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    Kyrobak is 
clinically proven* 
to treat lower back 
pain and provide 
lasting relief. 
For many users, 
it offers a drug-
free alternative 
to the constant 
requirement 
for powerful 
painkillers.

  And, in a recent 
clinical study, 
Kyrobak was 
shown to continue 
to provide pain 
relief even 3 weeks 
after usage was 
stopped!

  Now, for the 

Oscillation 
Therapy and 
Continuous 
Passive Motion 
technology, as 

ntroducing Kyrobak, the new device 
that uses professional technology for 
personal use to deliver lasting results — 

and it takes just 10 relaxing minutes!
used by medical 
professionals, 
are available 
in this doctor-
recommended, 
home-use device.  
Just 10 relaxing 
minutes is all it 
takes for Kyrobak 
to deliver lasting 
relief for your 
lower back pain.

“Ten minutes and then 
I’m free to do the things 

I love without pain, 
without worrying if 

something is going to
stop me from enjoying life.”  
Ken S., Museum Curator

    With Kyrobak, 
you will get much 
more than momen-
tary relief. The 

longer Kyrobak 
users continued 
treatment, the 
more relief they 
reported.  
    Kyrobak is 
convenient and 
easy to use! It’s 
lightweight and 
portable, too! 
Move Kyrobak 
from room to 
room with ease... 
in fact, you can 
take it with you 
wherever you go!
Call now for 

more details on
your 60-Day 
Risk-Free Trial 
and put an end 
to the agony 
of back pain 
for good!

CALL NOW 1-800-410-4303
or discover more at www.KyroOff er376.com

RISK-FREE FOR 60 DAYS

— 100% —
RISK FREE
60-DAY TRIAL

“I’ve been battling 
this pain for about 14 
years and I’ve taken 
painkillers, muscle 
relaxants, prescription 
drugs... but I haven’t 
had to take a single 
thing since I started on 
the Kyrobak. I just love 
not having to have all 
these chemicals in my 
body and it gives me so 
much more energy!”
Celeste, 
Dance
Instructor

 BACK
 PAIN

Advertisement

DOCTOR
RECOMMENDED

“What makes 
Kyrobak so eff ective 
is the unique CPM 

technology it provides 
to muscles and joints. 

This specifi c type 
of motion reduces 
infl ammation and 
sends important 

signals to the nervous 
system to restore 

muscle tone, balance 
and blood supply.” 

* treatment for lower back 
pain relief in the comfort of your home

 experienced, even up to 
3 weeks after usage has stopped

 just 10 minutes
 no more expensive trips to 

the doctor
 benefi t from proven

Motion technology
 on the fl oor, bed or couch

 with no painkillers or 
prescription drugs needed

 so it’s 
easy to use and store anywhere!

Kyrobak uses a professional 
technology, CPM, which 
loosens tight muscles 
and releases pressure 
between the 
vertebrae in your 
spine to relieve 
back pain.

Introducing Kyrobak®, the only home-use device using professional 
Oscillation Therapy and  (CPM) technology, 
recommended by doctors worldwide, that’s clinically proven* to bring you...

LIE DOWN!

AND RELAX

simply return it within 60 days 
and we will refund all your 

postage. Call for details!

Kyrobak works on the fl oor, 
the sofa ... even on your bed!

NO ASSEMBLY NEEDED

*With Oscillation Therapy and Continuous Passive Motion. Clinically proven in multiple clinical studies. Data on fi le.

You do not have to 
be physically fi t to 
use Kyrobak. 
You can enjoy 
your treatment 
while in complete 
rest, on the fl oor, your bed or even on the couch.

Health | 
RISK FREE

FOR 60 DAYS
LASTING
RELIEF from
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You are a man of the wilderness. The only plan you have is to walk up
that mountain until you feel like stopping. You tell your friends that

it’s nothing personal, but this weekend belongs to you.
You’ve come prepared with your River Canyon Bowie Knife sheathed at
your side. This hand-forged, unique knife comes shaving sharp with a
perfectly fitted hand-tooled sheath. The broad stainless steel blade shines
in harmony with the stunning striped horn, wood and bone 
handle. When you feel the heft of the knife in your hand, you know that
you’re ready for whatever nature throws at you.  
This knife boasts a full tang blade, meaning
the blade doesn’t stop at the handle, it runs
the full length of the knife. According to
Gear Patrol, a full tang blade is key, saying “A
full tang lends structural strength to the knife,
allowing for better leverage ...think one long
steel beam versus two.”
With our limited edition River Canyon
Bowie Knife you’re getting the best in 21st-
century construction with a classic look
inspired by legendary American pioneers.
What you won’t get is the trumped up price
tag. We know a thing or two about the
hunt–– like how to seek out and capture an
outstanding, collector’s-quality knife that
won’t cut into your bank account.
This quintessential American knife can be yours to use out in
the field or to display as the art piece it truly is. But don’t wait.
A knife of this caliber typically cost hundreds. Priced at an 
amazing $49, we can’t guarantee this knife will stick around for
long. So call today!
Your satisfaction is 100% guaranteed. Feel the knife in your
hands, wear it on your hip, inspect the craftsmanship. If you
don’t feel like we cut you a fair deal, send it back within 60 days
for a complete refund of the sale price. But we believe that once
you wrap your fingers around the River Canyon’s handle, you’ll
be ready to carve your own niche into the wild frontier. 

When it’s you against nature, there’s only one tool you need:
the stainless steel River Canyon Bowie Knife—now ONLY $49!

How to Be Cut Off From Civilization

BONUS! Call today and you’ll
also receive this genuine
leather sheath!

What customers are saying
about Stauer knives...
�����
“First off, the shipping was fast
and the quality is beyond what
I paid for the knife. Overall I
am a satisfied customer!”
— D., Houston, Texas
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Conservation team leader Ashley Lingle prepares to lift a wood-covered 
skull from a burial site at the Neolithic city of Çatalhöyük. See page 34.
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26 Death From Above
Earth has endured its fair share of mass extinctions over the past 4 billion years. 
But they aren’t just freak accidents — researchers think there’s a pattern to them, 
and the culprit is somewhere out in space. BY SARAH SCOLES

34 Paradise Lost?
Decades-long excavations are wrapping up in Turkey’s Neolithic city of 
Çatalhöyük, where an egalitarian utopia may have once been the norm. 
BY JENNIFER HATTAM
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60 Banking on Hope
Not too long ago, when young women faced cancer, there weren’t many fertility 
options. Now, pioneering researchers are helping preserve these patients’ shot at 
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Comets, asteroids and a hypothetical “Planet X” 
could all be responsible for Earth’s past, and future, 

destruction. (Cover by Roen Kelly/Discover)
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Becky Lang

When ‘Out There’ 
Lands Down Here
I remember peering up at the 
glow of the screen from the 
flattened back seats of our 
Datsun station wagon, in PJs, 
lying on sleeping bags, and not 
too committed to wanting to see 
all of  that movie. I could hear 
it, dialogue squawking through 
the heavy metal speaker that 
dangled from the car window. 
But I wasn’t sure I really wanted 
to witness creatures from above 
swooping down to snatch some 
unsuspecting soul from Earth.

Granted, I was just 8 years old 
when Close Encounters of the Third 
Kind landed at the drive-in on a 
gravely sagebrush field outside 
Helena, Mont. And sure, I knew 
it wasn’t real, but the feeling of 
something “out there” delivering mayhem down here was unnerving.

That sense of otherworldly doom lives, to some degree, in this 
issue’s cover story. (See page 26.) Researchers have found that 
mass extinctions on Earth seem to arrive like clockwork — a result 
of the machinations of our planet spinning in space. A giant sister 
star to our sun, cosmic rays, Planet Nine and dark matter are all 
players in this drama, acted out every 26 million years or so.

This issue also delves into efforts to head off  disasters that 
start right here on Earth. Scientists are using data gathered from 
hurricanes, tornadoes and earthquakes to help predict the next big 
one. (See page 50.) Whether the narrative plays out in months or 
millions of years, we’ve got our eyes on the world around us. And it 
pays to look up once in a while.

facebook.com/DiscoverMag
twitter.com/DiscoverMag
plus.google.com/+discovermagazine
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CATCHING THE WIND
Seen from a jetliner, these wind turbines appear to float on air — they’re actually fixed firmly to the bed of the Thames Estuary near 
London. The 175-turbine London Array, the world’s largest operating offshore wind farm, set a record in December for electricity generated in 
one month by an offshore facility: 369,000 megawatt-hours. The turbines generated enough juice in 2015 to meet the annual needs of about
600,000 U.K. households.  ERNIE MASTROIANNI; PHOTO BY THOMAS TRUTSCHEL/PHOTOTHEK/GETTY IMAGES

CATCHING THE WIND
Seen from a jetliner, these wind turbines appear to float on air — they’re actually fixed firmly to the bed of the Thames Estuary near  
London. The 175-turbine London Array, the world’s largest operating offshore wind farm, set a record in December for electricity generated in  
one month by an offshore facility: 369,000 megawatt-hours. The turbines generated enough juice in 2015 to meet the annual needs of about 
600,000 U.K. households.  ERNIE MASTROIANNI; PHOTO BY THOMAS TRUTSCHEL/PHOTOTHEK/GETTY IMAGES
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Surviving One Strange Trip 
Life hangs on outside the International Space Station. 

