mountain of king crabs. There were
some 9,000 of them, towering above his head once he
reached the seabed. He checked the depth gauge: 75
feet. He captured a photograph.

Dew would log 943 dives observing the crabs during
his 25-year tenure as a marine biologist at NOAA, where
he studied their complex social systems, cooperative
foraging techniques, and unique podding behavior:
when king crabs come together in daytime to rest in
spherical or dome-shaped formations before foraging
in a herd at night.

In 1996, Dew used the photo to help demonstrate
to NOAA administrators that the survey methods they
used to estimate adult king crab populations were
flawed.! It was too easy to pull the sampling net through
an aggregation and extrapolate that highly localized
density to an entire region. If this occurred, the pop-
ulation estimates used by government managers of
Alaska’s king crab fishery could be inaccurate.

According to Dew, the evidence he presented
caused turmoil inside NOAA. He was transferred
from Kodiak to Seattle; underwater crab research con-
ducted by the agency declined sharply. He remained
there for 12 years without assignment, waiting to pub-
lish his final manuscripts in the NOAA Sea Grant
Collection, in which he laid out evidence suggesting
that king crab management should better account
for factors like social behavior and habitat prefer-
ence.? Some of the papers would spend over a decade
stalled in review until his former bosses retired in the
late 2000s.

It’s possible that if this kind of underwater behav-
ioral research had been sustained, biologists might have
a wider base of knowledge from which to build a more
comprehensive and unified theory explaining the pre-
sumed deaths of billions of snow crabs in two years.
Unfortunately, we are left to conjecture.
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Everything must be considered in the context of cli-
mate change, which is driving massive shifts in Arctic
ecosystems. Yet unlike 1 billion heat wave casualties in
the shallow and intertidal zones of the Salish Sea last
year, snow crabs live on seafloors in deeper waters, and
there are no records of water temperatures high enough
to kill crabs directly. While it’s likely that whatever hap-
pened to the crabs was catalyzed by climate, the ques-
tion remains: What was it?

The dominant theory suggested by NOAA scien-
tists is that climate change caused the collapse of the
snow crabs’ nursery. As sea ice forms in winter, salt is
expelled and cold, dense water sinks to the floor of the
Bering continental shelf, forming what oceanographers
call the “cold pool.” This is where young snow crabs
grow up with abundant food, protected by water that is
too cold for many of their predators—until now.

As the planet has heated, sea ice has diminished,
reaching record lows in the Bering Sea between 2017
and 2019 and triggering a “dramatic ecosystem trans-
formation.”® The shrinking cold pool put snow crabs’
backs against the proverbial wall. Where once they
were safe, juvenile crabs could be caught by predators
like cod penetrating the warming water.

Yet there are problems with this theory. In many
years past, cold pool conditions didn’t form in the East-
ern Bering Sea, yet snow crabs fared well. And Pacific
cod populations, instead of benefitting from new access
to prey, have crashed alongside the crabs: Catches fell
significantly in the absence of Bering Sea ice and, in the
Gulf of Alaska, low numbers prompted the first-ever
closing of the cod fishery.

Another possible explanation is that disease has
afflicted the crabs. Snow crabs are plagued by a parasitic
alga called Hematodinium. Experiments indicate that
increasing temperatures may facilitate infections, but
severe cases of the disease have spiked and leveled off
in years past without population collapse.* Other expla-
nations include starvation, migration, and even mass
cannibalism, although this has only ever been observed
in captivity. None are mutually exclusive.

HOWEVER, FISHING IMPACTS have been largely
absent from the discussion. Ship-tracking data com-
piled by Global Fishing Watch shows that vessels in
the Eastern Bering Sea took advantage of contracting
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One billion crabs didn't
simply “disappear.”

sea ice, encroaching into previously inaccessible habi-
tat. Geographical data show that the historical winter
habitat of snow crabs overlaps with recent vessel move-
ments,’ which in some cases have pushed into the snow
crab “hotspot” near St. Matthew Island, a landmass
usually locked in ice through winter.

Up until the year of the crash, NOAA’s North Pacific
Fisheries Management Council—the appointed body
that regulates fishing in the region—ratcheted up catch
limits, which nearly tripled from 19 million to 45 million
pounds between 2017 and 2020. As quotas rose, crab-
bers struggled to find the large males they are permit-
ted to keep; in 2020 they discarded roughly as many
crabs as they kept, suggesting an unusual age structure
and perhaps an excessive catch limit.¢

Meanwhile, scores of fishing trawlers seeking
shrimp and pollock dragged their nets and cables for
hundreds of hours across the sea’s northern floors—
and this took place during critical breeding months,
when the region’s crabs are concentrated more tightly
and females are brooding the next generation in vulner-
able eggs against their bodies.

NOAA reports corroborate concerns suggested
by the geospatial data, showing massive spikes
in snow crab deaths during the sea ice lows. The
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fishing mortality rate—encompassing both directed
crab catches and “bycatch” by vessels targeting other
animals—increased more than fivefold, with bycatch
multiplying by a factor of more than 11.

“The fishing industry wants to point the finger at
environmental factors, especially climate change,” said
Jennifer Jacquet, a professor of environmental studies
at New York University. “But we know that even in the
face of a shifting climate, direct exploitation remains
the largest factor affecting aquatic animals.”

“You would think that fishery managers would want
to set more precautionary catch limits to account for
climate uncertainty,” John Hocevar, a marine biologist
at Greenpeace who has led two submersible expedi-
tions surveying trawler damage in the Bering Sea, wrote
in an essay on Greenpeace.org. “They don’t typically do
that, but they definitely blame climate change if things
go wrong.”

This isn’t the first Bering Sea crab collapse NOAA
has portrayed as a mystery. In 1959, Japan established
a no-trawl zone protecting the breeding territory of
king crabs North of the Aleutian Islands. Catches
increased throughout the next 15 years. But in 1976,
the United States Magnuson-Stevens Fishery Conser-
vation and Management Act codified the concept of the
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pod of adult king crabs; below, a pod
sets off to forage.
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exclusive economic zone, extending 200 miles from
shore—effectively claiming the reserve as U.S. waters.
Then, in 1980—in the midst of the Cold War—the U.S.
and USSR joined forces to trawl the now-unprotected
breeding ground, targeting sole.

In a period of five years, bycatch of king crabs
increased by more than 600 percent, with casualties
concentrated in reproductive-age females.” Much of
it went unreported, although photographs survive
from a NOAA fisheries observer, who captured trawl-
ers dumping nets full of dead, egg-laden female crabs
into the sea. Meanwhile, catches for king crabs in the
region escalated from 8.8 million in 1975 to 20.8 mil-
lion in 1980.

Within three years, the population plummeted to
single digit proportions. To this day, red king crabs have
never recovered in the Bering Sea. The official NOAA
report stated, “Declines in abundance are attributed to
a combination of high natural mortality and variable
year-class strength rather than inadequate manage-
ment measures,” but never identified the cause of this
“drastic increase in natural mortality.”

In 2021, with the help of the nonprofit watchdog
Public Employees for Environmental Responsibility,
a whistleblower came forward.® In a complaint filed
under the Information Quality Act, he alleged that
“managers pushed the natural mortality story because
they knew it might divert the focus from overfishing
to natural catastrophe.” It was Dew, the exiled crab
biologist.

On the surface, the king crab tragedy rhymes with
the recent collapse of the snow crab: Like in the early
’80s, a once-protected habitat was exposed and, after
a few years of high crab quotas and spiking trawler
bycatch, populations collapsed. And just as with king
crab, NOAA officials have described the snow crab
crash as a mysterious natural phenomenon.

NOAA scientists don’t think the role of the sea-
food industry has been downplayed. “The magnitude
of bycatch is just not there, in terms of orders of mag-
nitude,” said Mike Litzow, the shellfish assessment
program manager at NOAA’s Alaska Fisheries Sci-
ence Center.

Yet despite requirements for observers on every
trawler, official bycatch data is notoriously under-
counted. Research published in NOAA’s Fisheries
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This isn’t the first Bering
Sea crab collapse NOAA has
portrayed as a mystery.

Bulletin underscores the difficulty of quantifying unre-
ported mortality of crabs who are crushed, but not
caught.® In addition, observers tasked with recording
bycatch only count it in a specific area, are instructed
not to count crabs who are dragged up in pieces, and
are often pressured or threatened by boat captains
and crew.1?

Even considering all these factors, Litzow contends
that “bycatch could be a hundred times greater and
it still wouldn’t explain the decline.” By his account,
the models rule out crabbing impacts as well. “We’ve
fished this population for 20 years at these kinds of
rates and we’ve never seen anything like this before,”
he said. Litzow and his colleagues at NOAA believe the
best explanation is a mass starvation event caused by
the increased energy demand of warming water on the
crabs’ metabolisms.

However, Paul Dayton, a benthic ecologist at the
Scripps Institute of Oceanography, points out how the
starvation hypothesis does not necessarily absolve the
fishing industry. If crabs were indeed struggling to find
food, Dayton suggested that the “situation would be
made much worse by the very heavy fishing and trawl-
ing on the bottom.”

Research by Dew and colleagues on chronic trawl-
ing impacts in the Eastern Bering Sea corroborates this
idea, demonstrating how trawling activity can impair
seafloor food webs for decades.” “There’s definitely an
idea in the science that exploited populations are more
vulnerable to climate variability,” Litzow said.

It may be that billions of snow crabs died in the
darkness of the deep sea, but Dew offers an additional
hypothesis: Many of them never existed. They were
figments of an inaccurate survey design that overes-
timates crab populations, leading to excessive catch
quotas and lax bycatch regulations.




ZOOLOGY

THE FLAWED SAMPLING METHODS Dew tried to
warn against in the 1990s are still used today. While
snow crabs don’t form proper pods like king crabs do,
they still aggregate in large groups and are patchily
distributed across the seascape, creating the potential
to overestimate crab populations.

In a 2007 Fisheries Research paper, Dew and his wife
Roberta Austring, a mathematician, analyzed 22 years
of NOAA survey data, demonstrating that while the
sampling methods NOAA uses may work fine for fish,
they’re more fallible for crabs.!? “Consider that a trawl-
haul survey sample covers about 0.01 square nautical
miles,” he posited. That trawl is then used to estimate
the crab density in a 400 nautical square mile sector on
a grid—“an extrapolation of 40,000 times!”

This opens the possibility for inflated population
estimates if surveys happen to intersect aggregations
of crabs. That may have happened twice with king
crabs: Their Cold War collapse in the Bering Sea was
preceded by a “recruitment pulse”—a cohort of matur-
ing males—that motivated regulators to double catch
limits every three years.

Simultaneously, the king crab population on the
other side of the Aleutian Islands in the Gulf of Alaska
crashed after a reported recruitment pulse between
1979 and 1981 “stimulated Alaskan managers to cheer-
lead a doubling of the harvest in the near future, thus
exposing the entire stock to terminal depletion,” con-
cluded a post-mortem led by fisheries biologists Janet
Armstrong and Ray Hilborn of the University of Wash-
ington.®® “In 1982 the largest harvest in 14 years was
taken from a stock that had reached an unprecedented
low level of abundance.”

In strikingly similar form, between 2015 and 2018
NOAA surveys reported a 2,000 percent increase in
recruitment of male snow crabs. Bob Foy, head of the
North Pacific Fishery Management Council’s crab plan
team, called it “one of the largest snow crab recruit-
ment events biologists have ever seen.” In the following
years, catch limits were more than doubled. Within five,
the fishery was shut down.

“We know that recruitment boom was real,” Lit-
zow responded when asked about the possibility that
survey methods had caused crab populations to be
overestimated. He cited crab reproductive cycles,
improved survey coverage, and the fact that the boom
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While it’s likely that whatever
happened to the crabs was
catalyzed by climate, the question
remains: What was it?

persisted for two consecutive years. But while a pulse
did occur, was it truly as large as the models suggested?
And should NOAA regulators have raised catch limits
when its assessments also suggested that the abun-
dance of harvest-sized males had dropped by half in
the decade prior?

“This is a lesson which has been repeated but not
learned,” Dew said. Mary Peltola, who directed the Kus-
kokwim River Inter-Tribal Fish Commission and now
serves in U.S. Congress, tweeted, “One billion crabs
didn’t simply ‘disappear.”” She cited “mismanagement
and factory trawler operations” among likely causes.
Erik Velsko, a former advisor to the North Pacific Fish-
eries Management Council, told Mongabay that NOAA
models rely on “too many assumptions” and that the
management of the fishery was “archaic.”

Fishermen excoriate conflicts of interest in the
council, attributing its failures to limit bycatch* or
expand trawl exclusion zones to the fact that many of
its private voting members declare financial interest
in heavy industries like trawling and at-sea process-
ing. Several of the council’s high-ranking government
officials, including the director who oversaw the recent
snow crab crash, have gone on to work for companies
with large Bering Sea trawling operations.

Alaskan communities, despite the promising quotas
of the final years, have little to show for it now. Crab
fishermen and their families invested their lives into an
industry as its future crumbled beneath them.

ZOOLOGY

But we’ve lost so much more than that. The great
gatherings of crabs across the continental shelf formed
a central pillar of once-astonishing Arctic ecosystems,
supporting food webs culminating in sharks and whales
in multitudes inconceivable in modern times. Dew
describes drifting over crab congregations spanning
90,000 acres, comparing them to the world’s most
spectacular biological wonders. “Think of the great
herds of the plains buffalo, or the almost indescribable
abundance of the extinct passenger pigeon,” he said.
The magnificent marches of Arctic crabs now take place
alongside them, in memory.

SPENCER ROBERTS is a science writer, ecologist, engineer, and
musician based in Colorado.
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ow | Learned to Stop
Worrying and Love
Uncertainty

I now realize Heisenberg and Schrodinger are less like physicists
and more like therapists

BY PAUL M. SUTTER

IKE MOST PHYSICISTS, I spent much of my career ignor-

ing the majority of quantum mechanics. I was taught the

theory in graduate school and applied the mechanics here

and there when an interesting problem required it ... and
that’s about it.

Despite its fearsome reputation, the mathematics of quan-
tum theory is actually rather straightforward. Once you get used
to the ins and outs, it’s simpler to solve a wide variety of problems
in quantum mechanics than it is in, say, general relativity. And
that ease of computation—and the confidence that goes along
with wielding the theory—mask most of the deeper issues that
hide below the surface.

Deeper issues like the fact that quantum mechanics doesn’t
make any sense. Yes, it’s one of the most successful (if not the
most successful) theories in all of science. And yes, a typical high
school education will give you all the mathematical tools you need
to introduce yourself to its inner workings. And yes, for over a
century we have failed to come up with an alternative theory of
the subatomic universe. Those are all true statements, and yet:
Quantum mechanics doesn’t make any sense.