Space is a deadly environment. 
Its airless vacuum forces the water out of most cells, 
and temperatures fluctuate rapidly from below 
freezing to over 100 degrees Fahrenheit. Not to 
mention the radiation: In low Earth orbit, the sun’s 
ultraviolet rays hit DNA 1,000 times more intensely. 

But, if organisms could somehow survive exposure 
to those conditions, it might mean that life on Earth 
could have come from elsewhere in the solar system, 
perhaps ferried by a meteorite. In several rounds 
of tests between 2008 and 2016, scientists used 
experiments mounted outside the International Space 
Station to find out if organisms could survive as 
interplanetary stowaways or even buried in Martian 
soil. A handful of species have shown they might be 
up to the challenge.  K.N. SMITH 

BACTERIA TAKE 
TO THE SHADE
Bacteria like Bacillus subtilis form tough 
spore shells to protect themselves 
from hostile environments on Earth. 
In a 2008 test, several layers of spore 
samples were subjected to an 18-month 
trip on an ISS experimental platform 
called EXPOSE, which can simulate 
Martian sunlight and atmosphere. 
Survivors were rare among those fully 
exposed to solar radiation on the upper 
layer, but as many as half the spores 
sheltered on the lower layers survived. 

That means bacterial spores could 
survive the ride from Mars, protected 
by cracks or pits on a meteorite 
— and there’s a chance they 
could survive on Mars, as 
well. Another EXPOSE test 
returned earlier this year 
after subjecting the desert-
loving blue-green algae 
Chroococcidiopsis, which 
are related to bacteria, 
to 18 months of Mars-like 
atmospheric conditions. Those results 
are still being analyzed.

The European 
Space Agency’s 
EXPOSE platform 
subjects earthly 
life-forms to the 
harsh conditions 
of space. 
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FUNGI BARELY MAKE IT
Microscopic black fungal cells, found in 
the cracks of Antarctica’s rocks, might 
also survive on Mars — but just barely. 
In the same 2008 experiment, two 
species of black fungi 
spent 18 months 
hanging outside 
ISS on the EXPOSE 
platform. About 
60 percent of the 
cells returned to 
Earth with their cell 
membranes intact and 
the DNA inside still stable. But even 
with some radiation shielding, only 
2 to 9 percent of the fungi exposed 
to Martian conditions managed to 
reproduce and form colonies. After 
exposure to the full force of Martian 
UV rays, less than 1 percent formed 
new colonies.

PLANTS RISE TO  
THE CHALLENGE
It turns out even some plant seeds can 
survive a trip through space. Seeds 
from tobacco plants 
and from a relative 
of the mustard 
plant also rode 
outside the ISS 
during the same 
18 months on the 
EXPOSE platform, 
and 23 percent 
managed to sprout afterward. They 
grew slowly and produced fewer 
seeds, but their offspring, raised on 
Earth, turned out normal and healthy.

LICHENS HANG IN THERE 
Lichens like Xanthoria elegans thrive 
in harsh environments like Antarctica 
and the high peaks of the Himalayas. 
No water? Lichens survive in a 
dormant, dehydrated state. Too much 
sun? Some produce a compound called 
parietin, which absorbs blue and UV 
light and protects cells from damage.

X. elegans survived 18 months 
strapped to the 
outside of the ISS 
in the EXPOSE 
experiment. 
Some 71 percent 
of the plant cells 
and 84 percent 
of the fungal 
cells showed signs 
of life afterward, and about half 
the cells were able to restart normal 
photosynthesis after rehydration.

TARDIGRADES 
TOUGH IT OUT
Tardigrades are tough little animals 
that live all over Earth. They can go 
dormant to survive years of being 
dried out, and they can handle 
extreme temperatures and radiation. 
In 2007, tardigrades survived 10 days 
exposed to open space outside the 
European Space Agency’s FOTON-M3 
spacecraft. 

When tardigrades were shielded 
from the sun’s harshest rays, they 
fared well. Sixty-eight 
percent revived 
after rehydration 
back on Earth, 
but many 
didn’t last long 
afterward. The 
survivors laid 
fewer eggs than 
normal, but those eggs all hatched 
healthy baby tardigrades.
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The Replication Crisis
Should psychology researchers focus more on confirming 
old results and less on new discoveries?

For more than 50 years, psychologists have worried about the robustness of 
research in their field. Many studies have never been replicated, meaning nobody knows 
what the results would be if they were repeated in another lab. Last year, psychologist 
Brian Nosek led a consortium of nearly 300 scientists who published the first attempt to 
estimate the reproducibility rate in psychology by redoing 98 recent studies.

The scientists couldn’t reproduce the initial results about 60 percent of the time, 
according to a paper published in Science, resulting in “reproducibility crisis” headlines 
across the globe. Colleagues have since questioned the validity of the group’s 
conclusions, however. In Science Smackdown, we let experts argue both sides. 
 JONATHON KEATS

Crisis of Confidence
University of Virginia social psychologist 
Brian Nosek and his collaborators 
replicated studies 
ranging from free 
will to memory, 
and they tried to 
be as faithful as 
possible to the initial 
experiments, even 
consulting with the 
original scientists.

In some cases, 
the group’s findings challenge what 
researchers thought they knew. However, 
Nosek insists we shouldn’t just reject the 
original results. Interpretation of a failed 
replication is more complicated than 
that. “Is it because the original study 
was wrong, because the replication was 
screwed up or because of an important 
difference between the original and 
the replication?” he says. “All three 
are possible.”

Finding answers depends on 
replication studies becoming more 
common, requiring researchers, funders 
and journals to place less emphasis on 
new discoveries. The study has generated 
fresh interest in reproducibility, which he 
considers more important than the bleak 
statistics. “I think we’ve proven that 
replication is not boring,” he says.

Don’t Worry, Be Happy
Harvard psychologist Daniel Gilbert 
believes Nosek and his colleagues 

proved nothing, 
and his recent 
rebuttal in Science 
challenges both their 
methodology and 
results. “The paper 
provides no evidence 
whatsoever for a 
replication crisis,” he 
says. “They drew an 

unrepresentative sample of studies, failed 
to ensure that replications were faithful 
and then misanalyzed their own data.”

Gilbert believes these flaws are almost 
inevitable, since faithful replication 
of a representative study sample 
would be prohibitively expensive 
and time-consuming. The replication 
consortium’s ill-gotten statistics 
have severely damaged psychology’s 
reputation, Gilbert contends. Moreover, 
he questions the underlying motivation 
for conducting such meta-studies. 
“What would we do with a specific 
‘replicability number’ anyway?” he asks. 
“While academics wring their hands 
about a replication crisis, business, 
government, law and medicine are 
putting psychology’s discoveries to work 
to improve the human condition.”

Looking to enhance your martial arts skills? Watch 
your opponent’s facial expressions. A study in 
Cognitive Research of tae kwon do and non-combat 
athletes showed a positive correlation between 
recognizing emotional facial cues and the ability 
to prepare for and evade an opponent’s blow.

DID YOU 
KNOW?
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A voracious cancer threatens 
to wipe out an iconic Tasmanian 

species and destabilize the island’s 
ecosystem. Can biologists trick 
the disease into taming itself?

BY JULIE REHMEYER

ENNA JONES PEERED into a trap, and a Tasmanian devil peered back at her. 
Its gaze was somehow off. The devil’s face seemed misshapen, and 

its jaw was raw and red. Perhaps, 
she thought, the swelling was an 
infected wound. Many devils are 
torn up by the end of  the breeding 
season, after a month of  winning 
and defending mates.Jones, a biologist at the University 

of Tasmania, was trying to decipher 
the social structure of the island’s 
iconic creature, the largest meat-eating marsupial in existence. Were 

the devils promiscuous, as many 
researchers suspected? Which ones 
were studly and prolific, and which 
ones were losing the reproductive 
race? This fellow was one of many 
helping Jones answer those questions 
in June 2001 at her study site on the 
Freycinet Peninsula, a crooked finger 
of land in eastern Tasmania.Jones reached for a canvas sack, 

tipped the cage gently and shook 
the black, beagle-size animal into the bag. Then she sat on the 

ground, legs wrapped around the 
bagged animal. Gripping him firmly, she pulled the bag back to 

measure his head. It was a dance 
she’d performed hundreds of times, 
moving smoothly and predictably 
so the devils knew what to expect.Sometimes after she released a 

devil, it stayed in her lap and sniffed 
the sunscreen on her arm or buried 
its furry face in her armpit to hide 
from the sun. Although this devil 
was new to her — he was at the neck of the peninsula, which she 

The IMMORTAL Devil
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The Devil’s 
Daunting 
Future 
New research reveals more 
roadblocks for Tasmania’s 
iconic animal. 

A contagious cancer called 
devil facial tumor disease (DFTD) 
has been decimating the Tasmanian 
devil population for the past 15 years 
— except for one group of devils in 
northwestern Tasmania that seemed 
to be resistant to the disease. In Julie 
Rehmeyer’s May 2014 feature, Discover 
explored how scientists hoped to find 
some clue in these devils’ genes to 
help develop a vaccine or even guide 
natural selection in a way that favors 
cancer-resistant animals.

But, according to a recent 
Proceedings of the Royal Society B 
paper, it wasn’t the devils’ distinct 
genes keeping the cancer at bay — this 
group of devils just happened to have 
a less-deadly variation of the disease. 
Researcher Rodrigo Hamede Ross found 
that these devils had a DFTD strain with 
four chromosome copies (tetraploid) 
instead of the usual two (diploid). 

Unfortunately, Ross’ analysis shows 
that the more-common diploid version 
took hold in the seemingly safe devil 
population in 2012 and 2013, about 
five years after the initial outbreak. 
The prevalence of the disease soared 
from less than 25 percent to 80 percent, 
and the previously stable population 
significantly declined after 2013.

It’s not all bad news. Given that 
five-year delay, this is the first 
indication DFTD could evolve into 
something that doesn’t kill its host so 
quickly, Ross says.

But there’s one more wrinkle to the 
story: Another recent study identified 
a second type of contagious cancer in a 
southern population of devils. That two 
genetically distinct, contagious cancers 
could arise in one species is unexpected. 
While it gives scientists studying these 
animals a rare opportunity, it’s also 
another hurdle in the race to save the 
devils from a constantly shifting foe. 
 LEAH SHAFFER

Researchers analyzing South American land features 
called surales discovered these dense mounds 
of soil have unlikely architects: earthworms! 
The formations, which arise in shallow flooded 
areas and can be more than 15 feet in diameter, 
consist mostly of earthworm castings and can 
support entire mini-ecosystems.

DID YOU 
KNOW?

Contagious cancer poses a greater risk 
to Tasmanian devils than experts thought.
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Dinosaurs Under the Tarp
A small favor turns into a fortuitous discovery.

Nearly every kid goes through a dinosaur phase — 
paleontologists just never grow out of it. Jason Schein is 
the New Jersey State Museum’s assistant curator of natural 
history. At 37, Schein has a list of notable achievements. 
He helped excavate what’s thought to be the largest 
titanosaur — the last long-necked, plant-eating sauropod 
dinosaur group — discovered in southern Patagonia. He 
also helped unite two fossil fragments from the same 
prehistoric sea turtle found in different sites. 

Since 2010, Schein has led the Bighorn Basin Dinosaur 
Project expeditions to study the dinosaurs and ecosystems 
of northern Wyoming and southern Montana. Last year, 
while he and his team were excavating a triceratops, 
he stumbled across an abandoned site that he’s digging 
this summer.

Last spring, some folks from 
the Montana Bureau of  Land 
Management (BLM) asked me and 
my field crew to go to the site of  a 
dinosaur called Suuwassea. It isn’t 
a famous dinosaur, but it fills an 
important spot in the evolutionary 
history of  the long-tailed sauropod. 
And it’s the only skeleton of  its kind 
that’s been found.

They called us at the Bighorn Basin 
Project because the site is in our field 
area, and they’d received reports the 
bright blue tarp covering the site was 

sticking out of the ground and could 
draw attention.

When we first got there, we just 
wanted to cover the site back up, look 
around for a bit and go back to the 
triceratops. But when we arrived and 
pulled back the tarp out of  curiosity, 
there were still bones in the ground: 
The BLM folks clearly started working 
on them and just never returned. It isn’t 
uncommon to leave a site at the end of 
summer, expecting to come back next 
season. But things happen and other 
priorities take precedence.

While we were extremely excited 
about seeing the bones, we didn’t have 
an excavation permit — or the time 
— to work on that, so we covered the 
Suuwassea and spent the rest of the day 
looking around the area.

We weren’t expecting to find anything, 
but we ended up spotting about 200 
pounds of bones and bone fragments 
lying on the surface, including entire 
tail vertebrae from two sauropods and 
bits of an allosaurus. It was amazing 
and completely unexpected, especially 
because we’d read all the literature on 
Suuwassea, and there was no indication 
any bones were left in the ground. 

Our biggest priority this year is to 
go back, get the rest of Suuwassea and 
completely comb this area to make sure 
we have everything. Returning to this 
site is probably going to be the biggest 
excavation we’ve ever done. 
 AS TOLD TO WUDAN YAN
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Jason Schein was at the 
Bighorn Basin Dinosaur 
Project expedition when 
he was asked to visit 
another dinosaur site.

These bones were visible from the ground 
when Schein’s team pulled back a blue tarp 
(image at bottom left) at the dig site.

When he was working on the Bighorn project, another team asked Schein to cover up this exposed 
blue tarp to avoid drawing attention to the abandoned dig site. As they were checking out the 
site, Schein and his crew were surprised to see dinosaur bone fragments just sitting on the surface.
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A Better Bottle
Using crop leftovers to make plastic without a carbon footprint. 

Recycling a plastic bottle may provide a 
fleeting sense of green philanthropy, but the 
process of making that bottle is still pretty eco-
unfriendly. Now, chemists at Stanford University 
have developed a new plastic-making method that 
could leave no carbon footprint.

Most of the 270 billion plastic bottles used in 
the U.S. each year are derived from petroleum. 
And that manufacturing contributes to a global 
greenhouse gas hit of more than 200 million tons 
of carbon dioxide each year — the same amount 
about 150 coal power plants generate annually. 
Some plastics companies are attempting to cut 
that footprint by substituting corn-based sugar for 
petroleum. But planting, fertilizing and harvesting 
corn generates significant carbon emissions, too, 
says researcher Matt Kanan.

Instead of sugar, Kanan’s team developed a 
process that uses carbon dioxide and furfural, a 
compound derived from corn harvest waste. First, 
they converted furfural into furoic acid, a common 

food preservative. Next, they had to break the 
furoic acid’s strong hydrogen-carbon bond. 
Normally this requires an expensive base (the 
chemical opposite of an acid) that’s reactive and 
unstable — considerable hurdles to eco-friendly 
mass production. But the team discovered a 
workaround by heating the acid to 390 
degrees Fahrenheit. At that temperature, 
carbonate (a weak, non-hazardous 
base) can break the hydrogen-carbon 
bond. So when they mixed the hot furoic 
acid, carbonate and CO2, the result was a 
compound that could be turned into plastic.

Another plus? This technique, 
published in the journal Nature, not 
only uses existing plant waste but 
consumes large amounts of CO2 and 
could be applied to other types of 
chemical manufacturing as well — a 
boon to our increasingly CO2-saturated 
atmosphere.  HEATHER STRINGER

Denver Coliseum Mineral & Fossil Show 
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Possible Side Effects
A response to “Chronic Fatigue 
Syndrome Gets Some Respect” from 
our January/February 2016 issue.

I have been a reader of this magazine 
for over 15 years. This year, I got back 
something very valuable from it. 

There was a comment in the article 
about sufferers having an inability to 
regulate blood pressure. I had been 
struggling with fatigue and low blood 
pressure for over seven years. I had been 
to the doctor over and over but never 
came away with a diagnosis. 

With magazine in hand, I went to 
my doctor’s office. After labs ruled out 
a few other things, I finally was given 
a diagnosis: chronic fatigue syndrome. 
It may sound odd, but I was so 
relieved. After years of struggling with 

symptoms, I finally had a name to call 
the conglomerate of issues that I had 
been dealing with. Thank you for that.

Jennifer Kraft 
Cleveland, TN

Stellar Thoughts
In her Editor’s Note for the June 2016 
issue, Becky Lang asked, “What are 
some shining examples of creative 
thought and how it played out in 
science?” A response:

The example that jumps to mind was 
early in the ‘60s during the space race.

NASA was working on the most 
practical method of landing on the moon 
and returning. The prevailing method at 
the time seemed to be the simplest: blast 
off, land on the moon and come back.

John Houbolt realized that to do this 
required a rocket bigger than what was 
already in development. In order to 
meet Kennedy’s timeline, he proposed 
sending a craft into lunar orbit, landing a 
smaller lunar craft on the moon, sending 
that craft back to rendezvous with the 
main craft and then heading back to 
Earth. That saved a tremendous amount 
of mass, and the mission could be done 
with one Saturn V rocket, rather than 
multiple launches or an even bigger 
rocket.

At first Houbolt wasn’t taken too 
seriously, but his tenacity paid off and 
because of him, NASA was able to meet 
the timeline while saving billions of 
dollars.

Darryl Suskin 
Niles, IL

INBOX
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THE TYRANNOSAUR CHRONICLES 
The Biology of the Tyrant Dinosaurs
By David Hone

T. rex may be among the most famous dinosaurs, 
but on the tree of life, the 5-ton predator of the 
late Cretaceous is just a single blossom, one of 
the last species in a long and diverse branch 
of animals. In his first book, popular British 
paleontologist Hone traces the T. rex lineage 
from smaller, far less impressive ancestors 
through a successful range of carnivores 
that spread from deserts to beyond the 
Arctic Circle. While there’s plenty to please 
dino-philes, Hone also provides a handy 

primer for anyone somehow not already 
enraptured with the topic.  ALL REVIEWS BY GEMMA TARLACH

IT’S ELEMENTARY
HOW TO READ 
WATER
Clues and Patterns From 
Puddles to the Sea
By Tristan Gooley

If you’ve ever yearned 
to be a pirate and cast 
a weather eye to the 
horizon (yarr . . .) or 
just want some tips 
for getting out alive 
if you’re lost in the wilderness, Gooley is 
your man. The professional expeditioner, 
who sailed solo across the Atlantic Ocean, 
knows water. With unflappable practicality, 
he shares simple ways to understand your 
surroundings, whether you’re beside 
a stream or on the open sea at night, 
without instruments. 