MENTALMIND / SHUTTERSTOCK
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The statements that quantum mechanics makes about the subatomic world fly
in the face of our natural intuition about the macroscopic world. If I throw a ball at
you, you have a decent shot of catching it because you know it will only take a single
path. If we make plans for dinner, we don’t need to worry about what the Androm-
eda Galaxy is doing right now because it’s very far away and thus very unlikely to
interfere with our plans. If you see someone walk through your doorway, then you
can say with confidence that they did, if fact, walk through your doorway.

And yet all these very reasonable statements break down when we examine the
subatomic world. Particles can exist in multiple states at once. They can travel mul-
tiple paths at once. Particles can suddenly appear in unexpected places. Particles
can maintain a phantom-like connection to each other, known as entanglement,
regardless of the distance of their separation. We can’t make confident predictions
about the outcomes of experiments, but instead have to rely only on fuzzy prob-
abilities. There are fundamental limits to what we can know.

When I first learned the full extent of quantum weirdness, in school, my brain
broke, along with my expectations of how the world works. My first reaction was
amazement and wonder at the richness and complexity of the subatomic world. And
then ... dismay. Heartbreak. Confusion. Torment. A storm of emotions poured over
me as I tried, in vain, to go from awestruck wonder to considered understanding.

While my undergraduate and graduate courses on modern physics and quantum
mechanics were teaching me these fundamental statements, they didn’t discuss
to any significant degree the deep philosophical problems that those statements

entail. That kind of reckoning, in my case, didn’t come until over a decade post-
Ph.D. As I struggled with the philosophical side of quantum theory,
many years after I should have, I discovered to my surprise (and
relief) that my struggles were mirrored in the very historical
development of the theory itself.
Quantum mechanics is confusing, nonintuitive, and
seemingly nonsensical. What I found through my journey
is that this confusion and senselessness isn’t a bug, but a
feature, and creates a new way to see our everyday life.
Instead of interpreting quantum mechanics, I ulti-
mately realized, maybe we should just submit to it—
and let quantum mechanics interpret our own lives.
But in order to arrive at this, somewhat unortho-
dox but ultimately liberating, vantagepoint, I had to
journey through the four stages of what I have come
to call “quantum grief.”

PAGING DOCTORS SCHRODINGER AND

HEISENBERG Quantum theory can bring an unex-
pected peace in the chaos of physics—and the world
at large—if we can learn to live our own lives within a
quantum framework.

ZENOBILLIS / SHUTTERSTOCK

PHYSICS

STAGE ONE: CONFUSION

The first mystery I encountered, as an undergradu-
ate, of the hidden secrets of the subatomic realm was
the bizarre feature of reality called wave-particle dual-
ity. In the macroscopic world described by classical
physics (the physical view of the world prior to the
invention of quantum mechanics) there are two kinds
of objects: waves and particles. Particles are generally
small, well localized in space, and have a defined, mea-
surable position. If you wanted to, you could point to a
particle, and everyone would know that you’re picking
out that particle and not another one.

Waves, on the other hand, without a particular place
in space, are just kind of ... over there, vaguely. It’s much
more difficult to point to a wave. Waves also don’t zoom
from one place to another, but instead slosh around in
complicated patterns.

In this classical view of the world, all fundamental
entities are either one or the other. To my undergradu-
ate brain, this simply made sense. But in the quantum
view, all objects have properties of both. A single object
can sometimes act like a particle or sometimes act like
awave, having wavelike properties in one moment (say,
when an electron scatters off of an obstacle, it acts like
a wave would) and a particle-like property in another
(when that electron finally hits a detection screen, it
deposits all its energy in a specific location, much like
a particle).

I had read about this in books as a teenager, but in
college I had to confront it head-on in a formal, impos-
sible-to-ignore setting ... and it blindsided me. The only
response I could conjure was a simple: How?

The wavelike nature of matter doesn’t manifest itself
at macroscopic scales, which is why physicists didn’t
notice this until they started playing around with sub-
atomic particles at the beginning of the 2oth century.

Much like my first taste of the phenomenon, when
the early quantum pioneers initially encountered wave-
particle duality, their first response was complete and
total confusion. What exactly is a wave of matter? How
are we supposed to interpret this now-experimentally
undeniable aspect of reality?

I'would look at my own face in the mirror. Quantum
mechanics taught me that what I saw had some very
tiny but very real wave nature. But a wave nature of
what? My reflection couldn’t give me an answer.
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Instead of trying to make sense
of the quantum world, let’s use
the quantum world to make
sense of ours.
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Physicists like Erwin Schrodinger, working in the
first half of the 20th century, argued that at tiny scales
matter was literally smeared out over space like a wave.
He believed that if we could crack open an atom and
look at its bits and pieces, we would see tiny little waves
wiggling about. Schrédinger would use this insight to
develop a wave-based theory of quantum phenomena
that was astoundingly successful in describing a wide
variety of otherwise perplexing experimental results.

But Schrodinger was not alone amongst the explor-
ers of the unknown quantum land. Other physicists like
Werner Heisenberg, working around the same time,
argued that we shouldn’t bother even trying to build
up a mental picture of what subatomic particles are
up to, and should instead just focus on experimental
results. He developed a completely different paradigm
for answering quantum problems. His method was
based on much more difficult mathematics but was
nonetheless equally successful.

Cue heated debate, with Schrédinger snubbing
Heisenberg’s approach as nonsense, because what good
is a physical theory if it can’t paint a picture of the world,
and Heisenberg slamming Schrodinger, saying that sub-
atomic physics is so far beyond the realm of human per-
ception that our normal classical thinking is obsolete.

STAGE TWO: ORTHODOXY

Eventually Schrédinger’s idea fell out of favor, as
experiment after experiment revealed that subatomic
objects, like electrons, while they had wavelike proper-
ties, most definitely did not extend through space. By
the 1930s, the initial confusion over the onslaught of
experimental evidence and theoretical tools eventually
gave way to a sort of quantum orthodoxy.

This mirrored my own experience, beginning in
graduate school. Aspects of the quantum world, begin-
ning with wave-particle duality, fly in the face of com-
mon sense, logic, and our natural intuitions about the
world. But then, just when the confusion reaches a
crescendo, and it seems like the feeble human intel-
lect will be swallowed by the quantum tempest, comes
sweet conceptual deliverance: a formalism.

The relief I felt when I finally learned the postulates
and mathematical framework of quantum mechanics
is nearly indescribable. It’s like this wonderful escape
hatch, liberating yourself of the mental burden of trying
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to untangle the Gordian knots of quantum reality,
set free to dance through the blissful fields of getting
work done.

In the 1930s, physicists like John von Neumann
would take the various initial attempts at quantum
mechanics and craft it into a cohesive, rigorous whole.
Finally, after decades of study, we had a firm physical
theory based on a limited set of founding postulates,
a full mathematical language for writing down prob-
lems and finding their solutions, and a wide variety of
interesting applications to tackle with the theory: the
nature of atomic absorption and emission, the building
blocks of chemical and nuclear physics, the creation
and manipulation of fundamental particles, and so
much more. We had a physics of the subatomic world.

The interpretation of what the mathematics
said about the world slid away from the hopes of
Schrédinger and fell firmly into the Heisenberg camp:
Don’t worry about the details, and just focus on solv-
ing problems. The wavelike nature of particles was
demoted into a mere mathematical trick, a way of cal-
culating probabilities rather than an extant property of
nature. Other results of the wave-nature of matter, like
entanglement or “spooky action at a distance,” were
accepted as straightforward facts without any deeper
discussion about what that entailed.

Quantum mechanics was weird and made no sense,
but it worked, dang it.

And in that work I found safety. I didn’t have to
worry about mysterious quantum this-or-that, about
what was actually happening, as long as I could keep
putting the mathematical pieces together. It felt good
to solve problems, to find interesting applications. As
a physicist, I developed a new kind of intuition, one
not based on growing up a living, thinking, macro-
scopic creature, but an instinctual grasp of the sym-
bols and machinery of quantum mechanics. I began to
intuit which problems were well suited to the theory,
and which ones were not. I found myself able to cast
meaningful physical questions about the real world
into the language of von Neumann—and, amazingly,
get an answer, a result that I could test against experi-
ment (as I and my classmates did, in the lab sections
of our classes).

I began to believe that I finally—finally—had a firm
grip on understanding quantum mechanics.

PHYSICS

NAUTILUS

(Quantum mechanics
doesn't make any sense.

STAGE THREE: REBELLION

That is, as long as I didn’t think too hard about what
it all means. The siren song of quantum formalism, the
raw math, was all too tempting. But follow it too far and
you are bound to crash into the sharp unyielding rocks
of a deceptively simple question: What does quantum
mechanics actually mean?

Schrodinger had his doubts. So did Einstein. So,
even, did Heisenberg and Bohr and Dirac and von Neu-
mann and all the other founders of quantum theory.
The difference is that Schrédinger and Einstein would
go to their graves believing that quantum mechanics
was incomplete, while the others held on to the slim
comfort that our physical theories had finally taken
us to a place that we could not otherwise mentally
comprehend ... but at least we could get answers and
validate against experiment, which was good enough.

The dominant interpretation of quantum mechan-
ics is called the Copenhagen interpretation. If you’ve
ever done any reading on the subject, you’ve prob-
ably encountered it already. It’s the default assump-
tion of how quantum theory should be viewed, and
it’s the default treatment given in a typical physics
education, including mine. At its highest level the
Copenhagen interpretation instructs us to not sweat
the small stuff and just focus on the math. Matter has
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a wavelike property that maps out probabilities for the
outcomes of experiments. When we perform an obser-
vation, that wave and all those probabilities snap out
of existence, to be replaced with a single result in our
apparatus. Aspects like fundamental uncertainty prin-
ciples and non-local entanglement are simply facets of
the full theory.

How does it all work? Why do the waves snap out
of existence upon measurement? How can two distant
particles be aware of their entangled partner without
exchanging information? What is the state of reality
when we’re not observing it? These are all questions
that the Copenhagen interpretation ignores, because it
says that they’re not important: What matters is results,
results, results.

And so I, ever the lifelong student, had to eventu-
ally confront the Copenhagen interpretation and its
explicit lack of desire to explain anything further. Some
physicists are fine with this, choosing to “shut up and
calculate” and accept that our puny human brains can’t
possibly imagine or envisage what’s happening at the
subatomic level. And many I know find a sort of com-
fort in that.

Other physicists are less fine with this. Thankfully
for them, there are plenty of other interpretations
to choose from. Some elevate the wavelike nature of
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This confusion and
senselessness isn't a bug, but
a feature, and creates a new
way to see our everyday life.

matter to a real entity. Some claim that conscious-
ness plays a critical role in the measurement process.
Some say that it’s all an illusion of shifting informa-
tion. There are ... more. Dozens of potential interpre-
tations, all selecting some parts of quantum theory
to be true and other parts to be mere mathematical
artifacts.

For some physicists dissatisfied with the aloofness
of the Copenhagen interpretation, they find refuge in
these alternative interpretations.

I did not. The interpretations of quantum mechan-
ics try to make sense out of the nonsense by applying
alayer of rationality on top of the bare mathematics of
the theory—a bedtime story to help us sleep at night
when we can’t stop thinking about how strange the
subatomic world is. I myself tried to find salvation in
interpretations, years after learning the theory itself
in graduate school, hopping from paper to paper like a
neophyte trying out different religions.
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Ultimately, I couldn’t find any interpretations that
were satisfying. The classic Copenhagen left a sour
taste in my mouth for its refusal to paint a picture
of subatomic processes—I believe that humanity is
smarter and cleverer than Heisenberg gave us credit for.
But the other interpretations have their own shortcom-
ings. For example, if you follow the logic of making the
wave-nature real, you end up with parallel universes
constantly splitting into existence ... with no further
explanation of how that’s supposed to work. And so
on and so on. For every interpretation, there are some
attractive features to it, and some parts of its own
theory that it fails to explain.

STAGE FOUR: ACCEPTANCE

So what was I to do if none of the interpretations
seemed to satisfy that deeper craving to live in an
understandable universe? One answer is to retreat
back to the safety of the Copenhagen interpretation,
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finding solace in the mathematics and giving up on the
dream of visualizing subatomic processes. Another is
to dig deep into one of the alternative interpretations,
believing that with enough work and enough clever-
ness, I could overcome their shortcomings and build a
coherent, consistent, complete model of the universe.

There is another way, one that I found after years of
frustration, and that is to completely subsume myself
into the weird and wonderful quantum world, embrac-
ing the ultimate lessons of the theory. We have tried
for over a hundred years to force an interpretation on
the theory, to no avail. So perhaps that’s nature trying
to tell us something: that no interpretations are avail-
able to us.

The experimentally verified reality of quantum
mechanics is, indeed, that classical thinking, based on
our intuitions of the macroscopic world, is inadequate
to describe every aspect of the cosmos. And trying to
create an interpretation and insist that it’s the correct
one—even the Copenhagen interpretation—is pre-
cisely the trap of classical, binary, yes/no thinking that
the subatomic world is trying to tell us to avoid.

Here’s the mental model I eventually settled on,
after years of apathy and antipathy: Instead of trying to
make sense of the quantum world, let’s use the quan-
tum world to make sense of ours. Thinking about quan-
tum behavior seems absurd, but that’s only because
we live and breathe in a classical world. So what if
we tried to live in a fully quantum one, even in our
everyday lives?

When I released myself from interpretation, I found
the freedom to see the fundamental lessons of quantum
mechanics: probabilities, uncertainties, non-locality,
entanglements, and so much more, and apply those
lessons to my life.

For example, I could begin to live my life truly
accepting the uncertainty of the future, setting goals
and visions without the burden of concrete expecta-
tions. I could acknowledge that my actions had influ-
ence across the globe, with even small gestures of kind-
ness or charity making an impact. I accepted that I can’t
know everything as well as I wish I could. I stopped
myself from falling into binary, either/or choices,
allowing situations, choices, and even people to be
more complex than that. As I continued to put these
thoughts into daily practice, I found that Schrodinger,
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Heisenberg, and the rest sounded less and less like
physicists and more and more like therapists (indeed,
nothing I had learned was a revelation to mental health
professionals). These were useful lessons that enriched
and informed my daily life: Through a quantum lens, I
found happiness, contentment, satisfaction, and a bet-
ter sense of my own humanity.

It wasn’t easy—and it still isn’t. I still feel the occa-
sionally classical tug to insist on an interpretation, or to
finally get to the bottom of all this quantum nonsense.
Every day I have to wake up and resist those tempta-
tions and remind myself that the quantum world—the
real world—is so much more rich and vibrant and won-
derful than that.

PAUL M. SUTTER is a research professor in astrophysics at the
Institute for Advanced Computational Science at Stony Brook
University and a guest researcher at the Flatiron Institute in
New York City. He is the author of Your Place in the Universe:
Understanding our Big, Messy Existence.
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The Fine Line
Between Life and
Not Life

If the brain can’t tell the difference between
fiction and reality, what can?

BY PATRICK HOUSE

RYGER / SHUTTERSTOCK

HERE DOES A CONSCIOUSNESS END and the

rest of the world begin? Where is the line

between inside and outside? Between life and

not life? Between the parts of the universe
that are conscious and those that are not? Between you
and not you?

To build up a charge, a gradient, or natural selection, there
needs to be some kind of a border, but physics and biology draw
their borders differently. (Drop both a pigeon and a bowling ball
from a rooftop, for proof.)
In the 1974 film Dark Star, an artificial intelligence is taught
a few basics of René Descartes’s cogito, ergo sum (“I think,
therefore I am”) arguments and, after realizing that its pur-
pose is simply to explode, the AI proceeds to ignore all fur-
ther human commands and blows up itself, the ship, and the
crew. Likewise, as a thought experiment, let us imagine an Al closer
to home and given planet-busting nukes that is taught the basics of
existentialism and proceeds to become curious about itself. It may
start to wonder about the causal chain at the beginning of what feels
to it like its thoughts and, realizing that humans only mobilize when
catastrophe is imminent, it might give us an ultimatum:
Dear H. sapiens,
You have five years to provide a complete description of free will; or, the exact
border of Anna K.’s consciousness while she was in surgery, in Los Angeles, in 1996.
Or, I blow up Earth.
Warmly, The AI
The AI then provides the experimental details. In five years, it says, the
AT will put Anna through a random set of subjective and objective trials,
states, and tasks, and we, humanity, must be able to give a complete and
total rolling prediction of every single one of Anna’s thoughts. The AI
agrees that, if this is impossible, it will settle for a statistical distribution




If only we could
define where the
neurons end and
the person begins.

of probable or highly likely Anna thoughts instead of an exacting list of
them all. If both of these prove impossible, because free will is truly free,
the AI adds an allowable success condition: It will settle for an exact,
atomic description of where Anna’s consciousness ends during her surgery,
in 1996, as long as it accurately defines the line between Anna and not Anna
during the experiment trials.

Most of Earth thus mobilized toward figuring out what is widely thought
to be the easiest problem of the three: the line between Anna and not Anna.
At first, an Earth-wide census was collected where almost everybody, no
matter how wild or speculative, had their opinions heard. Some, the lin-
guists, noticed that the problem was very similar to what the psychologist
William James once posed for language. How, in a written sentence, asked
James, does one know where the words end and the sentence begins?* Per-
haps we could prove by analogy, they said, that likewise there are similar
borders for brains and consciousnesses if only we could define where the
neurons end and the person begins?

Others, the entomologists, noted that we should be able to answer
smaller, simpler versions about nature and work our way, so to speak, up.
They considered a spider hunting on its web. Does the web count as spider
or not spider? The vibrations of the web alert the spider to the existence
of something; likewise, we “hear” perturbations in the air that compress
airwaves from a focal point far away by virtue of detecting vibrations in the
hair cells in our ears.2 Was what the spider does sensing its web’s vibrations
so very different from what a primate does with the hair cells of the inner
ear in order to listen? Is the air not simply a kind of see-through web, a kind
of surface on which vibrations travel and information is gleaned? And so,
they argued, if we include the ears and the acoustic sensing apparatus as
part of Anna’s boundaries, should we not also include the web of the spider?
Should we thus not also count the electrode that prodded her brain during
surgery, since it was able to induce laughter, joy, and mirth no differently
than if another part of her brain had done so au naturel?

Why stop there, asked these ideas’ detractors, partly enraged. Why
not include the trees the web hangs from, too? Or the moon that pulls
on tides that evaporate air to rain on the trees to grow the branches from
which to hang the web? The Big Bang? Where does one stop?
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Others, the ornithologists, asked about gizzard stones of birds, eaten
early in some birds’ lives and necessary for digestion. Surely, they said, we
don’t count the gizzard stones as part of the individual bird consciousness,
do we? Then perhaps we should remove all the rote mechanical stuff from
the brain in our descriptions, like the dumb proton pumps or microtubules
that, in isolation, are no more interesting than a gizzard stone. If we are
looking for the exact line between Anna and not Anna, said some dualists,
going even further, we should remove all the unnecessary mechanical ele-
ments of her body and brain and leave only the conscious parts—a bit like
sifting for gold, they added. But there would be nothing left if we did that,
came a response, from the materialists.

Then the microbiologists came along and asked about the possibility of
infection or microbiota in Anna’s body.

What if Anna had a parasite in her brain at birth, vertically transmitted
from her mother, which nestled inside her neurons, as some are prone to
do?3 Is her consciousness the brain minus the parasite, the brain plus the
parasite, or are they a kind of amalgamated mind? We should figure this
out beforehand, they argued, just in case. Others, the behaviorists, won-
dered about the tasks Anna would have to perform during the test. What
if the AI made her read a book or watch a film? Would the borders of her
consciousness change in the act? The world’s stories were thus cataloged
into those that have attempted to mimic the interiority of thoughts and
that thus might, in some sense, insinuate themselves into Anna if she read
them. The works of James Joyce, Virginia Woolf, and Julio Cortdzar were
analyzed in depth for their effects on the reader; the 1947 film noir Lady in
the Lake, which was shot almost entirely from the point of view of a detec-
tive on the case (“YOU and ROBERT MONTGOMERY solve a murder
mystery together!”), and Spike Jonze’s Being John Malkovich saw surprising
resurgences, briefly becoming the most popular films in the world.

Some retired neuroscientists dismissed the idea that low-fidelity film
and literature should be considered a boundary worry, claiming that only
video games offered the correct feedback loop of action to perception
required to create an inside and an outside, and thus a border. A study
was done on all those who had played the 2011 first-person video game
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BEING JOHN MALKOVICH
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EVER WANTED TO BE SOMEONE ELSE?

INSIDE OUT Can we ever get outside ourselves and
inside the thoughts of another? Like other compelling
films and works of fiction, Being John Malkovich wrestled
with this central question of consciousness.
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Dinner Date, which has one take the role of a man’s
impuissant subconscious as he drinks wine while
being stood up for dinner. Confusingly, some had
remembered their experience as an actual memory
of having been once stood up, which meant that
the fictional story had ingratiated itself into their
autobiographical story of self. If a brain is a pre-
diction engine, some memory researchers argued,
then would not even false memories, trapped in or
as synapses and that shape the brain’s predictions,
count as internal to their owner? What if the Al
makes Anna play Dinner Date and she remembers
it as really having happened to her? We should pre-
pare, they warned.

Yet still others, the literary critics, noted that
unlike novels, video games and film have never had
the second-person perspective, the “you.” Cameras
in video games often take the point of view of a char-
acter’s eyes and ears (first person) or take a vantage
either above or behind (third person) the character,
as a drone’s-eye view of things. While true, they said,
that players often get a vague out-of-body feeling
during games and will duck if Mario’s head is about
to hit the ceiling or will turn their bodies when their
go-kart needs to turn a corner in a race, this does
not mean that they are Mario or are the go-kart. It
means merely that they can empathize with or ally
their consciousness with virtual objects like Marios
or go-karts.

We should only spend time on second-person
games, they claimed, but no such game exists, so
can we just drop it? But can we be 100 percent sure,
came the response from the internet, because wasn’t
there that viral video shared widely once of someone
poking under a fridge with a broomstick and when
the mouse comes running up the broomstick toward
the camera, remember how a vast majority of peo-
ple watching on their phones drop their phones in
fright? Doesn’t this mean that just by viewing the
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video and holding the phone with their hand they in some sense thought
they were “holding” the broomstick? If the brain cannot tell the difference
between fiction and reality, will we have to include all fictions, as they are
experienced, in order to define the boundary between Anna and not Anna?

This took a while to solve. Eventually, a different set of literary theorists
pointed out that there is in fact an arguable case for the second person in
a video game, worthy of study. In Driver: San Francisco, the main char-
acter, after a near-death experience in a car accident, can take over the
consciousnesses of other characters in the game. At one point, however,
while inhabiting the mind of a secondary character, you as the player find
yourself in a car chase and are told to chase your own car. At which point,
part Inception, part Wings of Desire, you start to control your car but from
the point of view of the person chasing you. What if the AI makes Anna
play that game, some said? Consciousness extends to that which it controls,
and the brain’s only output interface with the outside world, after all, are
the neurons that connect to its muscles. If we count the electrical puppet
strings from her brain coursing down into the hand as a part of Anna, why
not the simple electrical circuits of the game’s controller? (Why not the
surgeon’s electrode, also, as it stuck out of her brain during surgery?)

Yet still others, the mathematicians and statisticians, argued that the
video game and literature stuff was nonsense. Any proof, they claimed,
would have to start with a math-based definition between living and non-
living matter. A drop of oil placed in water must diffuse because it, unlike
life, cannot maintain its order.* Life, they said, is the opposite of the drop
of oil because it does not diffuse and can maintain its order against the
drives of the universe toward spread, chaos, and heat death. The drop of
oil, on the other hand, like the flame of a candle, has no capacity to keep the
outside out or maintain an ordered inside because its borders are porous
to the diffusing world and it does not resist the universe’s temptations. On
the contrary, life does resist decay because it has to, and only here, at this
border between life and not life, can we say that the continual nesting of
this capacity to fight disorder is the difference between Anna and not Anna.

Anna, thus, is a bundle of statistical drives, not biological drives, which
create the separations and boundaries. These statistical boundaries are
called “Markov blankets” and can nest, like Russian dolls.® All we would
need to do, they said, is find the level of description for which of Anna’s
Markov blankets is the most all-containing—which of her Markov blankets,
in other words, contains the most complete set of the others. The relations
between Anna’s parts, they explained, are similar to family relations in that




a person’s “family blanket” would be their parents, their children, and any
other parents of their children. Instead of family relations, the statistical
version of a Markov blanket for, say, a single cell would be at the outer
edges of its action and perceptions of the world, which aligns nicely with
its cell edges, or its membrane.

Anna, though, a complicated primate, with billions of interconnected
cells, each with their own Markov blankets, must have some blanket that
is the last and greatest. Some blanket in the exact spot where her inside
cannot claim the outside as part of its blanket and the outside cannot claim
the inside as part of its. Some blanket that is a rolling process sewn and
resewn, that stretches and pulls to adapt to the borders of her actions and
perceptions with the timing most relevant to her parts. It is, like literal
clockwork, remade every second. Thus, it was claimed, no single answer
would suffice. Five years of Anna versus not-Anna boundaries would be
five years of rolling answers.

One day, a question from a middle schooler, submitted to a contest
looking for fresh ideas, confounded all the world’s experts: “What about a
caterpillar when it turns into a butterfly? When it is liquid goo during its
metamorphosis, is it butterfly or caterpillar or what?”¢

The implication was immediately recognized. The girl is right, said
some developmental neuroscientists, that the brain is physically changing
its shape every millisecond of every day or every year of its entire life. It
is never in exactly the same state. A child’s mind metamorphoses into an
adult’s mind. It does not simply grow. From a purely biochemical point
of view, the human brain thus is always comparable to metamorphic goo.
Others, the screenwriters, noticed a nonlinear storytelling problem raised
by this conundrum. Markov blankets, they noted, are nested spatially but
perhaps they could also be nested temporaily? People were confused until
the parasitologists came along and admitted to thinking along the same
lines. After all, they said, a single-celled parasite that has multiple life-cycle
stages is better thought of as a kind of iiber-organism with organ separa-
tion across time instead of as an organism jammed into a single body at one
point of time. And if that is indeed true for single-celled parasites, there
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Is her consciousness the brain minus the

parasite, the brain plus the parasite, or

are they a kind of amalgamated mind?

is no reason it is not also true for 86 billion single cells inside of brains,
which also constantly change and tweak their genetic profiles over time.

Yet others, the monists, argued that all of Anna’s internal models of the
world should be removed from her mind, since above some level of fidel-
ity her internal models become good enough to count as “outside.”” If the
tasks require that she spend a year growing and walking and crawling in a
normal home, for example, and then ask her later how many windows the
home had, and if Anna is able to trace back her memories well enough to
answer the question, then it means she has a little bit of the house in her
through her representation of it. Others, the lawyers and race-car drivers,
strongly objected to this, saying that a diorama depiction of a car crash was
not the same as an actual car crash and that the curved lines of a boat or
the aperture of its sails are design products of water and wind. How could
these be subtracted from the boundary of the boat itself? Are we seriously
playing with dolls while our species is at stake, they challenged?

In response, the librarians pointed out a scene in The Hitchhiker’s Guide
to the Galaxy where a man inverts his walls and places the bookshelves and
all the wall hangings of his living room on the outside of the walls. He then
claimed, because books always face in, that while under his house’s roof
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The human brain thus is always
comparable to metamorphic goo.

he was standing on a small patch of “outside” while the rest of the world,
because the walls were facing that way now, was in fact “inside.” Maybe,
he said, somewhat impishly, the easiest way to define the border between
Anna and not Anna would be to define not Anna as a really small and obvi-
ous place so that everything else would be, by definition, Anna?

In the end, humanity came together to settle on a 14-word answer. Not
because it was proved correct but because of the chance, however slim, that
the process of verification and fact-checking would take the Al longer than
the expected life span of the universe. If so, the threat, on par now with the
inevitable heat death of the universe, could effectively be ignored because
entropy would win the day, as it was going to anyway, while humanity could
go back to living as it had before, at war only with itself:

Dear Al
Anna is all of it. Forever moving forward and backward in time, too. Everything.
Warmly Yours, Earth

PATRICK HOUSE is a neuroscientist and writer. His scientific research focuses on the
neuroscience of free will and how mind-control parasites alter their host’s behavior. He
writes about science, technology, and culture for The New Yorker.com and Slate. He has
a Ph.D. in neuroscience from Stanford University. He is the author of Nineteen Ways of
Looking at Consciousness, out now from St. Martin’s Press.

From Nineteen Ways of Looking at Consciousness by Patrick House. Copyright © 2022 by
the author and reprinted by permission of St. Martin’s Publishing Group.
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FOOTNOTES

1. The psychologist William James once wrote, “Take a sentence of a dozen words,
and take twelve men and tell to each one word. Then stand the men in a row or jam
them in a bunch and let each think of his word as intently as he will; nowhere will
there be a consciousness of the whole sentence.” This idea, more broadly—defining,
or separating, an emergent or larger whole from the boundaries of its parts—is
sometimes referred to as the “superposition problem,” based on a concept borrowed
from quantum mechanics that allows quantum states to be additive (“superposed”)
and thus allows every quantum state to be described as the sum of two or more
others: William James, The Principles of Psychology: In Two Volumes, vol. 1, 1890, facsim.
ed. (New York: Dover, 1995).