AND SOON I HEARD 
A ROARING WIND 
A Natural History 
of Moving Air
By Bill Streever

Biologist and author 
of the award-winning 
Cold and Heat, Streever 
melds historical detail 
with seat-of-the-pants 
adventure in this 
portrait of a force of nature. He chronicles 
the history of forecasting and breaks down 
the physics behind wind in both its most 
useful and most dangerous incarnations. 
Then, with little experience, he sets sail 
on a thousand-mile journey across the 
Gulf of Mexico and Caribbean Sea to test 
his mettle.

NOW 
The Physics of Time
By Richard A. Muller

What if I told you there 
are no black holes? 
That the Big Bang was 
an explosion not of 
stuff, but of emptiness? 
Those are just two 
of the provocative 
ideas discussed in 
this accessible take 
on the flow of time by 
physicist Muller. (Read 
about his research into 
possible causes for 
Earth’s mass extinctions 
on page 26.)

THE GRID 
The Fraying Wires 
Between Americans 
and Our Energy 
Future
By Gretchen Bakke

Cultural 
anthropologist 
Bakke writes 
a biography of 
sorts about our 
antiquated and 
overburdened 
power grid 
and looks ahead 
to what may 
replace it.

WHAT THE F
What Swearing Reveals About Our 
Language, Our Brains, and Ourselves
By Benjamin K. Bergen
This may not be a book to display in the family 
library, but it is a fascinating journey to the 
crossroads of etymology, neuroscience and 
culture. From the transformation of “normal” 
words into profanities to a host of conditions that 
cause uncontrollable cursing, cognitive scientist 
Bergen explores the science and history behind 
our species’s ubiquitous profanity.

September 2016  DISCOVER  17



18  DISCOVERMAGAZINE.COM

M
AG

N
IF

YI
N

G
 G

LA
SS

: V
IT

AL
Y 

KO
RO

VI
N

/S
HU

TT
ER

ST
O

CK
. M

U
ST

AC
HE

: D
U

TC
HS

CE
N

ER
Y/

SH
U

TT
ER

ST
O

CK

The Man 
With the 
Mustache
Channeling Sherlock Holmes, 
an attending physician 
unravels a hairy situation.
BY LOUIS JANEIRA

→It was my first day as an 
attending physician. Nervousness 

and excitement competed for the most 
prominent emotion inside me.

I was assigned a medical ward full 
of  patients, each an enigma, each a 
challenge. I introduced myself  to the 
students, interns and residents as I 
entered the conference room where 
we would begin hospital rounds. Jane, 
the senior medical resident, began 
her report on the toughest case on 
our rounds.

“Mr. Peterson is a previously 
healthy 61-year-old man who 
presented two weeks ago to his 
primary care physician complaining 
of  protracted vomiting and diarrhea. 
All outpatient testing was normal.” 
Jane paused to retrieve the patient’s 
chart. “Every test known to man 
was normal.”

“There are always more tests!” I 
said, smiling. “So why is he in the 
hospital?”

“Dehydration,” said Jane. “Every 
few hours he begins to throw up, then 
has massive diarrhea. And all for no 
apparent reason.” Jane bit her lower 
lip. “We really hope you can help us 
shed some light on this case.”

“Does this poor guy have these 
symptoms all day and all night?” 
I asked.

“No, it all quits when he’s asleep.”
Intrigued, I held out my hand to 

receive the patient’s chart. Slowly, I 
leafed through his test results. Jane 
was right, I thought as I studied 
the test results. Everything was 
normal. Blood work, liver and kidney 
function, radiologic tests, ultrasound, 
CT scans — normal. Cultures from 
blood, urine, stool — unremarkable. 
There were no signs of  infection. 

“What do the GI consultants 
say?” I asked Jane as I began to 
read the lengthy report from the 
gastrointestinal doctors who reviewed 
the case.

“GI is as perplexed as we are,” said 
Jane. “Scoping of  the stomach and 
lower intestines shows non-specific 
signs of  inflammation with mild 
redness and swelling, but nothing 
diagnostic or even remotely helpful.”

“OK,” I began, unsure of  what 

to say but desperately searching for 
something important to add. “We’ve 
ruled out the usual. Now we need to 
think of  the weird things.” I smiled, 
remembering the words of  the famous 
detective Sherlock Holmes. I declared, 
with a deliberate professorial English 
tone in my paraphrasing, “Once 
you’ve eliminated the usual causes, 
whatever’s left, however improbable, 
must indeed be the correct diagnosis.”

“Like what?” asked Lauren, one 
of  the medical students, obviously 
unimpressed by my words of  wisdom.

“Let’s go see the patient first. Then 
let’s research for unusual causes of  his 
symptoms,” I said. “Jane, please lead 
the way to Mr. Peterson’s room.”

As the group sauntered down 
the hall, I silently reviewed the 
causes of  diarrhea, not wanting to 
miss something by overlooking the 
obvious. Food poisoning occurs when 
one ingests foods that have toxins 
produced by infectious agents such as 
Staphylococcus aureus and Escherichia 
coli. But Staph and E. coli were ruled 
out. He had not been traveling in an 
area where he might have contracted 
traveler’s diarrhea, which can be 
due to infectious organisms such 
as Shigella, Salmonella, Giardia 
or Campylobacter, among others. 
Tests for all these were negative. 
Pseudomembranous colitis? This is a 
condition caused by an overgrowth of 

“Once you’ve 
eliminated the usual 

causes, whatever’s left, 
however improbable, 

must indeed be the 
correct diagnosis,” 

I said, in a deliberate 
professorial tone. 

Vital
Signs
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a normal colonic bacteria, Clostridium 
difficile, typically after taking a 
course of  antibiotics. I looked in the 
chart. Yep, it was ruled out already! 
What else? Viral gastroenteritis, an 
infection of  the walls of  the stomach 
and intestine, was ruled out. So was 
lactose intolerance. 

I probed deeper into my memory, 
trying to recall all the potential unusual 
causes for our patient’s symptoms. 
There are some exceptionally rare 
instances when vomiting and diarrhea 
can be caused by histamine- or 
serotonin-producing tumors, the 
so-called carcinoid syndrome and 
mastocytomas. Produced in normal 
amounts, histamine and serotonin 
are crucial in the regulation of gut 
movement. But when the body 
produces too much, massive diarrhea 
can ensue. Syndromes like these are 
incredibly unusual. What were the 
chances that my first patient ever as 
a medical attending would have one 
of these? I took a deep breath as I 
re-entered my contemplative state. I 
could see a few hours in the medical 
library in my near future, relearning 
these conditions.

A STRIKING SIGHT
We reached the patient’s room. The 
first thing I noticed was the man’s 
impressive and handsomely full 
mustache. Even more striking than its 
bulk was how jet-black his mustache 
was. The same went for his hair color. 
I sat down at his bedside and tried to 
ignore my mustache envy. 

I began explaining what I’m sure 
Mr. Peterson already knew and 
probably was tired of  hearing over 
and over again. “All the tests we’ve 
done so far have been negative. We 
still don’t know why you continue to 
have vomiting and diarrhea.”

I was happy when Jane decided to 
chime in, “We’ll continue to study 
your case until we have something 
to go by.”

I noticed that as we spoke, the 

patient would occasionally run his 
tongue along his mustachio. Left to 
right, then right to left. Up and down. 
Then he would bite the hair. I tried to 
imagine what that must feel like.

And then it occurred to me.
“Don’t you worry, Mr. Peterson,” 

Jane was saying, “we’ll figure you 
out yet and . . .”

“How long have you had that 
mustache?” I interrupted. Jane and the 
others looked at me like I had just lost 
my mind.

“Almost a month,” he said proudly, 
temporarily halting his mustache 
sucking and sweeping.

“And how is it that you keep it so 
black?” I said. “I’m amazed 
a man your age doesn’t have 
some grays.”

“Oh, I do. I use hair color.”
It looked like I wasn’t going 

to spend overtime in the 
medical library after all. “We 
need to see your hair color 
product,” I said. “I believe 
your vomiting and diarrhea 
are caused by your ingestion 
of  the chemicals as you . . .” I 
pointed at his tongue, which, 
as I spoke, was making a pass 
through his thick upper lip 
hair. “I believe if  you shave 
your mustache, your vomiting 
and diarrhea will go away.”

I explained that hair coloring 
involves the use of  oxidation dyes, 
typically benzene- or toluene-type 
chemicals. Over the years, concerns 
about the cancer-causing potential of 
these agents have been brought forth, 
but studies remain inconclusive. What 
is known is that these chemicals can be 
toxic. At the very least, they can cause 
skin irritation — a standard warning 
you’ll find in the instructions of  most 
hair-coloring products. Certainly, they 
should never be ingested. Chronic 
intake of  these chemicals may lead to 
serious health consequences such as 
liver and kidney toxicity and failure, 
and even death. In that light, my 
magnificently mustachioed patient was 
lucky that gastrointestinal symptoms 
were the worst of  his problems.