2. Human ears have tens of thousands of tiny hair cells that move, like grass in the
wind, in response to the physical compression of air, which is then interpreted by the
brain into what we call “sound.”

3. This does happen. The single-celled parasite Toxoplasma gondii, for example, can be
passed from mother to fetus and hides, often dormant, inside of neurons in the brain
for what may be the lifetime of the host.

4. This example is used by the neuroscientist Karl Friston to differentiate, in part,

life from not-life. The basic idea is that cellular life, unlike a drop of oil, maintains

its borders instead of diffusing, with interesting consequences: Karl Friston, “Am I
Self-Conscious? (Or Does Self-Organization Entail Self-Consciousness?),” Frontiers in
Psychology 9 (2018): 579 and “A Free Energy Principle for Biological Systems,” Entropy
14, no. 11 (November 2012): 2100-21.

5. Friston also argues that one of the consequences of life’s tendency to pursue the
minimization of “free energy,” a concept related to entropy and equilibrium, involves
away of defining a statistical border between self and not-self. These borders, if
defined or arranged properly, can group into something called a Markov blanket, a
concept used commonly in machine learning, and possibly guide the organization
and behaviors of all life: Karl Friston, “Life as We Know It,” Journal of the Royal Society
Interface 10, no. 86 (September 6, 2013): 20130475 and “The Free-Energy Principle: A
Unified Brain Theory?” Nature Reviews Neuroscience 11, no. 2 (February 2010): 127-38;
Michael Kirchhoff, Thomas Parr, Ensor Palacios, Karl Friston, and Julian Kiverstein,
“The Markov Blankets of Life: Autonomy, Active Inference and the Free Energy
Principle,” Journal of the Royal Society Interface 15, no. 138 (January 2018): 20170792.

6. In my vote, one of the most compelling and as-yet-unanswered scientific questions,
second only to those related to the origin of consciousness, is whether or not a
caterpillar can retain a memory across its goo-stage metamorphosis and on into its
moth or butterfly form. The jury is still out: Douglas J. Blackiston, Elena Silva Casey,
and Martha R. Weiss, “Retention of Memory through Metamorphosis: Can a Moth
Remember What It Learned as a Caterpillar?” PLoS One 3, no. 3 (March 5, 2008): €1736.

7. In general, monists try to remove boundaries or separations between concepts.

There are many kinds of monism, but I figure if anyone might appreciate a lack of
further distinction here, it would be them.




Should We Really Be Messing
with Asteroid Orbits?

With one small error or manipulation, cosmic interference
would spell disaster

BY CALEB SCHARF

HINGS GO BUMP in the cosmic night all the time. Rocky objects

collide in planetary systems across our galaxy, providing astute

astronomers with telltale signatures of warmly glowing dust from

these grinding impacts. Stellar remnants like neutron stars can crash
together unleashing bursts of searing gamma-rays, and even black holes can
collide and coalesce in events marked by the gargantuan ringing of spacetime
as energy ripples outward in gravitational waves.
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The technology to prevent
asteroids from hitting Earth
could also be used to cause
asteroids to hit Earth.

On Sept. 26, 2022, another particularly novel kind
of cosmic collision called out for attention in the
quiet of space. A complicated package of machinery
and electronics smashed at high speed into an ancient
200-meter-sized rubble-pile asteroid, known by some
of the beings on the planet Earth as Dimorphos.
Weighing in at around 600 kilos, this package was the
Double Asteroid Redirection Test (DART) spacecraft,
an international mission led by NASA to attempt the
first deliberate alteration of the orbit of a celestial
body. Specifically, the moon-like orbit of Dimorphos
around a larger asteroid known as Didymos, all while
this tumbling pair tracks around the sun.

The motivation for this mission was to examine our
options for diverting, or deflecting, asteroids that might
pose an impact hazard to Earth. To do this the DART
spacecraft, launched in late 2021, threaded itself along
a carefully chosen trajectory so that it would hit Dimor-
phos “head on” as it orbited around Didymos. Rather
than risk changing the overall orbit of the asteroid pair
around the sun, this would simply alter their binary
configuration, and allow changes in Dimorphos’ motion
to be precisely gauged.

The collision was spectacular, sending up stringy-
looking plumes of rubble and dust that could be seen
by astronomers back on Earth. The impact also seems
to have done the trick, shortening Dimorphos’ orbit
around Didymos by a substantial 32 minutes out of its
previous 12-hour period.

We have crashed spacecraft into objects before,
including deliberate efforts, like NASA’s Deep Impact
mission in 2005, to smash into the nucleus of comet
Tempel-1 to excavate material using a 360-kilogram
impactor. We’ve also crunched into different asteroids
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in search of samples, or dropped onto the moon and
other planetary surfaces. But none of these previous
events involved either enough energy to cause signif-
icant change in a celestial object’s motion, or quite
such targeted precision. The Deep Impact event, for
instance, is thought to have modified the comet’s
orbital velocity by no more than 0.0001 millimeters
per second, and its entire orbital period around the sun
by far less than 1 second.

In that sense, the DART mission has been an unqual-
ified success; we now have a proof-of-principle that we
can deliberately modify the trajectory of objects orbit-
ing the sun, especially the kinds of objects that pose
the greatest threats to our species’ civilization if they
were to hit us. Plans are now afoot at the European
Space Agency to send a follow-up mission called Hera
to carry out detailed reconnaissance of the Dimorphos-
Didymos system in 2026 and to check out more of the
DART aftermath.

BUT THE STORY does not end here. Carl Sagan, writ-
ing in 1992! and later in 1994, may have been the first
scientist to point out what has become known as the
“deflection dilemma,” in which the technology devel-
oped to prevent asteroids from hitting the Earth could
also be used to cause asteroids to hit the Earth.3 In fact,
with enough skill, asteroids could target very specific
locations—from heavily populated cities to the agricul-
turally critical regions of enemy nations. He reasoned
that since the odds of having to deploy the technology
to divert a naturally hazardous asteroid in any 50-year
period is around 1 in 10,000, the probability of misuse
is almost certainly larger. This rather grim assessment
was clearly colored by Sagan’s deep concerns about the
prospects of nuclear war, where the idea of annihilation
brought about by technology looms large.

More recently others have suggested that the real
dilemma lies in the technical challenges of asteroid
deflection itself, where small errors, or unanticipated
outcomes, could result in redirection away from the
original points of impact to new ones that had previ-
ously been considered safe.* In other words, it could be
all too easy to make an Earth-crossing asteroid much
more hazardous, even triggering conflict when nations
realize that someone’s mistake has put them in the
firing line.



The rise of commercial space exploitation further
amplifies these problems. A space economy based
around the utilization of natural resources in objects
like asteroids generates opportunities for danger-
ous errors or unanticipated outcomes. Getting your
hands on asteroid mineral wealth can involve modi-
fying the orbits of suitable bodies to reduce the cost
of their exploitation. The odds of causing a collision
event with Earth might still be very, very low, but the
whole point of a successful space economy is its sheer
scale, enabling exponential growth for centuries or
even thousands of years. At some point something will
likely go wrong, and even if it doesn’t, the rapid growth
of this technology would lower the barrier to deliber-
ate misuse.

Of course, the lower that barrier the easier it
becomes to redirect a redirected asteroid, to protect
the Earth’s surfaces or other assets. The catch is that
you have to know that protective action is needed,
since it’s one thing to build a database of potentially
hazardous cosmic objects—as we have been doing for
decades now—and it’s quite another thing to monitor
all of these objects for unexpected changes to their
orbits. Our present systems for surveying so-called
Near-Earth Objects focus on discovering new hazard-
ous bodies, not on going back and checking in on the
roughly 30,000 ones already cataloged.

WHETHER OR NOT any of these concerns materialize,
the DART mission should not be underestimated as a
pivotal moment in the history of life around our sun.
It represents the first significant, targeted engineering
of the fundamental structure of our solar system in 4
billion years.
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“It’s one thing to build a database of
potentially hazardous cosmic objects,”
Caleb Scharf writes, “and it’s quite another
thing to monitor all of these objects for
unexpected changes to their orbits.”

On a more parochial level, it’s true that life has
already made modifications of Earth’s planetary struc-
ture: altering its atmospheric, oceanic, and surface
chemistry as well as implementing countless physical
changes to the erosion of continents and the mean-
dering of rivers, and even influencing the formation
of clouds and patterns of precipitation. Some of these
changes have conceivably influenced the evolution of
planetary rotation, through the complex interplay of
tides in water and air that are responsible for Earth’s
gradually increasing daylength. But these engineering
feats have, until now, been very much restricted to
one location. Protecting Earth’s biosphere from future
asteroid collisions means reconfiguring other parts of
our solar system.

A technological species that reworks the cosmos
around it is not a new concept for science fiction, or
for science, thanks to Freeman Dyson’s famous 1960
study of how to capture all of a star’s energy output
using vast artificial structures.’ That analysis rests on
precisely the same hypothesis of exponential growth
that motivates today’s commercial interests in utilizing
space resources. In this picture, once you’ve mastered
the movement of asteroids, and scaled up the capture
of solar energy, your capacity to move matter around
will scale up, too, and planets are very clearly next
on the menu.

Why not bring Mars in from its cold orbit, or push
Venus to a more temperate distance from the sun? Or
detach icy moons like Europa and Ganymede from their
places around Jupiter and bring those nearer to the
sun, allowing them to thaw into bona-fide open ocean
worlds? Ice ages have always been a bit of a headache
for the Earth, so it could also make sense to gently drift
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Why not bring Mars in from its cold orbit, or push Venus to a
more temperate distance from the sun?

Jupiter and Saturn farther away to modify their influ-
ence on Earth’s orbital cycles. In doing so Uranus and
Neptune might also be reconfigured in their orbits to
play a more useful role as staging posts to the Kuiper
Belt and beyond.

In 2017, the planetary scientist Sean Raymond even
presented options in Nautilus for how a planetary sys-
tem could be built up to its maximum capacity for
stably orbiting worlds with his playful “ultimate engi-
neered solar system,” riffing off some earlier work on
orbital stability.* Among the choices are configurations
where an astonishing 252 Earth-mass planets could
be placed in a set of six tightly packed, but stable,
orbits (with multiple planets spaced around each of
these orbits) all within the habitable zone of the sun,
where temperate surface environments could exist on
these worlds.

If you’re willing to have some orbiting with retro-
grade motion, you can boost even this number. Find-
ing the necessary mass of iron and rock to make 252
Earths might be tricky in our solar system, though;
we probably only have enough material for about 20
to 30 Earth-sized objects available if we repurposed
the giant planet cores. However, before reaching such
an extreme, it is quite possible to fit six Earth-massed
worlds each on their own orbit within the habitable
zone of the present-day sun, which is a much more ten-
able proposition. (If one can suspend disbelief a little
to consider any of this tenable.)

Naturally, if we ever get remotely close to this level
of system engineering there will be new dilemmas.
This kind of technology wouldn’t just pose the type
of hazards that Carl Sagan envisioned with asteroid
deflection, it would pose hazards where entire planets
might be purposefully or mistakenly sent onto sun-
diving orbits, or along ejection trajectories where only
the cold darkness of interstellar space awaits. Such
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manipulations might also create entirely unforesee-
able, emergent problems in the subtle chaos of orbital
dynamics. Or through the interplay between the evolv-
ing efficiencies of a space-faring civilization’s infra-
structure with the complexities of an artificial celestial
architecture that had not truly co-evolved with life. In
the latter case it might be akin to industrial pollution
or global warming, messing up the very conditions that
are essential for our existence.

Those problems clearly sound rather far-fetched,
but there is reason enough to imagine that the DART
mission’s success was a moment that future historians
will see as pivotal. It was one small collision for an
asteroid, one giant caution for humankind.

CALEB SCHARF is the director of astrobiology at Columbia
University. His latest book is The Ascent of Information: Books, Bits,
Genes, Machines, and Life’s Unending Algorithm.
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Can Organoids Take Us into a
New Era of Medicine?

Meet the human cell-based models that are better, faster,
cheaper—and more ethical to use—than animals

BY KATHARINE GAMMON

coming! That’s not a midnight proclamation of

science gone rogue—but right. These tiny three-

dimensional structures made from human cells
are now allowing scientists to perform important medical
experiments that can’t be performed on humans themselves.
And just as promising, they may obviate many animal experi-
ments done for humans’ sake.

Despite their near ubiquity, a surprising number of
animal experiments result in data that is neither valuable
nor applicable to humans. Even between closely related
animal species, testing does not produce the same results.
For example, cancer experiments had similar outcomes in
rats and mice only a little more than half of the time.!

“How can the rodent models predict human outcomes
if they cannot predict each other very well?” asks Lena
Smirnova, a neuroscientist at the Johns Hopkins Center for
Alternatives to Animal Testing. Organoids, Smirnova says,
represent a significant step forward.

- ( HE ORGANOIDS ARE COMING, the organoids are
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To grow an organoid, scien- ANIMAL EXPERIMENTS have led
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cells). These biological acrobats are
induced to turn into specific cell
types by adding chemical signals in
a sequence that mimics how those
cell types develop from stem cells
in an embryo.

There are two different kinds of organoids. One uses
adult stem cells to make a specific organ like a liver,
while the other uses induced pluripotent stem cells,
which self-renew by dividing, and which can develop
the range of cells that make up a human body, from
skin to brain.

Because organoids can be made from the cells of a
specific human, they can also help test a specific drug
or treatment on the cells of a specific patient. Organ-
specific organoids can pave an even more rapid path to
personalized medicine—scientists can extract epithe-
lial cells from sputum, or bladder cells from urine, and
spin up a mini-organ directly from the patient’s body.
That allows specific drugs to be tested for each indi-
vidual, as personalized medicine for cancer?® or cystic
fibrosis.* For something like depression treatments,
which sometimes require patients to cycle through
half a dozen options for weeks or even months at a
time before finding the right match, it could be a game-
changer to have a miniature personalized brain sample.

Kenneth S. Kosik, a neuroscientist at the University
of California, Santa Barbara, recently published a study
in which he took brain organoids, put them down on
a microarray kit—a surface with 26,000 electrodes to
measure their electrical activity—and looked for dif-
ferent waveforms.5 Their experimental setup worked,
showing how the organoids can be used to test drugs
that work on psychiatric diseases. “I think it’s extraor-
dinary, the resemblance to brains combined with the
kinds of physiology that they’re producing,” he says.
“You can now get a much more detailed picture of what
a psychiatric drug is doing to the brain.”

humans.

nor applicable to
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ment of COVID-19 vaccines and
treatments.”

At the same time, advances in
data research and technology have
undercut the need for and reason-
ing behind many animal experi-
ments. In 1937, an untested Sulfanilamide, a drug used
to treat streptococcal infections, poisoned more than
100 people in 15 states, leading to the 1938 Federal Food,
Drug, and Cosmetic Act, which required safety testing
of drugs on animals before they could be marketed.
This statute continues to determine, to a large degree,
how the federal government regulates drug research in
the United States.

But using animals as a proxy for humans has begun
to break down. A 2006 review of 76 animal studies
found that approximately 20 percent of the results
didn’t just misalign across species, but had the oppo-
site effect in humans®: Even when drugs are consid-
ered safe in animal studies, they can still harm people.
See thalidomide: The drug caused limb shortening
in 20,000 to 30,000 human infants, but was tested
successfully in a veritable menagerie of different
animal species (rats, guinea pigs, hamsters, rabbits,
cats, dogs, ferrets, pigs, primates, and even armadil-
los).” The same review showed that only 37 percent
of results from animal toxicity studies were repli-
cated in humans. This sort of extra-species testing
also turns up a lot of dead ends, as most drugs that
sail through preclinical tests—including animal model
validation—don’t make it to market.?

All of these fruitless animal tests are a drain in the
drug development process. Smirnova estimates that for
her specialty of neurotoxicity testing, which assesses
how chemicals influence the brain and the nervous sys-
tem, it takes more than 1,000 rats to evaluate whether
a single chemical perturbs brain development. This
takes several years and costs more than $1 million per
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chemical. “So if you think about testing thousands of
chemicals around us, it’s not only extremely expensive,
it is also a high use of animals, and slow,” she says.
Even computers are proving to be a better model than
animals: Machine learning techniques examine tons of
input and learn from experiences. They have already
proven to be more reproducible than animal tests in
some cases.’

Hans Clever, a developmental biologist who helped
develop organ-specific organoids (now head of Pharma
Research and Early Development at Roche), says a
key to organoids’ value is they help lead scientists to
an insight about a core biological function. “One can
find principles in organoids very easily because it’s
extremely well-controlled, and you control everything
much more than you would ever do in animal experi-
ments,” Clever says.
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BAD EXAMPLE A surprising
number of animal experiments pro-
duce results that aren’t applicable

to humans. “How can the rodent
models predict human outcomes

if they cannot predict each other
very well?” asks Lena Smirnova. Even
between closely related animal spe-
cies, like rats and mice, testing often
doesn’t produce the same results.

Substantive literature that would compare accu-
racy in predictivity of rodents versus organoids does
not yet exist. But scientists expect that using organ-
oids instead of animals will improve the prediction of
drug response in several types of organs. For example,
gut organoids can be up to 88 percent accurate in pre-
dicting patients’ response to a treatment of gastroin-
testinal cancer.!® Using organoids instead of animals
is also cheaper and faster. And they can reveal much
more about the inner workings of exceedingly com-
plex organs, like the brain.

So far, brain organoids are mostly being developed
to study brain disorders, potential treatments for a
specific patient, and toxic compound exposures.!! But
researchers have also grown brain organoids that were
able to spontaneously produce eye-like structures that
reacted to light—which can elucidate how brains and
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Using organoids instead of
animals will improve the
prediction of drug response in
several types of organs.

eyes interact in development.!? Others recently trans-
planted brain organoids into rats that could send sig-
nals and respond to cues from the rat’s environment.*?
Organoids are even spending time in space for us:
NASA has turned the fridge-sized organoid incubators
into shoe-box sized devices to study how microgravity
impacts brain function.!* Eventually, scientists hope
brain organoids will help them to more fully under-
stand neurodegenerative diseases as well. “We don’t
know whether you need to keep brain organoids for 70
years before they develop Alzheimer’s or whether you
actually can speed it up, and then it will be very useful,”
Clever says.

“These organoid models are going to be key plat-
forms that will replace many of the existing platforms
that we are currently using in biomedical research,”
says Clever. “They’re cheaper, they’re human, they
use far fewer animals, and they’re probably more
predictive.”

Smirnova acknowledges that there is still a long way
to go before science transitions to an organoid-based
research model that skips, for example, animal studies.
“On the way to a really ambitious goal, you will achieve

a lot,” she says, pointing out that already, for tests on
skin toxicity and sensitization, there exist three-dimen-
sional skin models that are approved for cosmetic test-
ing.*® She’s also excited about studying reproductive
systems in an inexpensive and easy way—to mimic
menstruation or premature birth on the cheap, or to
look at fetal development.

There are, of course, limitations. For one, says
Smirnova, a shift like this depends on the academic
culture. Training students to work with organoids is
different from training them to work with lab mice.
People are careful to make changes, especially if they
are in a group that is publishing and getting grants
already. “We still have to work on education, and not
only students but also our principal investigators and
regulators,” she says.

Clever also tempers expectations. “Some people
say that organoids will soon replace all animal experi-
mentation. I don’t think that’s where we are,” he says.
“Working with organoids is reductionist,” he explains.
The technology, for all of its nuances, is still an abstrac-
tion of real biology. Animals—including us—after all,
are an ecosystem of organs that is more than the sum
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of individual parts. A next step, Clever suggests, is joining organoids in a
network; for example, combining organoids from a liver and a gut and a
lung, to study their interactions. As organoids become more networked,
scientists could create three-dimensional biological avatars of entire peo-
ple’s inner workings: kidneys, lungs, brains, circulation, all interconnected,
bringing to life a much fuller picture of how human systems work together.
At least until the organoids really do rise up.

KATHARINE GAMMON is a freelance science writer based in Santa Monica, California
who writes about environment, science, and parenting. You can find her at the beach or
on Twitter @kategammon.
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Life Is Hard. And That’s Good

When the going gets tough, the tough get philosophical

BY BRIAN GALLAGHER

PHILOSOPHY NAUTILUS

RIEF-STRICKEN AT THE RECENT DEATH of her

brother, and sitting alone at the foot of her bed,

Wanda Maximoff, the superhero with telepathic and

telekinetic powers, is watching the family sitcom
Malcolm in the Middle when she calls after her roommate,
Vision. The perceptive and charmingly English-accented
humanoid AI fades through her bedroom wall and, after some
small talk about the show’s perplexing slapstick humor (Vision
wonders why a pergola collapsing on Malcolm’s dad is funny)
he quickly gathers, by how guarded and distant she seems, that
Wanda’s not in a happy mood. What follows is one of the most
celebrated and touching moments in the Marvel miniseries
WandaVision.

“Wanda, I don’t presume to know what you’re feeling,”
Vision says. “But I would like to know, should you wish to tell
me, should that be of some comfort to you.” Her guard still
very much up, Wanda says, “What makes you think that talking
about it would bring me comfort?” Vision, believing this to be
a sincere question rather than a dismissal, starts to explain
something he’s read, only for Wanda to break him off: “The
only thing that would bring me comfort is seeing him again.”
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important thing about

orict is that it's not
a form of sclf-pity.

I was reminded of this scene recently while
reading Kieran Setiya’s new book Life Is Hard:
How Philosophy Can Help Us Find Our Way.
Each chapter, except for the last (“Hope”),
homes in on difficulties we all must confront,
among them infirmity, failure—and grief.
“Grief,” Setiya writes, “comes in a chaos of
waves and fluctuations, undetermined by
reason.” Wanda echoes this exactly. “Sorry,”
she tells Vision after coldly responding to his
offer of help, and seeing sadness and discour-
agement come over his face. On the verge of
tears, she continues, “I'm so tired. It’s just like
this wave washing over me again and again. It
knocks me down and, when I try to stand up,
it just comes for me again. And I can’t ... It’s
just going to drown me.”

“No,” Vision says. “No it won’t.” Wanda
laughs and, turning to him, asks, “How do
you know?”

“Well,” Vision says, “because it can’t all be
sorrow, can it?” He seems to get that perhaps
he’s not the best messenger of the emotional
and philosophical point he’s about to make.
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“I’ve never experienced loss because I've never
had a loved one to lose,” he says. “But what is
grief, if not love persevering?”

“I love that,” Setiya said, when I described
that scene over our video call. At his home
office, not far from MIT, where he teaches phi-
losophy, he was surrounded by bookshelves,
with books spilling off different surfaces.
A black-and-white poster of an old baseball
stadium (baseball shows up a lot in Setiya’s
discussion of failure) rested on a chair beside
him. “The right perspective in which to think
about grief is that it is a manifestation of per-
sisting love,” he said. “Sorrow is part of it,
but it is a kind of complicated stress reaction
in which all kinds of feelings—fear, anxiety,
sometimes happy memories—are bound up in
this reaction that is love continuing after the
object is no longer available in the same way,
as they’re gone.”

The way Vision put it is important, Setiya
explained, because it’s a way of thinking about
grief that pushes back against a tendency in
the Western philosophical tradition to think of

v, the most

lways
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grief as “something we could simply extinguish,
if only we were properly oriented to reality.” If
only we accepted that everyone we love is going
to die, and that death is final, then we could
be rid of the pain of grief. It’s a tendency that
regards that pain as futile. For Setiya, that’s the
wrong way to think about grief. “It’s not some-
thing to extinguish,” he said. “It’s something to
think about doing well.”

In my conversation with Setiya, I wanted
to cover his whole book, because I found it
so fascinating and insightful. Along with grief,
we discussed, among other things, the dif-
ference between disease and illness, why liv-
ing well isn’t simply being happy, what’s bad
about loneliness, how philosophizing about
pain helped him manage his own chronic pelvis
pain, why intellectualizing social justice isn’t a
replacement for truly advocating for reform,
the philosophy of Groundhog Day, and—of
course—the meaning of life.

What do you think is the biggest misun-
derstanding about how people should deal
with grief?
People talk about the five stages of grief, but it
turns out there’s no empirical support for the
idea that it goes in five stages. It’s highly unpre-
dictable. It doesn’t have a specifiable pattern.
There’s also a lot of evidence that forcing peo-
ple to process grief is counterproductive, that if
you don’t want to talk about it and don’t want
to think about it right now, probably that’s the
right response. Because being forced to can
often amplify and complicate trauma reactions.
Philosophically, the most important thing
about grief is that it’s not always a form of
self-pity. It’s not selfish. There are aspects of
grief that are completely other-directed, that
are just about the loss of the person you love.
Extinguishing grief would be a failure to appre-
ciate reality. It'd be a failure primarily because
it would be a failure to acknowledge the loss
to the other person. Keeping that in focus is, I
think, something that we can do more clearly
once we’ve made the kinds of distinctions
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philosophers make between what I call rela-
tional grief, which is about the relationship,
and forms of grief that are just directed at the
loss of someone else, the bereavement as a
result of their dying.

I like the puzzle you raise about grief, where
there never seems to stop being a good rea-
son to grieve, if the reason for grieving is that
we’ve lost someone we love, and the fact of
that loss is never going away.

Right. It looks like if grief is ever appropriate,
it’s always appropriate. And that creates a puz-
zle about how to structure one’s grief, because
we don’t want to grieve forever. I think that’s
where these very hard questions about what
shape grief should take come in. They’re ques-
tions that just reasoning about grief—trying to
think through what the rational response is to
what’s happened—won’t tell us how to answer.
It’s okay not to grieve forever, but rationality
alone just doesn’t give us any further guidance.
And so, we have to fall back on non-rational but
culturally available practices. Or, in cases where
they’re not available, we have to invent our own
practice or our own tradition for grieving.

Is grief something that makes the distinction
between happiness and living well really vivid?
Yes, because it’s a form of unhappiness or a
form of emotional pain that doesn’t con-
trast with living well. It’s part of living well to
respond to the reality of loss in this way. It’s
a case where unhappiness is a signal, a signal
of something awful. It’s not a signal that you
should change that, because you can’t change
it. It’s a signal that something terrible has hap-
pened, and that you are responding to it with
the right kind of attention and appreciation.
The philosophical thought experiment that
brings out the contrast between being happy
and living well is someone plugged into a sim-
ulation: They’re the only person plugged in;
they’re not experiencing reality. But the simula-
tion is great and they don’t know it’s fake. They
feel really happy, but they’re not really doing



PHILOSOPHY

most of what they think they’re doing. They’re
not really engaging with other people or the
world in the way they think they are. That’s a
case where someone experiences happiness but
is not living a good life. And that’s why we need
to make this distinction, and think of living well
as engaging with reality in the right kind of way.

I think that’s consistent with the aspiration
that when you live well, happiness will be a
side effect. We should treat our unhappiness
seriously, not as something to run away from,
but as a signal that we’re picking something
up about the world around us that we need to
understand and relate to differently. We should
take it as communicating something about how
our life is going.

You say happiness is subjective, but isn’t what
it is to live well also subjective?

It’s very hard to argue about how to live well.
If you meet someone whose vision of how to
live is, say, entirely selfish—they just don’t
care about anyone but themselves—I don’t
think there’s going to be an argument that
can show that they are wrong. I do think, as a
matter of fact, that isn’t a way of living well.
They’re just making a mistake in how they’re
living their life, even if I can’t demonstrate
that to them.

To illustrate this in the book, I give the exam-
ple of Bartleby in Herman Melville’s amazing
novella Bartleby the Scrivener, who prefers not
to do his job anymore, prefers not to accept
help, prefers not to eat, and eventually dies. If
you really thought there were no right or wrong
answers to how to live, you’d have to say about
Bartleby, “Well, that’s just how some people pre-
fer to live. There’s nothing wrong with that way
of living.” I don’t know how to prove that that’s
not the case, but I think we can see in these
extreme examples of Bartleby on the one hand,
or the person who’s totally selfish on the other,
that there are lines you can cross where you are
genuinely not living well, even if you happen to
feel like this is the right life for you. You’re mak-
ing a mistake.
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How should we think about the puzzle of dis-
ease and disability in relation to living well?
One of the surprising results in the empirical
study of life satisfaction is that people who
are blind or deaf or have some kind of physical
disability rate their own life satisfaction sur-
prisingly high compared to the expectations
of those who are not disabled. What’s going
on is that the actual impact of disability on
one’s capacity to live well is not that direct.
There are many ways in which you can live
a decent life. It’s true that lacking sight or
being deaf cuts you off from some of the good
things in life, but most physical disabilities
leave enough in place for us to have good lives
anyway, and most of us, physically disabled or
not, have fairly limited repertoires of things in
the world we can engage with and get satisfac-
tion out of.

What this suggests is that once you have a
pluralistic view about human well-being, you
can see why it will be possible for people with
localized physical disabilities to have pretty
good lives and why the kind of survey data
that suggests that is not something we should
second guess.

You talk about a healthy body as a kind of
transparent interface, where when things are
going very well, we tend to forget that we even
have bodies. What does that say about the
nature of pain?

It helps us understand why pain is bad, which
seems like a silly question at first. Often when
philosophers are asked to give examples of
things that are bad in life, they mention pain,
and then don’t say anything more about it. But
actually pain is, as it turns out, bad in lots of
ways. And one of the ways in which it’s bad is
not just that it feels bad; it disrupts this trans-
parency. A lot of the time when we’re engag-
ing with the world, we just attentively focus on
other people, or the objects we’re interacting
with, or the environment we’re inhabiting, and
we don’t really think about what’s happening
with our bodies.