Thankfully, even those became a 
thing of  the past for the patient. My 
hunch turned out to be correct: He 
shaved off  the offending facial hair 
and remained free from his disabling 
symptoms.  D

Louis Janeira writes medical mystery  

novels under the pen name L. Jan Eira. 

His books are available through Amazon 

and janeirabooks.com. The cases described 

in Vital Signs are real, but names and 

certain details have been changed.
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We reached the 
patient’s room. The 

first thing I noticed was 
the man’s impressive 
and handsomely full 

mustache. Even more 
striking than its bulk 

was how jet-black 
his mustache was. 

Vital
Signs
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Training 
My Aging 
Brain
Lessons from a boomer  
on the frontlines.
BY DAN HURLEY

→A fight has broken out among 
scientific researchers over whether 

or not brain training beats back the 
effects of aging. As a 58-year-old 
boomer whose work as a journalist 
depends on staying one step ahead of 
Gen-Xers, millennials, preschoolers and 
other would-be assassins, I’ve followed 
the debate closely.

Not that my brain is “aging.” I mean, 
not yet. Aging is what’s happening to 
my mom. She’s 86. She’s old! 

So, is there any hope for her and 
others who, unlike me, are aging?

One group of academics released a 
statement two years ago saying they 
see “no compelling scientific evidence” 
that brain exercises “offer consumers a 
scientifically grounded avenue to reduce 
or reverse cognitive decline.” Shortly 
after, a response came from another 
group, who insisted the first group 
ignored the evidence from 132 peer-
reviewed studies.

Score: skeptics 1, believers 1.
Next came two well-designed, 

randomized trials. The first, published 
in 2014, found that a full decade 
after older Americans participated 
in various brain-training methods, 
those who’d been randomly assigned 
to “speed of processing” training still 
functioned better in their day-to-day 
lives than the other participants. The 
second, published in 2015, found that 
participants over 60 who practiced 
brain games and received diet and 
exercise counseling scored significantly 

better two years later on cognitive tests 
compared with those who received 
routine care.

Two points to the believers.
Then, in January, the Federal Trade 

Commission fined Lumosity $2 million 
to settle allegations that the online 
brain game provider’s advertising 
claims were deceptive and unsupported 
by scientific research.

Dagnabbit. With the fight clearly not 
settled, I decided to take my interest 
in brain training to the next level. I 
offered myself  up as a guinea pig, 
devoting four months to testing every 
method shown in randomized trials 
to improve cognitive functions. And I 
lived to tell the tale.

MENTAL TORTURE
First, I practiced a satanically difficult 
game called the “dual n-back,” shown 
in scores of studies to have benefits 
for those willing to practice. The game 
involves a kind of tic-tac-toe board 
in which squares randomly light up, 
while an automated program randomly 
utters a series of letters. At the 2-back 
level, the goal is to keep track of which 
square was lit, and which letter was 
spoken, two times ago, even as new 
squares light up and new letters are 
announced. When you reach 3-back, 
you have to remember the items from 
three times ago, as new ones keep 
coming at you. With 4-back . . . you get 
the idea. Once you master one level, it 
sends you to the next.

On my first try, I wanted to throw 
my laptop. By my fifth session two 
weeks later, I reached an average n-back 
level of 2.55, meaning I had pretty 
well mastered 2-back and was halfway 
toward reaching 3-back. By my 10th 
session, my average was 2.80. My best 
performance came after three months, 
on my 37th session, when I averaged 
3.70, and even reached 5-back twice.

During that same period, I also 
practiced Lumosity’s games. After my 

Mind
Over
Matter

I offered myself up 
as a guinea pig, 

devoting four months 
to testing every method 
shown in randomized 

trials to improve 
cognitive functions.
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first 20-minute session, my performance 
put me just over the 50th percentile 
among the site’s millions of users, with a 
“Lumosity performance index,” as they 
call it, of 274. Four months later, my 
score was 1,135 — more than four times 
higher. Did this mean I was four times 
smarter? Ha. But for what it’s worth, my 
score was now in the 93rd percentile.

BEYOND BRAIN GAMES
Dozens of studies have found that 
cardiovascular exercise is one of the 
best ways for older people to improve 
cognitive abilities. And resistance 
training, building muscle strength using 
external resistance, has been shown 
to not only improve memory and 
executive function in older adults, but 
to also maintain connective brain tissue. 
Knowing that, I laced up and joined a 
boot-camp exercise class that combined 
cardio and strength training.

During my introductory session, 
my trainer made me do a light jog 
around the quarter-mile track in 
town. It was supposed to be an easy 
warm-up, including lunges, jumping 
jacks and high-knee running in place. 
But I was sweaty and panting — and 
that was just the pre-workout. She led 
me to the old cement stadium steps 
overlooking the track.

“Usually we begin with a couple of 
easy runs up and down the steps,” she 
told me, “then three runs up and down 
as fast as you can go. Then we do side 
shuffles, then fast-feet: up two steps, 
down one step, up two steps, down one, 
until you reach the top. You want to 
give it a try?”

“Not really,” I said, “but I’ll do it 
anyway.”

A single run up and down the stairs 
left me wheezing, but I continued with 
the side-shuffle and the fast-feet.

“You’re doing great,” she said.
“I am not.”
So it went for four agonizing months, 

during which I lost 10 pounds, improved 
my speeds and never stopped hurting.

But I didn’t quit there. On top of 
computer games and physical exercise, I 
tried three other methods supported by 
peer-reviewed studies:

• Fascinated by studies showing 
musical training enhances IQ in 
children, I decided to pursue a 
lifelong dream — learning to play the 
Renaissance-style lute. After months of 
practice, I got good enough to amaze 
myself  and annoy friends and family.

• I underwent four sessions of 
transcranial direct-current stimulation 
at a Harvard laboratory. Hundreds 
of  studies suggest the non-invasive 
treatment can improve memory, 
increase attention and creativity, 
relieve depression and more. I could 
barely feel the low-dose electricity 
applied to my forehead. Yet my peak 
n-back score occurred right after a 
treatment session.

• My one failure was prompted 
by studies suggesting mindfulness 
meditation, simply observing thoughts 
and sensations instead of judging 
and suppressing them, might improve 
attention and working memory. I 
tried — I really tried. But I gave up 
on finding my inner bliss after a few 
sessions, thanks to many interruptions 

from my barking bichon frise and two 
noisy daughters.

THE RESULTS ARE IN
Although one person trying multiple 
methods simultaneously means nothing 
scientifically, I did have my IQ tested 
before and after. The results? A gain 
of just one point. But I also had 
psychologists take before-and-after 
measurements of my fluid intelligence, 
the ability to solve novel problems and 
see hidden patterns. The gold-standard 
test is the Raven’s progressive matrices, 
in which you have to find a pattern in 
a sequence of eight symbols to correctly 
pick the ninth. My score climbed by 
16.4 percent — on par with the gain 
seen in many studies. Not bad. But not 
huge, either.

In one last-ditch effort, I trained 
for a month on games available at 
www.brainhq.com, one of  the best-
researched training methods, with 
more than 100 peer-reviewed studies 
supporting its effectiveness. I improved, 
but after 12 sessions my ranking 
among other people my age was barely 
higher than when I started, stuck 
around the 86th percentile.

Whatever the test scores, I’ve 
noticed real-life effects. I work faster, 
am more efficient and — perhaps 
the greatest single test of  cognitive 
capacity — I forget where I left 
my keys less often. My journalism 
career, at a time when some of  my 
contemporaries have already retired, 
is still growing. And my emotional 
self-control has improved, even when 
the bichon and the girls are going at it. 

All in all, my anecdotal results 
are in line with the findings of  most 
published, peer-reviewed, randomized 
clinical trials: modest but significant 
gains. Enough to persuade you to 
give brain training a shot? Perhaps. 
If, that is, you’re “aging.” Which 
I definitely am not.  D

Dan Hurley’s most recent book is Smarter: 

The New Science of Building Brain Power.

Mind
Over
Matter

Here’s a simplified visual of what you’d see if you were playing the n-back game. In this 2-back level, 
you’d try to recall which number appeared two steps ago while keeping track of the current stimulus. 

Stimulus

Time

Response
0-BACK 1 4 2 3 3
2-BACK none none 1 4 2

2

3 4

1 2

3 4

1 2

3 4

1 2

3 4

1 2

3 4

1
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When he showed it to his 
physicist father, Luis Alvarez, 
both became obsessed with 
studying this rock, convinced it 
held the answer to what was, at 
the time, a huge mystery: What 
killed the dinosaurs?

Over time, scientists would 
amend that query to “What killed 
the dinosaurs — and is it coming 
back?” The rock set in motion a 
series of scientific inquiries that 
would ultimately suggest that, like 
clockwork, Earth might experience 
a catastrophic housecleaning. 

But how? Why? And really? 
Although the rock set off a course 
of events that led to the idea of 
cyclical mass extinctions, the 
concept would evolve over three 
decades into a heated debate that 
continues today.