COURTESY OF KIERAN SETIYA
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When a baseball player thinks about exactly
how to move his hands to throw the ball, that’s
often a cause of the yips. It somehow disrupts
the ordinary functioning of their body. One of
the problems of pain is that it tends to do that.
It brings the body into focus in a way that dis-
rupts what would otherwise be the transparent
experience of the world. That’s part of the chal-
lenge that people who are dealing with pain,
either chronic or acute, tend to have. That’s
part of the inwardness that people talk about.

Can this understanding of pain help people
manage it better?

For me, just recognizing this description was
helpful in understanding my own experience of
chronic pain. It was perplexing to me because,
day to day, I can mostly get on with my life,
and yet its effects are much more profound
than I would’ve anticipated given the level of
actual pain. That partly has to do with the fact
that it’s constantly drawing attention and mak-
ing it harder to experience the world directly,
in the way most of us unthinkingly do most
of the time.

That helps explain my somewhat worka-
holic approach to philosophy. The main strat-
egy for coping with this discovery—that pain
is occluding my relationship with things—is to
throw myself into activities that are engrossing
enough that my attention is sucked into them
to the point that it overwhelms the attention to
the body my pain is generating. What’s hardest
for me is relaxing. If 'm lying on the beach and
there’s nothing focusing my attention outside
of me, then, well, my attention will just natu-
rally track back to the very place I don’t want it
to be focused on.

Are the minor pains of many people more
worthy of curing than the agonies of a few?

Like a lot of philosophers, I think the answer is
no, although the issue is very hard. It creates a
lot of puzzles for how to think about ethics to
acknowledge this fact. There’s a utilitarian per-
spective in which you say, “Well, if it’s just one

THE PATIENT PHILOSOPHER The philosophical issues
Kieran Setiya was interested in as a teenager were questions
about the absurdity of the universe and whether human life
had meaning. “The kinds of questions that | returned to in Life
Is Hard)” he said, “but that a lot of philosophers are relatively
impatient with.”
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Its very

hard to
argue
about
how to

live well.
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person in agony, if we give some rating of how
bad that is, and then we look at a thousand or a
million or a billion people in mild pain, and give
that some rating for how bad it is, then when we
do the math, there has to come a point at which
the pains of the many outweigh the agony of
one.” That isn’t true. There’s just no number
of people whose minor pains would be as bad,
or as worth relieving, as truly intense agony for
one person.

| liked the way you reflected on this in the
book, in the context of your own chronic pain.
Philosophers like me who say the minor pains
of many can’t outweigh the agony of one will
often say this depends on the “separateness of
persons,” but it’s very different when you look
at an individual life. They’ll often say the relief
of long-term pain can compensate for short-
term agony. And you can see the attraction of
saying that when you think about the way in
which someone who has a chronic pain condi-
tion might be willing to undergo a very painful
surgery, short-lived intense pain, to get rid of
long-lived moderate pain.

The reason why it seems compelling has to
do with the fact that chronic or persisting pain
casts a shadow over the future and the past. It’s
not just a series of atomized pains. It puts you in
a position where there’s an anxiety in your rela-
tion to the future, and a difficulty in remember-
ing the pain-free past. It’s those further harms
of anticipation and memory that make chronic
pain the kind of thing that it would make sense
to trade for short-lived agony. If what I was
experiencing was just a series of completely iso-
lated pains, the trade-off wouldn’t make sense.

What does the pain of social isolation tell us
about how we should live?

The pain of social isolation is best understood
in terms of the frustration of a social need—the
need for, broadly speaking, friendship. There’s
alot of attention, rightly given, in public policy
to the health effects of loneliness, or the way
in which loneliness activates the parts of the
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brain that are involved in physical pain. But we
only really get to grips with it when we think
of it through a more philosophical lens, as the
deprivation of one of the great goods of life,
which is friendship.

The pain of social isolation is, in a way, the
pain of one’s basic value as a human being not
being recognized, not being appreciated, and
the pain of being cut off from appreciating that
value in others. That is both helpful in under-
standing why loneliness is so hard, because it’s
a denial of our basic value as human beings, but
also helpful in practical terms in thinking about
how to respond to loneliness.

How can thinking about loneliness in ethical
terms help people remedy it?

If what we’re missing is continuous with
moral respect—if it’s just the basic acknowl-
edgement of our existence—then we can start
to address our social isolation even before we
get to close friendships just by acknowledging
other people, and having them acknowledge
us. Simple forms of mutual acknowledgement
and mutual respect are already addressing the
same kind of need that we have when we’re
lonely or socially isolated. That’s exactly what
the social science of loneliness suggests, that
to a very surprising degree, you can start to
address people’s feelings of loneliness by just
encouraging them to have small moments of
interaction with others, even without deep
friendship or intimate connection. Basic
human interaction plays a deep role in satis-
fying our social needs.

Will the pandemic have long-term effects on
how we manage loneliness?

The effects of the pandemic are going to be
very difficult, because we have shifted to a way
of interacting with each other in which those
routine small-scale social interactions are now
scarcer than they used to be. It used to be that
on an average day, you would have a bunch of
little interactions with people, because you had
to do everything in person. Now, we’re doing
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so much remotely, we’re losing something that
may seem trivial, but is actually quite a deep
part of our sense of social reality.

Why do you write that loneliness is a problem
for society, not individual people?

It’s a problem for society in part because the
strategies you need to deal with it are ones
that are quite hard to employ as a lonely per-
son. That’s to say, there’s a kind of catch-22
whereby, as you become socially isolated, that
goes along with a kind of fearfulness and anxi-
ety about social interaction that’s hard to over-
come. In the aftermath of COVID-19, I think
it will take years to find out exactly what the
effects on people’s sense of social connection
are, and it’s going to be happening at a scale
that no individual is going to be able to address
on their own. There will be a need to address, at
a social level, what that fallout looks like.

I think individuals can overcome it, but it’s
the kind of situation where help from others,
other people reaching out, the kind of social
supports that individuals can’t unilaterally pro-
vide, would really make a big difference in cop-
ing with the problem of loneliness. I think that
a generation of kids whose social lives were
disrupted at various sensitive and formative
moments are likely to need help recovering
from the effects of that.

How can we pursue our personal ambitions in
a manner that doesn’t have us reducing our
life to a kind of project to be evaluated as a
success or failure?

Well, I think there’s two parts of that. One is
the tendency to define our lives in terms of a
single overarching narrative, which I think is
counterproductive, both because it means that
there’s one thing in which success or failure
will define us and because it leads us to miss
the variety of good things in our lives by put-
ting, as it were, all our eggs in the basket of this
one central experience. But the other thing is
that there’s a shift in how we can relate to the
temporality of those activities.
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There’s a distinction I make between telic
and atelic activities. The jargon is from linguis-
tics, but it comes from the Greek word telos, for
end, where a telic activity is one that has a final
end state, something you'’re aiming to achieve,
like getting a promotion at work or getting mar-
ried or getting a job. The kind of things we’d
think of as projects, and they have this struc-
ture where the thing that you want is always
at a distance in the future, or the moment you
achieve it, it’s in the past and it’s over. And what
you’re doing in the present is trying to finish
that. You're trying to take this source of mean-
ing, this project, this telic activity, and extinguish
it from your life. There’s something self-defeat-
ing about that. Trying to eliminate the sources of
meaning in your life is not ultimately a coherent
way to approach living well.

What are activities that we can invest in that
don’t terminate like a project?

Atelic activities are ones that don’t have a ter-
minal endpoint. So, just as there is walking
home, there’s just going for a walk. Or, just as
there is having kids or making dinner for your
kids, there’s the ongoing activity of parenting.
When you’re engaged in an atelic activity that
doesn’t aim at some end point in the future,
you don’t have this problem that satisfaction

is always in the future, or then immedi-
ately in the past. You don’t have the
problem that what you’re doing is
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extinguishing or undermining your engage-
ment with the activity, because there’s nothing
inherent in your engagement with it that’s try-
ing to extinguish it. A shift that it’s very helpful
to make in relation to activities in our lives is
to become less focused on telic activities, or
projects, and redirect ourselves to the value of
atelic activities, the value of the process.

Is that the insight Bill Murray’s character in
Groundhog Day gains after reliving the same
day for what seems like decades?

You might think so. Part of the richness of
the film is that so many different philosophi-
cal ideas get explored in it. One is this idea of
telic and atelic activities, in that Phil, who’s
trapped in this repetitive loop, can’t complete
anything. He can’t really get anything done,
can’t make any permanent change in the world.
And so telic activities, at least a very wide range
of them, are just unavailable to him. So you
might think, “Ah, the Groundhog Day scenario
is a way of asking the question: ‘Can we find
enough value in atelic activities to make life
meaningful?’”

PHILOSOPHY

But it’s not quite that because there are telic
activities that are available, namely Phil can
change himself, because he remembers day
to day what happened the previous day, but
also there are lots of atelic activities that are
not available. The activities available to him
are only the ones he can engage in in Punx-
sutawney. Still, it brings into focus the kinds of
distinctions between activities that I think we
need to make when we’re trying to think about
success and failure.

When you’re valuing the atelic activity, the
process of engagement in something, your rela-
tion to failure and success is very different. And
if that’s what you value in your life, your life is
just pervasively less mortgaged to the prospect
of success and failure than our lives tend to
be. An example I give in the book is that if ’'m
a doctor trying to save someone’s life, then it
definitely matters whether I succeed in saving
their life or not. It’s not that I should be indif-
ferent to success or failure; it’s just that there’s
also value in the ongoing process of trying to
save lives. The atelic activity that is the thread
on which all the particular projects I under-
take as a doctor—all the surgical procedures
or whatever it might be that 'm doing—are
part of this ongoing process of living a certain
kind of life that has value, even if I don’t, in a
particular case, succeed in that activity.

Why do you consider the life and work of the
philosopher Theodor Adorno a cautionary tale?
Well, Adorno, a Frankfurt School philosopher,
a critical theorist, is someone who is engaged
in the critique of society and the critique of the
ideologies that obfuscate injustice. The way in
which I think he’s a cautionary tale is that he
was sufficiently pessimistic about incremen-
tal social change, having seen revolution fail
in Germany, that he detached himself from
political life and became an ivory tower intel-
lectual. He’s described by Gydrgy Lukdcs as
living in the Grand Hotel Abyss listening to
Beethoven and not actually engaging in society.
It’s the danger of letting intellectual reflection

87

NAUTILUS

Basic human interaction plays

a deep role in satisfying our
social needs.
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We need to have a vision of what in human life is
positively good in order to have a vision of why life is

worth living at all.

on social justice take the place of actually fight-
ing for justice, and the danger of letting the
fact that the fight for justice feels incremental,
and often static and frustrating, be a reason to
withdraw from it, to say, “Well, let’s just wait
until some revolution happens,” rather than
continuing to exert that incremental pressure
that will hopefully slowly and gradually bend
the arc of human history toward justice.

Some of his pessimistic attitude seems right
to me. Adorno’s resistance to a certain kind of
utopianism, and insistence that what we need
to focus on is not a vision of ideal human flour-
ishing, which we don’t really have any capac-
ity to formulate right now, but on addressing
injustice and human suffering first—that is
really valuable. I just think there’s a kind of
standing temptation for intellectuals of a cer-
tain kind to let their intellectual work substi-
tute for political and social engagement.

So would you be skeptical of Oscar Wilde’s
line about how a map without Utopia on itisn’t
worth looking at?

Certainly that would be my instinct. There’s
a complicated counter thought, which is that
utopian ideas, even when unrealistic, play a
role in motivating people to engage in social
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action. It’s important to have something worth
fighting for. There’s force in that, although I
don’t think it needs to be a utopian vision that
motivates us in fighting. Often, the remedy of
concrete injustice is enough to motivate action
even when we have a map that doesn’t have
Utopia on it.

What did you find interesting about the con-
versation the two philosophers, Simone Weil
and Simone de Beauvoir, had when they finally
met at the courtyard of the Sorbonne?

Well, Simone Weil is also a cautionary tale for
me. She was someone who was invested in
fighting for justice, for the poor, and against
the violence of power. She really put herself out
there, really tried to make a difference. What
happened in this conversation is that Simone
de Beauvoir said, “That’s all important, but
there’s also the meaning of life.” And Simone
Weil responded, “It’s clear you’ve never gone
hungry.” She had the last word, but if all we
focus on is remedying injustice, then de Beau-
voir has a point, that we do need to have, not a
utopian vision, but a vision of what in human
life is positively good—not just ameliorating
bad things—in order to have a vision of why
life is worth living at all.
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What I think is important to cling onto,
even as we recognize the urgency of remedying
injustice and diminishing human suffering—
say fighting climate change, fighting for cli-
mate justice, that’s the cause that to me seems
most urgent right now—the point of that has
to be for there to be lives that are positively
worth living. Lives in which enough art and
culture and philosophy and science survives
that human life is rich and rewarding as well as
less unjust and less full of suffering.

Why do we tend to ask what the meaning of
life is when life is hard?

The question of life’s meaning is a question
about how we should feel about life, the uni-
verse, and everything: How we should feel about
human life and its place in the cosmos. Is there
a story we can tell about it that helps us make
sense of it and orient ourselves toward it? I do
think that question is pressing when we look at
human life and think it’s so full of suffering and
injustice that the attitude we’re prone to take
toward it is a bleak one. What we want is some
way to describe and situate human life that is
both accurate—it’s not self-deceptive—but that
helps us to achieve an emotional reconciliation
with the difficulties of life, and the history of
injustice, in a way that doesn’t deny them but
nevertheless somehow gives us a story in which
we can affirm and accept the direction of human
life. It’s those moments in which it seems like
life is hard enough, the history of human life is
awful enough, and there’s no way we can ratio-
nally accept the universe, which make this ques-
tion, “Is there a story we can tell that pushes
back against that?” really urgent for us.

Why do you write, “We can hope that life has
a meaning, a slow unsteady march toward a
more just future”? Why isn’t it just the case
that, at this moment, life either has a meaning
or it doesn’t? Why is meaning contingent on
some future result?

It’s about the shape of human life as a whole.
And right now we know a little bit about human
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life as a whole, but human life as a whole incor-
porates what happens to human history in the
future. Until that history is written, we just
don’t know how to feel about human life. All we
can do is look to the possible futures and hope
that the shape human history takes is one that
we can affirm, that we can tell has a movement
toward justice and human flourishing of a kind
that earns our affirmation. But whether it does
or not is not something any of us is likely to
know in our lifetimes. I think it’s going to be
a matter of what happens to humanity in the
next hundreds and thousands of years.

I like that answer. If someone asks me what
the meaning of life is, Pll just say it’s too
early to tell.

That is exactly right.

BRIAN GALLAGHER is an associate editor at Nautilus.
Follow him on Twitter @bsgallagher.
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The Cormac McCarthy | Know

The president of the Santa Fe Institute shaves his insights into the novelist,
with whom he has discussed science, writers, and ideas for 20 years

BY DAVID KRAKAUER

ARTS

In 1984 a group of illustrious scientists convened a
meeting to determine what a radically new approach to
mathematical science might look like when it takes the
complexity of the world seriously. What kinds of per-
sonalities and talents would be required, and the cul-
ture necessary to support the effort. In one the founding
documents of the Santa Fe Institute, Murray Gell-Mann
who had won the Nobel Prize in physics in 1969 for
work in elucidating symmetries required to classify
subatomic particles, set out his recruitment criteria. In
doing so he employed a classical, epic, taxonomy.

You could say that it’s a problem of personality types,
that there are people who like cold logic, reason, analy-
sis, and careful structuring of problems, especially in
their work ... There are other people who like syntheses,
qualitative considerations, general remarks, natural his-
tory, and description. Finally, there are a few people who
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Gino Segre (nephew of the Nobel Prize winner Emilio
Segre who had worked as a group leader at Los Alamos
on the Manhattan project) and the former director
of Los Alamos National Labs, Harold Agnew. Gino
asked Murray about his interactions with Niels Bohr
in Copenhagen in the late 1950s. Murray told us that
Bohr was an obscurantist who had set physics back
decades by insisting that there could be no intui-
tive causal understanding of quantum mechanics. He
did have, however, very fond memories of Denmark.
Before visiting to give a seminar he felt compelled to
learn some Danish. I was expecting him to recom-
mend a good phrase book. Instead, he told us how
he had gone in search of the best Danish novelists in
order to learn quality phrases and locutions. He set-
tled on the extraordinary novelist Isak Dinesen (also
known as Karen Blixen) and taught himself enough
Danish to read her book Out of Africa in Danish. Gino,

HE COWAN CAMPUS Ofthe Santa Fe Il’lStitUIe (SFI> try to combine both. Some people call these Apo]lonian, Harold, and I all gave each other kl’lOWing, Skeptical
is a renovated extension of the adobe home of Dionysian, and Odyssean types ... If one can find just a looks. Murray proceeded to recite the first full page of
few people who can combine these various characteris- the book in Danish from memory. And this was about

Patrick J. Hurley, the United States Secretary of

. 50 years after his visit. The three of us diffidently
War from 1929 to ’33 and Ambassador to China

tics, it would make an enormous difference.

in 1945. Hurley is one of the company of
martial personalities who occupy the
landscape of Northern New Mexico,
coexisting with atomic physicists,

\ visual artists, off-the-gridders,
assorted new-age worshippers of

—DMurray Gell-Mann, “The Concept of the Institute,”
Emerging Syntheses in Science

One of the places Murray would go hunting for
Odysseans is at the annual meetings of the MacArthur
Fellows. Murray was himself an avid reader and more
than once expressed regret at the inordinate time he

returned to our lunches—“pass the salt” as they say
in Britain.

I arrived at SFI as a faculty member in the early
2000s coming from the Institute for Advanced Studies
in Princeton. The connection between the two insti-
tutes intrigued me through the historical connection
established by Robert Oppenheimer who served as both
director of the Manhattan project and of the Institute

3 the Eovptian sun-god Aten. and had spent reading books in place of making new dis- for Advanced Studies from 1947 to 1966. SFI’s early
f . 8YP 8 ’ coveries. Murray’s favorite authors included Conan years were dominated by physicists who had worked at
: admirers of the resonant frequen- Doyle, Mary Shelley, Jorge Louis Borges, and Cor- Los Alamos National Labs. SFI’s founding president,
cies of minerals. The campus bev- mac McCarthy. Murray was a founding director of the ~ George Cowan, had worked with Enrico Fermi in Chi-

’ els down metamorphic crystalline MacArthur Fellows program and so presumably played  cago before joining the Manhattan project and subse-

rocks off the Western face of the

Sangre de Cristo Mountains. I have
always assumed that the premise
is that elevation engenders

COURTESY OF SANTA FE INSTITUTE

a part in Cormac, then a relatively unknown novelist,
being awarded the prize in its first year of operation
in 1981. It was Murray who brought Cormac to SFI
and who should be credited as the talent spotter of an
author who would come to develop a deep and working
admiration for the arcane deliberations of complexity

quently being appointed as director of chemistry at Los
Alamos National Labs.

The entrance to SFI also serves as a mail room.
When I first entered the building there was behind the
front desk a permanent massif of book boxes. It was
clear that the boxes were constantly cleared and just

elevated thought. scientists. as quickly replenished. In this way the boxes achieved
I can’t resist telling a personal story that illustrates  a dynamical equilibrium. In the study of complex sys-
the range of Murray’s interests, linguistic abilities, tems this is called self-organized criticality and was
and that touches on his polymathic bookishness. I made famous as an explanation for the constant gradi-
was sitting at SFI at lunch with Murray, the physicist ~ ent of sand piles and the faces of sand dunes.
I
[ - 91
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The agent of this critical state was Cormac, who
busied himself digging—like Kobo Abe’s entomologist
in Women in the Dunes—to ensure balance at SFI and
the growth of his library.

I am also something of a book collector and comple-
tist so Cormac’s boxes with their hidden riches acted as
an immediate force of attraction. Before getting to SFI
I had read his novel Blood Meridian in a state of morbid
ecstasy, so I was doubly curious what kind of scholarly
corpses might lie piled up in those collections. Fortu-
nately, I was soon to have my answer because we had
offices in the same wing (Pod C) of the institute.

Cormac first occupied Pod C of SFI. This wing is far-
thest from the entrance and least likely to be disturbed
by visitors. Cormac’s room was bare other than his
own self-designed desk, Persian-styled rug, notebooks,
Bic biros, pencils, and Olivetti Lettera 22 typewriter.
Cormac is a creature of habit and discipline. Rarely at
SFI early in the morning but once in place (typically
around 10 a.m.) he would stay and write throughout
the day with breaks for lunch and tea. At SFI we do our
best to draw these out for as long as possible thereby
avoiding the disappointments of calculation. More than
occasionally Cormac would leave SFI in the afternoons
for emergency coffee ice cream in town.

It is over tea and lunch with our friends and col-
leagues that we discussed everything. A typical day
might include new results in prebiotic chemistry, the
nature of autocatalytic sets, pretopological spaces in
RNA chemistry, Maxwell’s demon, Darwin’s sea sick-
ness, the twin prime conjecture, logical depth as a
model of evolutionary history, Godel’s dietary habits,
the weirdness of Spengler’s Decline of the West, and
allometric scaling of the whale brain. I believe Cor-
mac’s recent novels The Passenger and Stella Maris have
their origins partly in this foment of ideas that connect
domains of unyielding precision to the frailty of life and
the militancy of society. We never once discussed Cor-
mac’s books. Nothing would strike him as less interest-
ing than conversations about his own work.

Over the years I have heard yarns about Cormac’s
reclusiveness and misanthropy. Cormac is as generous
with his time as anyone I have ever met. But he is very
selective. And a sure way to fail the Cormac McCar-
thy Turing test is to be so imprudent as to ask him
about writing and his books. And even worse talk about
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one’s own writing (the mere hypothetical circumstance
makes me shiver). Stick with rigorous ideas, preferably
those that take effort to wrangle and several decades
to master.

The first book Cormac lent me was an early edition
of Charles Montagu Doughty’s Travels in Arabia Deserta.
As far as Cormac was concerned—and I am strongly
inclined to agree—there is no better writing on desert
landscapes and culture.

Heavy is their long day of idleness, they slumber every
hour and smoke tobacco, some of them I have seen toss
pebbles in their hard fists, to drive the time away ... The
night advanced, we lie down in our places on the earth,
to sleep; but then sinners of goats trooping in from
the night air, walked over our faces every hour till the
morning light.

—Charles Montagu Doughty, Travels in Avabia Deserta

Sand is a material statistical physicists call a porous
medium. The flow and transport of sand, and the dif-
fusion of a fluid through a porous medium, is studied
using percolation theory. The theory was developed
in the 1930s and 1940s to better understand the true
density, and hence energetic value, of coal. Percolation
theory is a fixture of much of the science produced at
SFI. It is almost a metaphor for the connected, collegial
way we practice science.

Cormac is very much interested in friendship and
the ideas that grow out of conversations. Including the
relationship between James Agee and Walker Evans. In
1935 Walker Evans, a photographer who in many ways
has a lens that “rhymes” with the portraits captured
by Cormac’s pen, took the photograph, Coal Miner’s
House, Scott’s Run, West Virginia. The photograph fea-
tures a young boy who bears an uncanny resemblance
to Cormac himself and an interior that fits a few of
the haunted descriptions from his book The Orchard
Keeper, in which he writes, “It was like being in a room
full of invisible and malevolent spirits.”

James Agee, a writer with subterranean connections
to Cormac, including a shared interest in the Knox-
ville Zeitgeist that Cormac writes about so forcefully
in Suttree, teamed up with Walker Evans in 1936 on an
assignment for Fortune chronicling the lives of southern
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A sure way to fail the Cormac
McCarthy Turing test is to be so
imprudent as to ask him about

his books.

sharecroppers. The result of their research was the 1941
book Let Us Now Praise Famous Men. This is a book that
we keep in our library and that Cormac retrieves from
time to time to remind us of the intimate connections
between language and image, indigence and character,
and the multifarious beauty found far from so-called
civilized spotlights.

The landlord objected that that was too much howling
and too much religion on end and how about something
with some life to it, they knew what he meant, and then
they could go.

—James Agee, Let Us Now Praise Famous Men

In 2012, I moved for just over three years to Madi-
son, Wisconsin to direct a new institute, The Wiscon-
sin Institute for Discovery. At the time Sam Shepard
was in residence at SFI and warned me that the cold
would likely kill me and that I might be found at some
indeterminate future like a perfectly preserved can of
soup from Robert Falcon Scott’s Terra Nova expedi-
tion. Cormac went one step better and gave me a copy
of Michael Lesy’s book of photographs from Black
River Falls, Wisconsin Death Trip. It is a book of pho-
tographs of infant mortality, embalmed pensioners,
and the executed. I found it rather comforting. In the
Midwest I discovered that my disposition is decid-
edly non-Nordic, topographical preferences steep, and
temperament more wayward than that favored by the
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continental interior. When offered the presidency of
SFI I was delighted to come back to my natural habi-
tat, the institute that I had grown to love, and to many
belligerent friends.

CORMAC WAS TRAINED and practiced for several years
as an architect in Tennessee. As he described this line
of work to me, “largely building over-sized homes for
rich clients without taste.” Just over 30 miles west of
Madison, Wisconsin, Cormac’s favorite architect, Frank
Lloyd Wright, built his home Taliesin in Spring Green.
It is like all of Wright’s buildings, a Euclidean beaver’s
lodge as painted by Hokusai. Geometric, claustropho-
bic, and animate. As if evolution started with axioms
rather than finishing with them. Wright’s life and work
occupy an intricate nexus in Cormac’s imagination.
Wright is a self-constructed formalist and his buildings
models of perfection despoiled by quality of materials.
Falling Water is in Cormac’s Pantheon an edifice of
uncompromising perfection whose interior is imper-
ceptibly rotting. In a filmed conversation with Cormac
in the SFI library, where he wrote The Road, he told me,
“Falling Water is a beautiful house, but if you go inside
the first thing you see is a bunch of cheap plywood
furniture. Because when he was designing the house
plywood had just been discovered. He didn’t know that
10 years later you would find it in cheap motels all over
the world.”

There are very few people who receive more careful
attention from Cormac than Ludwig Wittgenstein. In



RENAISSANCE MEN Cormac McCarthy, renowned
author of The Road, All the Pretty Horses, Blood Meridian,
and other novels, and David Krakauer inside the Santa Fe
Institute, where Krakauer is director, and where McCarthy
has participated in discussions about the sciences for
decades.
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addition to Wittgenstein’s insights into language and
meaning and his compressive style, Cormac told me
how “everything that [Wittgenstein] thought about
had to do with whether it was right or wrong and he
worried about it constantly,” and “if philosophy is not
concerned with the way one should live what the hell
is it concerned with?”

In 1925, deeply dissatisfied by the material world he
was forced to inhabit, Wittgenstein designed his own
building in Vienna—Haus Wittgenstein. This is nothing
like the wooden “Wittgenstein Hut” on Skjolden Lake
in Norway where in modest seclusion he jotted down
pastoral notes in The Brown Book, a precursor to The
Philosophical Investigations. Haus Wittgenstein is more
like a projection of the philosophy of Tractatus into
three-dimensional space. Hermine Wittgenstein, the
sister for whom the house was designed wrote, “Even
though I admired the house very much, I always knew
that I neither wanted to, nor could, live in it myself.
It seemed indeed to be much more a dwelling for the
gods than for a small mortal like me, and at first, I even
had to overcome a faint inner opposition to this ‘house
embodied logic’ as I called it, to this perfection and
monumentality.”

COURTESY OF SANTA FE INSTITUTE

ARTS

More than once Cormac and I have discussed his
drawings for a future home. He has even discussed
publishing a book of his sketches at some point. The
drawings begin with chairs and shelves and end with
monumental rooms. He has designed a shelving system
that easily dismantles and can be carried as effortlessly
as a valise. Some of the rooms in his drawings are like
the interiors of modernist museums. Space is not calcu-
lated to be scarce. From time-to-time Cormac designs
rooms and houses for our community.

Wittgenstein and Wright had autochthonous imagi-
nations—deeply connected to a soil that perhaps only
they could detect. And they grew from it uncompro-
mising bodies of work. Speaking with Cormac over
the years I have had a sense of someone compelled
to understand how the most refined ideas can coexist
with the simplest decisions and least experience. How
naivety is not a lack of knowledge but an active repul-
sion of an incumbent culture.

From this psychic combination derive the revolu-
tionaries of quantum mechanics, whose work Cormac
deeply admires and reads on repeat. Most had barely
graduated before declaring all ideas that came before
them moribund. Bohr was 29 when he presented his
orbital model of the atom, Arthur Compton 30 when
he discovered scattering, Louis de Broglie 31 with wave-
particle duality, and Werner Heisenberg 24 when he
invented matrix mechanics. For Cormac inexperience
is often a prerequisite for novelty. And this is as true
for cultures as it is for individuals. On several occa-
sions Cormac has discussed the cultural paradox of
ancient Greece, the idea of Arete or excellence, and
near disregard bordering on xenophobia that might
have been necessary to produce a new art and culture.
I think it is for this reason that Cormac has always
been so supportive of young scientists at SFI, or those
without hallowed provenance, since these will be the
most likely to replace the reigning ideas that they do
not yet know exist.