DOOM OF THE DINOSAURS
Walter and Luis noticed some-
thing strange about that rock 
when they analyzed its chemistry. 
The element iridium was trapped 
inside, right in the clay layer 
where the fossils flickered out 
— it was a trace, but more than 
might be expected. While there’s 
plenty of iridium in Earth’s core, 
there’s not much in our planet’s 
crust. One way it can land on 
the surface is to flutter down like 
ashes when tiny meteorites burn 
up in the atmosphere. Where did 
this anomalous amount come 
from, Luis Alvarez wondered, 
and what did it have to do with 
dinosaur death?

“He was always seeking out 
things that smelled funny and fol-
lowing up on them,” says physicist 
Richard Muller, Luis’ colleague 
at the time at Lawrence Berkeley 
National Laboratory. “He had 
identified a mystery.” Luis Alvarez 
had what Muller, writing in The 
New York Times Magazine, called 
a “killer instinct” for knowing a 
good problem when he saw one, 
and he jumped down a rabbit hole 
of  speculation about the rock. 
Maybe it came from the oceans. 
Maybe a supernova had irradiated 
Earth. This kind of  brainstorming 

ack in , geologist 
Walter Alvarez returned from 
a scientific expedition to Italy 
with a peculiar rock sample, 
liberated from limestone 
that was once underneath 

a long-gone ocean. The rock’s older, 
bottom layers were full of fossils. But 
above them was a layer of clay that had 
none. That layer captured the aftermath 
of an event 66 million years ago, when 
something caused a mass extinction, 
slaying 75 percent of the species on the 
planet, including T. rex and triceratops.

B

Luis (left) and son Walter Alvarez in the early 1980s near Gubbio, 
Italy. Years earlier at the site, Walter collected a rock sample that 
stored evidence of an extraterrestrial cause for the extinction of 
75 percent of life on Earth some 66 million years ago.

A layer of rock 
(orange arrows, 
below) in a sample 
similar to one 
retrieved by Walter 
Alvarez captures the 
immediate aftermath 
of a mass extinction.
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Extinction Rate 
of Marine Animal 
Families

Inspired by his late colleague Luis Alvarez, astronomer and 
physicist Richard Muller has hunted Nemesis, our sun's theoretical 
companion star, since the mid-1980s, when this photo was taken.

NEMESIS

was Alvarez’s scientific modus 
operandi. “One out of  10 ideas 
might be worth actually trying, and 
out of  these, 1 out of  10 might lead 
to an important discovery,” Muller 
recalled in The New York Times of  
Alvarez’s passed-down wisdom. 
“You need to have 100 ideas to 
have a chance at real discovery.”

A few years after noticing the 
iridium, Alvarez came up with his 
proverbial 100th idea: If  a miles-
wide asteroid or comet smashed 
into Earth, it would also throw up 
a dust cloud that blocked out the 
sun and snuffed out life. The entry 
and crash would release iridium 
from the space rock, and iridium 
would waft across the globe and 
settle on Earth’s surface, eventually 
becoming part of  the very rock 
Alvarez held in his hand. This 
was it, he said: A big rock crashed 
to Earth, killing not only the 
dinosaurs but also three-quarters 
of  all species on the planet.

In 1984, Alvarez opened his 
mailbox to find an envelope 
from two University of  Chicago 
paleontologists, David Raup and 
J. John Sepkoski. Inside, their 

scientific paper suggested that, 
over the past 250 million years, 
the death dates of  thousands of 
taxonomic families of  marine 
animals seemed to spike every 
26 million years, during one 
or another of  a dozen distinct 
“extinction events.” The scientists 
believed something beyond Earth 
was setting the schedule.

Alvarez thought it sounded 
crazy and prepared a response 
to Raup and Sepkoski, trying to 
disprove their idea point by point. 
When he finished, he showed the 
letter to Muller and asked him to 
play devil’s advocate. “He always 

had close colleagues check over 
everything he did,” Muller says. 
Soon, in his attempt to prove 
his colleague wrong, Muller had 
convinced himself  that the paleon-
tologists actually might be on to 
something, although he wasn’t sure 
what. So he set off  to explain what 
could cause so many species to go 
extinct every 26,000 millennia.

THE HUNT FOR NEMESIS
Muller came to the idea of  a 
secret star in a huge orbit — a 
26 million-year-long orbit — with 
the sun. If  it were small and dim, 
we might never know it was there. 
But Muller and colleagues realized 
that, as the star approached the 
sun, its gravity would tug billions 
of  comets out of  their faraway 
orbits and cast them toward the 
inner solar system — sometimes, 
right into Earth. He told Alvarez 
about the idea. They did a quick 
calculation to see if  such an orbit 
could exist stably and pull the 
comets toward Earth. It could. 
Luis was a believer in math, and 
so, stunned, he called up the 
paleontologists to tell them about 

A theoretical companion star to our own might 
be in an enormous orbit that stirs up comets and 
flings them our way every 26 million years. 

Massive marine animal die-offs seem to 
spike every 26 million years, according to 
research that fueled the Nemesis theory.



SIDE VIEW

Sun

North

TOP VIEW

Sun

Makemake

Neptune

Jupiter

Saturn

Sedna

Uranus

Eris

Pluto

Planet Nine

Se
dna

30  DISCOVERMAGAZINE.COM

M
AT

T 
RE

YN
O

LD
S/

U
N

IV
ER

SI
TY

 O
F 

AR
KA

N
SA

S

the sun’s potential partner. The 
team, at Muller’s suggestion, later 
named it Nemesis. 

Luis Alvarez died in 1988, but 
Muller continues to believe that this 
“death star” is out there. 

As the mass extinction 
theory gained atten-
tion, it also drew 
out competing 
ideas about 
the length of 
the “cycle of 
death” and its 
causes. In 2007, 
astronomers 
Mikhail 
Medvedev and 
Adrian Melott 
of  the University of 
Kansas suggested that cosmic 
rays were behind a 62 million-year 
cycle of  extinction events. Two years 
ago, astronomers Lisa Randall 
and Matthew Reece of  Harvard 
University fingered dark matter for 

a 35 million-year cycle — which 
they later revised to 32 million 
years — based on the birth dates of 
large craters from comet crashes. 
Most recently, Daniel Whitmire 
of the University of Arkansas 

in Fayetteville revived the 
idea that the potential 

Planet X (also known 
as Planet Nine) 

— a hypothetical 
Neptune-sized 
world that Caltech 
researchers found 
evidence of in 
early 2016 — could 

cause cyclical comet 
disturbances. Each 

research team has 
evidence to support its 

claim, but none has emerged as  
a clear winner.

Today, general consensus has 
shifted. If  cyclical extinctions do 
occur, the current thinking goes, 
it’s the solar system’s trip around 

the galaxy, rather than another 
star’s trip around our solar system, 
that causes the die-offs. As the sun 
orbits the Milky Way’s center, the 
solar system drifts in and out of 
its spiral arms. We also slide up 
and down, from the galaxy’s dense 
equator to its wispier latitudes. 
These geographical changes expose 
the solar system to different forces 
of  gravity and radiation. The solar 
system’s shifting environment may 
change conditions on Earth, making 
them deadly. 

Melott, for instance, wrote in 
2007 that the galaxy’s cosmic 
rays — particles with the energy 
of a baseball traveling at 90 mph 
— could be the culprit. He pointed 
out that more cosmic rays come 
from the “north” side of the Milky 
Way. So when the solar system 
is traveling through that part of 
the galaxy, about every 62 million 
years, more cosmic rays hit Earth, 
causing direct radiation, increased 

The solar 
system’s shifting 

environment may 
change conditions 
on Earth, making 

them deadly.

PLANET NINE

Some researchers look within our solar 
system for the culprit behind mass 
extinctions; others suspect it’s our solar 
system’s movement around our galaxy, 
wobbling up and down as we go, that 
could be hazardous to our health.

Instead of a Nemesis star, some 
researchers believe this theoretical 
rogue planet, also sometimes called 
Planet X, is in orbit far beyond the 
inner solar system. Like the black 
sheep of your family, it causes 
chaos (in the form of disturbed 
comets) whenever it's in town, 
about every 27 million years.

In January, 
retired 
astrophysicist 
Daniel Whitmire 
published 
research linking 
the as-yet-
unconfirmed 
Planet X to 
cyclical mass 
extinctions.
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ultraviolet rays and perhaps altered 
weather patterns.

Melott has also argued against 
Nemesis as the cause of cyclical 
extinctions, in 2010 and again in 
2013. According to his findings, bio-
diversity — the variety of life, which 
would plummet in a mass extinction 
event — has dipped every 27 million 
years. The cycle is so precise, he says, 
that a stealth star couldn’t pull it off: 
The time it would take Nemesis to 
travel around the sun would change 
by a few million years each orbit. 

DUELING THEORIES
But another scientist, Coryn 
Bailer-Jones, takes issue with the 
math behind Melott’s models — 
and, actually, almost everyone else’s. 
Bailer-Jones is a scientist at the Max 
Planck Institute for Astronomy in 
Heidelberg, Germany, and a team 
member of Gaia, a space-based 
telescope that the European Space 
Agency launched in late 2013. Gaia 

COSMIC RAYS

is making a 3-D map of the Milky 
Way by measuring the positions and 
motions of 1 billion stars.