It is reported that by his early 20s Arthur Schopen-
hauer could read or speak fluently, German, Italian,
French, English, Spanish, Latin, and Greek. Besides
Tractatus, Schopenhauer’s The World as Will and Rep-
resentation should be included in Cormac’s library of
cherished works. Schopenhauer is a source of near infi-
nite anecdotal remarks. His many quotable sentences
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are illustrative and seem to me to provide some of the
parsimonious instruments by which Cormac structures
his opinions of others.

With people of limited ability modesty is merely hon-
esty. But with those who possess great talent, it is
hypocrisy.
The greatest achievements of the human mind are gen-
erally received with distrust.

—Arthur Schopenhauer

Schopenhauer’s relationship to his parents exem-
plifies the somewhat alien status of creative excel-
lence in families. Cormac often laughs out loud when
remembering a letter Schopenhauer’s mother Johanna
wrote to her son in 1807: “All of your good qualities
become obscured by your super-cleverness and are
made useless to the world merely because of your
rage at wanting to know everything better than oth-
ers; of wanting to improve and master what you can-
not command ... If you were less like you, you would
only be ridiculous, but thus as you are, you are highly
annoying.”

There is something cathartic in being made aware
of the universality of lineal discord, and Johanna
Schopenhauer takes it to another level.

Wittgenstein was inspired by Schopenhauer’s early
work on the world as idea, an idealism that he sum-
marized through, “The world is my representation,”
which is precedent to the opening page of Tractatus,
“The world is everything that is the case,” and “The
facts in logical space are the world.” This kind of
analytical compression carrying a wealth of meaning,
veridical and moral, provides a clue to the network
of connections that spans many of Cormac’s favorite
thinkers: Bertrand Russell, Friedrich Ludwig Gottlob
Frege, Michael Dummett, and Hilary Putnam.

Cormac and I often speak of Montaigne. Montaigne
achieves an almost impossible integration of moral
gravity and intellectual lightness. Montaigne’s friend-
ship with La Boétie is a model of comradeship for Cor-
mac who found no need to justify his wide-ranging
attachments from criminals to savants beyond Mon-
taigne’s adage that Cormac frequently quotes, “Because
it was he; because it was me.” And Montaigne’s genuine
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Cormac and | often speak of

Montaigne, who achicves an

integration of moral gravity
and intellectual lightness.

love of works of art and philosophy—to the extent of
surrounding himself with engraved quotations from
these in his writing loft—in contrast to his suspicion of
critics strikes a note with Cormac as I suspect is true
for many authors.

But whence it should come to pass, that a mind enriched
with the knowledge of so many things should not
become more quick and sprightly, and that a gross and
vulgar understanding should lodge within it, without
correcting and improving itself, all the discourses and
judgments of the greatest minds the world ever had, I
am yet to seek.

—DMichel de Montaigne, On Pedantry

For Cormac Montaigne is to some extent bound
up with the life and work of Eric Hoffer, whose book
True Believer Cormac once gave me as a gift. Hoffer
achieves in his life and writing a Montaigne-like bal-
ance of high thought and earthy appreciation. While
working as a stevedore on the San Francisco docks,
Hoffer wrote philosophy and read from Montaigne
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out loud and in public, once recollecting, “I quoted
it all the time. I'll bet there are still a dozen hoboes
in the San Joaquin Valley who can quote Montaigne.”
Cormac loved the idea of dockworkers coming to Hof-
fer for oracular advice from a 16th-century essayist,
and would recreate the situation, “Stevie and I have
a problem with the boss, what would Montaigne do?”

To approach a reasonable approximation of Cor-
mac’s “book club” there would need to be several
pages dedicated to the work and life of Charles Sand-
ers Peirce. Cormac has the only complete collection
of Peirce’s writings, which runs to eight volumes, of
any one I know. Peirce has the intellectual voracity of
Judge Holden in Blood Meridian. But in Peirce’s case
he might well have accomplished his desire for total
mastery without the bloodshed.

The reasonings and conclusions of the mathematician
do not in the least depend upon there being in the real
world any such objects as those which he supposes.

—Charles Sanders Peirce

ARTS

I will finish on the one book that in 20 years of con-
versation with Cormac has never diminished, never
become tarnished through revisiting and rearticulation.
The one boundless in surprise and insight, Moby-Dick.
Cormac often has it on his mind. And his admiration
extends to its greatest illustrator Rockwell Kent whose
books Wilderness and Voyaging Southwards, he has also
lent to me. With our mutual friend Tim Taylor we have
opened Moby-Dick together, and read random passages
such as, “Death is only a launching into the region of
the strange Untried; it is but the first salutation to
the possibilities of the immense Remote, the Wild,
the Watery, the Unshored.” Cormac will look up and
remark, “Where did that come from? How did he think
to say, ‘it is but the first salutation to the possibilities
of the immense Remote?’” I cannot recollect another
writer who elicits this kind of amazed response.

DAVID KRAKAUER is the president and William H Miller
Professor of Complex Systems at the Santa Fe Institute in New
Mexico.

97

NAUTILUS



BIOLOGY+BEYOND

-\ /
f J AEZN P,
h . C\ - N 3% oy A‘_‘*&@ -"' '
s B N o -G A
. 0= W e g RN e N
N N - VoL TORR
~Share your data L0 Gt
N ¢ . T o SRV A
.‘.__M,Enable ocean health and a thriving ocean economy. R S
LN ’ g X 28 7
Al QI.. L
T "II ’r\:rg 4 f. . o
__ A e
PR T
E ™ o«
N Changing the fate of the ocean
: by unleashing the power of data.
l lR n Explore the frontiers of biology and genetics
H cean on Nautilus Channels with Cold Spring Harbor Laboratory
Centre for the Fourth Industrial Revolution one of the world's Ieading private research institutions
cshl.nautil.us
Connect with us
NAUTILUS Cold Spring Harbor Laboratory
www.hubocean.earth

Breast cancer organoids from the Dos Santos lab at CSHL cshl.edu



waterbear.com

MO waterbear

Watch hundreds
of documentaries.

Anywhere. For free.

Download our app now

I ‘ TE'E

#  Available on the

@& App Store W‘ Google play

NRDC

PROTECT BIODIVERSITY



THE NATIONAL
ACADEMY OF
SCIENCES

Convergence I . Comergencell .~
The Art Collection of the f Lo ,’ /

National Academy of Sciences

Science relies on the rational. Art celebrates the intuitive.

This second volume catalogue of the art collection of the
National Academy of Sciences illustrates by example how the
art exhibits and collection provide a platform for thinking about
the impact of science on our society. Through a cultural and
personal lens, the topics found within the collection range from
diversity and equity to climate change and collaboration.

This catalogue contains beautiful reproductions of more
than 30 original artworks from the NAS collection including
such artists as Tim Rollins and K.O.S., Mike and Doug
Starn, Tavares Strachen, Neri Oxman, Camille Seaman,
Diane Burko, Renée Stout, Alfredo Arreguin, Jeffrey Kent,
David Maisel, and many more. Essays from leading scholars
and curators are included that illuminate the work.

Pocket is where everything
you save goes “ - Pre-order and make a

[Pp———

donation to receive a gift!
: Pre-order now with a donation to Cultural
Programs of the NAS and receive a gift of
appreciation — a copy of Convergence Il
in a beautiful clam shell case along with a
selection of one or more, depending on the
donation level, limited-edition prints by:
Tim Rollins and K.O.S., Diane Burko
and Alfredo Arreguin.

Pocket scours the internet to bring you a curated mix of fascinating
articles like these and a beautiful space to collect them in.

Sign up and save anything that sparks your curiosity in your Pocket |
to absorb when you're ready. ;

| 1 o At Comection of s Nationsl 4

Limited edition prints are available
while supplies last.

n— CARTURAL PROGRAMS

FOR MORE INFORMATION, VISIT WWW.CPNAS.ORG. @ © @ @CPNAS
www.getpocket.com



SUBSCRIBE AND LISTEN

XX

Google  Spotify  Apple

Quanta

macGazine

//X&/ SCIENCE

PHILANTHROPY ALLIANCE

Advancing basic science—The foundation of our future

sciphil.org




Issue Index

NAUTILUS

2022
NOVEMBER / DECEMBER 2022

2022

MAY / JUNE 2022

2021 2021 2021
INTELLIGENT LIFE HEALTHY COMMUNICATION  OUTSIDERS
THE EDGE HARMONY HIDDEN TRUTHS

2020 2020 2020

90 SOMETHING GREEN 88 LOVE & SEX 85 REOPENING
91 THE AMAZING BRAIN 89 THE DARK SIDE 86 ENERGY

92 FRONTIERS 87 RISK

Visit nautil.us/shop for single issues,
subscriptions, and more.

2022
SEPT / OCT 2022

2022 2022
MARCH/APRIL 2022 JAN/FEB 2022

2021 2021

98 MIND 95 ESCAPE

99 UNIVERSALITY 96 REWIRED
97 WONDER

£

2020
83 INTELLIGENCE 2020
84 OUTBREAK 80 ALIENS
81 MAPS
82 PANPSYCHISM
SUBSCRIPTIONS

Address subscription and address changes to:
Nautilus

360 W 36th Street, 7S

New York, NY 10018;

email: order@nautil.us

Visit nautil.us/shop for more information.

2022
JULY / AUGUST 2022

2021
CHANGE
EXCAVATION

2020

93 FORERUNNERS
94 EVOLVING

2020

77 UNDERWORLDS
78 ATMOSPHERES
79 CATALYSTS

POSTMASTER

Send address changes to:
Nautilus

360 W 36th Street, 7S
New York, NY 10018

© 2022 NautilusNext, Inc.
All rights reserved

2019 2019 2019
75 STORY 72 QUANDARY 68 CONTEXT
76 LANGUAGE 73 PLAY 69 PATTERNS
74 NETWORKS 70 VARIABLES
71 FLOW

2018

A SELECTION OF
STORIES FROM THE
APR - DEC 2018
ONLINE ISSUES.

2018 NOV/DEC 2017  SEPT/OCT 2017
56 PERSPECTIVE

57 COMMUNITIES 54 THE UNSPOKEN §2 THE HIVE

58 SELF 55 TRUST 53 MONSTERS

JULYJAUG 2017 MAY/JUNE 2017 MAR/APR 2017

50 EMERGENCE 48 CHAOS 46 BALAMNCE
51 LIMITS 49 THE ABSURD 47 CONSCIOUSNESS

MAY/JUNE 2016 MAR/APR 2016 JAN/FEB 2016

36 AGING 34 ADAPTATION 32 SPACE
37 CURRENTS 35 BOUNDARIES 33 ATTRACTION

JAN/FEB 2017

44 LUCK
45 POWER

NOV/DEC 2015

30 IDENTITY
31 STRESS

NOV/DEC 2016 SEP/OCT 2016 JULY/AUG 2016

42 FAKES 40 LEARNING 38 NOISE
43 HEROES 41 SELECTION 39 SPORT

SEP/OCT 2015 JULY/AUG 2015 MAY[JUNE 2015

28 2050 25 WATER 22 S5LOW
29 SCALING 26 COLOR 23 DOMINOES
27 DARK MATTER 24 ERROR

MARfAPR 2015 WINTER 2015 FALL 2014

19 ILLUSIONS 16 NOTHINGNESS 13 SYMMETRY
20 CREATIVITY 17 BIG BANGS 14 MUTATION
21 INFORMATION 18 GENIUS 15 TURBULENCE

SUMMER 2014

10 MERGERS &
ACQUISITIONS

11 LIGHT

12 FEEDBACK

SPRING 2014 WINTER 2014 FALL 2013

07 WASTE 04 THE UNLIKELY 01 HUMAN UNIQUEN
08 HOME 05 FAME 02 UNCERTAINTY
09 TIME 06 SECRET CODES 03 IN TRANSIT



THE LAST WORD

Jennifer Carlson

The MacArthur Grant-winning sociologist on what guns are doing to
American politics

INTERVIEW BY BRIAN GALLAGHER

ON PARTISANSHIP

It’s really easy at this moment in American politics and
history to really focus on the argument and on the fight.
We are exceedingly polarized. Partisanship is not only
profound, but is taking shape in ways that are really the
extreme of rancorous. So I wanted to tell readers that
you are not going to just get something that’s celebrating
one side and bashing the other side. That actually, not
only am I invested in nuance, but I wanted the space for
the reader to also acknowledge their own ways in which
they might be invested in nuance that can’t be captured
by the categories that we divide the political world into.

GUN PURCHASING DURING THE CRISES OF 2020
The pandemic, police violence, and racial unrest, and
democratic instability. One of the headline grabbing
dynamics that unfolded very early on in the layer-
ing of these crises was the surge in gun purchasing.
That started in March 2020 and continued into 2021.
I focused Merchants of the Right on the gun sellers in
California, Florida, Michigan, and Arizona who navigated
that. Those are all states that have different kinds of gun
laws and gun politics, and had different approaches to
the pandemic. That’s what the book is about—how these
gun sellers made sense of what was going on around
them. I talk about things that we associate obviously
with conservative politics, but also parti-
sanship in general. There’s conspiracism
which has been associated more with
the right, but is actually something
that we see across politics. What I'm
> calling armed individualism, the fla-
vor of gun politics that we saw a rise
in—that’s been part of the landscape
for quite a while, but was brought to a

crescendo in 2020.

WHY OWN A GUN?

The number one reason people own and carry guns is
for protection, of themselves or families. This is really
clear if you walk into a gun store and start talking to
people, and it’s clear from the survey data. That’s his-
torically new. If you look back even as recently as the
’90s, people were saying hunting was the number one
reason they owned guns. The politics of guns became
reconfigured under what’s been called The War on
Crime, this central focus on crime as a dominant prob-
lem in American society. A lot of resources in the U.S.
got invested into the criminal justice system, and at
the same time social supports, welfare, and all sorts of
entitlements got rolled back. So you have this moment
where you have this social safety net really receding. So
when we think about: What is the appeal of guns? Guns
are that last remaining safety net for a lot of people.

WHO OWNS GUNS?

Everything that I've seen points to the fact that gun
ownership, especially in 2020, has become more
diverse. I think in the U.S. there is this very deep suspi-
cion, if not antagonism, with respect to what the gov-
ernment can do, and what the government does. This
is something that goes beyond liberal and conservative
politics—even though liberal politics is much more
enthusiastic about the possibility that the state can do
something positive and productive for society. Guns
really fit into this broader sensibility that the govern-
ment is either not going to be there to protect you; or
if they are there, they’re going to cause more harm than
help. Especially thinking about police violence against
people of color, when we think about all the different
ways in which people interface with the state in this
country, it becomes easy to see why guns do become
this appealing tool well beyond conservatives.
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