Measurements from Gaia, which 
will be released by 2020, will allow 
scientists to better understand the 
path our solar system takes through 
the galaxy and understand its specific 
galactic surroundings during a given 
time period. These measurements 
could reveal that travel through 
dangerous areas — such as those with 
more cosmic rays or dense pockets 
of stars — does show a kind of 
periodicity that could explain regular 
extinction events. But Bailer-Jones 
doesn’t think it will.

“I was a little disconcerted to see 
how apparently strong conclusions 
can be drawn from rather dubious 
statistics,” he says in a fast British 
accent. In 2009, he contended that the 
scientists who favor extinction cycles 
equate “evidence against random-
ness” with “evidence in favor of their 
hypothesis.” They tend to test whether 

their model — for instance, Melott’s 
27 million-year period — fits the 
data better than randomly occurring 
extinctions. If it does, he says, they 
claim that as evidence supporting a 
27 million-year period. 

What they do not realize, Bailer-
Jones says, is that a third alternative 
might actually be better than both. A 
different cycle or multiple interacting 
cycles could fit just as well. “This is a 
classic mistake,” he says. “They’ve not 
actually tested their periodic model.”

A few years after Bailer-Jones 
initially raised the contention, 
he and Melott went at it directly, 
rebutting each other point by point 
in a series of 2013 papers. It got 
personal at times, such as Bailer-
Jones’ statement that Melott’s 
work suffers from “either not 
understanding or not accepting the 
concept of (evidence-based) model 
comparison.” Bailer-Jones clarifies 
the conflict, from his perspective, 
this way: “I think what I’m doing 

As our solar system travels through the Milky Way, 
it passes through the galaxy's “north” neighborhood, 
where cosmic rays are more common, about every 
62 million years. That uptick in exposure to the 
energetic particles could cause a host of problems 
on Earth, perhaps enough to trigger a mass extinction 
event.

Adrian 
Melott (left) 
and Mikhail 
Medvedev 
(right) first 
proposed 
the cosmic 
rays theory 
in 2007.
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Things outside  
our atmosphere 

have written some 
of our history  

for us. They will  
write some of the  

future, too. 

is right and what they’re doing is 
wrong, and they think the opposite. 
Unless you can convince them on 
their grounds that they’re wrong, 
they’re not going to budge. But what 
I’m saying is that it’s exactly their 
grounds that are problematic.”

Bailer-Jones does not necessarily 
believe extinctions aren’t periodic, 
but he does think that some scientists 
oversimplify the situation. “There’s 
no reason these extinctions had 
to have a common cause. They 
could be from volcanism, massive 
impacts, supernovae. It’s just 
complicated.” Scientists would do 
better, Bailer-Jones says, to focus on 
the more general question of whether 
extraterrestrial factors influence 
extinctions than a specific timeline. 
“It’s a shame there’s been a hang-up 
about periodicity,” he says.

DEATH AND DARK MATTER
People still are hung up, and 
measurements from Bailer-Jones’ 
Gaia may, in fact, bolster or bash a 
new periodicity idea from Harvard 

theoretical physicist Lisa Randall 
and her colleague Matthew Reece. 
Comet crashes, they claim, may well 
follow a pattern. And what 
sends them toward 
Earth is a kind 
of  dark matter, 
that invisible 
substance that 
makes up some 
85 percent of 
the mass in 
the universe, 
controlling 
gravity on the 
largest scale.

Randall, who 
explained her theory 
for a general audience 
in her 2015 book Dark Matter 
and the Dinosaurs, has proposed 
that a new form of dark matter 
coexists with “regular” dark 
matter. Unlike the normal variety 
of  the stuff, which is fairly inert, 
this novel type of  dark matter 
loses energy over time and settles 
into a thin disk in the midplane 
of  our galaxy. That extra matter 
wields additional gravitational 
force on everything around 
it — including comets, sending 
them out of  their distant orbits 

and into the inner solar system.
In Randall and Reece’s model of 

this dark matter disk, they found 
that Earth travels through 

the disk on a regular 
schedule, oscillating 

above and below 
the galaxy’s 
equator while 
orbiting the 
galactic center. 
The changing 
gravity could 
be substantial 

enough to 
perturb our 

comets. They used 
their model of  the 

galaxy to calculate what 
the cycle’s time period would be, 

and then determined whether that 
period matched up with the ages of 
craters from ancient comet impacts. 
Their dark matter model revealed 
that a 32 million-year cycle was three 
times as likely as random cratering. 

They’ve encountered some 
skepticism, including those who say 
the dark matter disk is simply a non-
possibility. But time will tell, because 
Randall’s idea is testable: Future 
observations of  our galaxy, as well 
as of  tiny galaxies surrounding the 

Coryn Bailer-Jones (left), a member of the team behind the space-based European telescope 
Gaia (below), believes biased methodology may be muddling the question of whether 
extinctions are cyclic. Data from Gaia, released in the next few years, could clarify the issue.
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nearby Andromeda 
Galaxy, could find this 
type of  dark matter 
and illuminate the solar 
system’s route through it. 

In 2015, Michael 
Rampino of  New York 
University proposed a 
different theory about 
dark matter and mass extinctions. 
When Earth passes through the 
Milky Way’s disk, as it does every 
30 million years, it encounters 
denser knots of  “normal” dark 
matter. Those invisible particles 
could tunnel, like cosmic rays, to 
the center of  our planet. There, 
Rampino says, they would annihilate 
each other, and that reaction would 
heat Earth’s core — potentially 
by hundreds of  degrees. That 
fever would, in turn, induce other 
symptoms: volcanic eruptions, 
rising seas and changes in climate. 

While the 
scientists in 
this field still 
differ over 
the timespan 
of  periodic 
extinctions 
and the 
culprit behind 

them, all of  their competing ideas 
point back to Raup and Sepkoski’s 
original conclusion: “extraterrestrial 
causes.” After all, we know 
sometimes stars do fling comets at 
us. We know dark matter does exist. 
Enough cosmic rays can change 
the environment and climate. We 
are speeding through the galaxy, 
sometimes uncomfortably close to 
other stars. 

Things outside our atmosphere 
have written some of our history 
for us. They will write some of the 
future, too. Scientists may have 

different ideas of  what that future 
will be, and whether it has anything 
to do with cycles in the millions 
of  years. But they all agree on one 
thing: “What we’re really interested 
in is where we came from and why 
we’re here,” Muller says. “I think the 
human spirit wants to know how we 
fit into the world, and where we fit in 
the universe.”

That universe cooked Earth up 
from the leftovers of dead stars. It 
nurtures life and then stamps it out. 
Qué será será, and at some point 
— whether a predictable number of 
years from now or not — qué será 
won’t be pretty. Something is coming 
for us. Something has already come 
for 99 percent of the species that 
have ever lived. We’re just the first to 
notice ahead of time.  D

Sarah Scoles is a science writer in Denver. 

She enjoys trails, caffeine and books.

Galactic plane

Dark matter

32 million light years

Sun

DARK MATTER

Lisa Randall and Matthew Reece believe 
dark matter may cause mass extinctions.

Making up 85 percent of the universe’s mass, 
this invisible substance may be what’s causing 
mass extinctions every 30-32 million years, 
though theories differ greatly in the details.

A disk of dark matter in our 
galaxy’s midplane may throw 
comets at us, or . . .

. . . knots of dark matter 
may heat Earth’s core to 
catastrophic levels.
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Horns of an 
auroch and an 
enigmatic face 
adorn a small 
pot (opposite)
found at the 
prehistoric city 
of Çatalhöyük. 
Excavations 
at the site 
(this page), 
located on 
the Anatolian 
plateau of 
central Turkey, 
are wrapping up 
after decades 
of digging.
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unç İlada stoops to pick up a pottery shard, one of  many littering 
the ground at the Neolithic settlement of  Çatalhöyük. “This 
is from a Roman ceramic workshop that was here nearly 2,000 
years ago,” İlada, a tour guide, says of  the shard. “But for the 
archaeologists working here, this is practically brand new.”

Ancient Rome indeed feels like modern history compared with the 
finds for which this arid, dusty site in rural central Turkey is most 

renowned. Beginning some 9,500 years ago, in roughly 7500 B.C., and continuing 
for nearly two millennia, people came together at Çatalhöyük to build hundreds 
of tightly clustered mud-brick houses, burying their dead beneath the floors and 
adorning the walls with paintings, livestock skulls and plaster reliefs. Greeks, 
Romans and other later cultures left evidence of their subsequent presence 
at the site, but it’s the Neolithic residents who have captured archaeologists’ 
imaginations: Now, new techniques to analyze the tantalizing clues left by these 
first settlers may overturn our entire notion of prehistory. 

The 34-acre site, at one time inhabited by 
as many as 8,000 people, is among the world’s 
largest and best-preserved early settlements. It’s 
astonishingly rich in artifacts: When the first 
digs began in 1961, British archaeologist James 
Mellaart “chose his excavation area based on 
where wall paintings had been revealed by erosion 
and were just sticking up from the ground,” says 
current excavation director Ian Hodder. When 
Hodder, a former student of  Mellaart’s, took 
over the dig in 1993, his team unearthed nearly 
20,000 objects that first year through surface 
collection alone. And although Çatalhöyük’s 
first inhabitants left behind no written records 
or other traces of  the language they spoke, 
artifacts suggest they were connected through 
trade to places as far-flung as the Red Sea and the 
Mediterranean coast.

Mysterious, fascinating objects are still being 
uncovered at Çatalhöyük. The prize of  the 2015 
dig season was a head modeled out of  plaster 
and adorned with obsidian eyes. Though the 
site’s earliest residents are known to have applied 
plaster and ochre to the actual skulls of  their 
dead, an artifact like this — found “watching 
over” what researchers think was a storehouse — 
had not been seen before. 

But the digs are winding down. As Hodder’s 
team members wrap up a 25-year excavation and 
make the last new finds, they’re also focusing on 
putting past discoveries into context.

WINNING THE DATING GAME
“Radiocarbon dating alone can only show us 
if  one artifact’s origins are within 200 years of 
another,” says Alex Bayliss, a University of Stirling 

archaeologist on Hodder’s team. “That’s like the 
difference between us and Napoleon. Most people 
wouldn’t know what their ancestors were doing 
during the Napoleonic Wars.”

Bayliss’ current work aims to refine dating 
of  the site to within a generation, to better 
understand relationships within the community 
and how it changed over time. To do so, she 
combines radiocarbon dating with stratigraphy — 
analysis of  each of  the layers of  the 69-foot-deep 
site — and data gleaned from all other available 
material, including fragments gathered by local 
women sifting through sand and gravel samples 
with thick tweezers. Bayliss then crunches the 
data using Bayesian statistics, a sophisticated 
mathematical technique that can incorporate 
multiple lines of  evidence. 

“The detailed stratigraphy and the depth 
excavated at Çatalhöyük mean I can routinely 
get samples that give me a chance of  getting to 
within [a date range of] 20 to 40 years,” Bayliss 
says. “This allows us to say that the people in this 
house knew the people in that house. It’s taking 
the ‘pre’ out of  prehistory.”

Black Sea

Mediterranean Sea Çatalhöyük

TURKEY
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From top: British 
archaeologist 
James Mellaart, 
who began 
excavating 
the site in the 
1960s; current 
excavation 
director Ian 
Hodder; and 
archaeologist 
Alex Bayliss.



September 2016  DISCOVER  37

DE
AG

O
ST

IN
I/G

ET
TY

 IM
AG

ES
 (2

)

Hodder and others on the Çatalhöyük team have hailed 
Bayliss’ work as among the most groundbreaking of  the 
entire project. It’s possible to compare this new generational 
chronology directly against the climate record, which 
researchers can also measure on a finer scale by examining 
changes to tree rings, lake sediments and other materials. 
This direct comparison could establish whether important 
milestones, such as the introduction of  domesticated cattle, 
were related to changes in the surrounding environment. 

More precise dating of  the hundreds of  often co-mingled 
human remains at the site could also indicate the 
relationship between, for example, a body and the plastered 
skull cradled in its arms at the time of  burial: Were they 
parent and child, or was the skull a venerated ancestor, 
many generations removed?

This dating technique also has implications for 
understanding the site’s social dynamics. “If  we know 
that two houses are exactly contemporary, we can start 
determining that differences between them may have been 
by choice, rather than just a change in the times,” Bayliss 
adds. “Say I have a wall painting [that I’m looking at in 
Çatalhöyük]. Is it of  a red bull because red bulls were 
‘so this season,’ or is it because it was painted by the 
grandchildren of  the people who painted an earlier red bull, 
and it’s kind of  a family heirloom?”

With the current excavations scheduled to wrap up this 
month and final data to be published over the next two 
years, Bayliss, Hodder and others on the team hope that 
this highly refined, comparative approach to dating will help 

More than 
8,000 years ago, 
Çatalhöyük was 
already a city 
of one-room 
homes, accessed 
from the roof. 
Places of 
worship (inset) 
often featured 
bucrania, the 
decorative use 
of animal horns.



unravel some big questions that remain about the site: why 
these people first settled in such a large community, how 
they lived and why things eventually fell apart.

LIFE WITHOUT LEADERS
One of  the enduring mysteries of  Çatalhöyük is how 
this early society was organized: The hundreds of  homes 
excavated thus far exhibit remarkable unity in how they 
were built, arranged and decorated, with no sign of 
any distinctive structure that could have served as an 
administrative or religious center. In most of  the layers of 
successive settlement, each household seems to have had 
a similar amount of  goods and wealth, and a very similar 
lifestyle. It’s primarily in the most recent uppermost layers, 
after about 6500 B.C., that signs of  inequality begin to 

emerge. Hodder speculates that this uniformity, as well as 
a strong shared system of  beliefs and rituals, kept people 
together in the absence of  leaders. He cautions, however, 
that it may not have been an egalitarian utopia.

“We believe people in Çatalhöyük were quite equal, 
but it might not have been the nicest society to live in,” 
he says. “Residents had to submit to a lot of  social 
control — if  you didn’t fit in, you presumably left. What 
Çatalhöyük may show is that such a society only works 
with strong homogeneity. For many generations, it was 
very unacceptable for individual households to accumulate 
[wealth]. Once they started to do so, there is evidence that 
more problems started to arise.”

Some of  the new evidence for this theory comes from 
Çatalhöyük’s human remains lab. There, Ohio State 

Urban sprawl 
is still a reality 
at Çatalhöyük, 
millennia after it 
was abandoned. 
Separate 
structures 
protect north 
(top) and south 
excavation 
areas from the 
elements.
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Unearthing  
a Mystery
1958 Çatalhöyük site is discovered by 
British archaeologists James Mellaart, 
David French and Alan Hall.

1961 First excavations 
begin under Mellaart’s 
leadership, quickly 
uncovering a wealth of 
wall paintings, burials, 
figurines and ornamental 
livestock skulls called bucrania.

1965 Mellaart’s excavations 
end amid a dispute with the 
Turkish government.

1993 New 25-year excavation cycle 
begins under direction of Ian Hodder.

1998 Large hoard 
of painted ceramics is 
found in a later part 
of the site, suggesting 
greater significance was 
given to pottery as the 
settlement moved out of the Neolithic 
and toward the Bronze Age.

2004 Plastered skull painted red 
is found in the arms of an intact 
skeleton buried under the floor of a 
house, raising new questions about kin 
relations at the site.

2011 Analysis of dental remains from 
266 skeletons reveals that individuals 
buried together under the same house 
were likely not biologically related.

2012 Çatalhöyük is designated a 
UNESCO World Heritage site.

2013 A piece of 
linen woven with 
flax believed to have 
originated in the 
eastern Mediterranean 
is found at the site, the 
first indication that textiles may have 
been traded over long distances during 
the Neolithic.

2016 Final season of excavations 
scheduled to conclude in September.

2017-2018 Final data from 
Hodder’s excavation due to be released.
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WUniversity’s Joshua Sadvari noticed something odd about one 
of the hundreds of skulls in the lab’s collection, the world’s 
largest single Neolithic assemblage. Team leaders Christopher 
Knüsel of the University of Bordeaux and Bonnie Glencross 
of Wilfrid Laurier University took a closer look.

“The cranium had a depressed fracture,” says Knüsel. “We 
started going through the other remains looking for more.” 
He and Glencross found dozens of  skulls with similar 
wounds, all showing a consistent pattern of  injury to the 
top back of  the skull. “The pattern of  the wounds suggests 
that most of  them were inflicted by thrown projectiles, but 

all of  them were healed, meaning they were not fatal.” They 
speculate that the attacks that caused the injuries were 
meant only to stun, perhaps to control wayward members 
of  the group, or to abduct outsiders as wives or slaves.

In line with Hodder’s theory, the skulls with this 
characteristic were found primarily in later levels of  the 
site, when more independence and differentiation between 
households started to emerge. Hodder speculates that, with 
these inequalities potentially creating new tensions among 
the community’s members, non-fatal violence may have 
been a means to keep everyone in check and prevent or 

1. Geometric and spiral motifs on a wall were likely 
carved with a bone. 2. Wild bull horns are a common 
decorative element. 3. The site contains numerous 
burials, often beneath homes. 4. Archaeologist Katarzyna 
Harabasz cleans a skull at the site’s human remains 
lab. 5. Çatalhöyük has attracted an international, 
multidisciplinary team of researchers to excavate and 
interpret the city’s wealth of artifacts, burials and other 
clues about its Neolithic community.

1

 2

 3

4
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diffuse full-fledged conflicts that could break the settlement 
apart. “The head wounds, in a way, confirm the idea of 
a controlled society,” Hodder says. “They suggest that 
violence was contained and regulated, not something that 
led to large-scale killing.”

KICKSTARTING THE ANTHROPOCENE
The Çatalhöyük site is divided between two low hills on an 
otherwise flat plain. Today’s visitors see a predominantly 
dry landscape stretching in all directions, but the original 
settlers were likely drawn there by the now much-diminished 

Çarsamba river — what’s left of  it runs through a channel 
alongside a rural road leading to the site. When Çatalhöyük 
was first settled, however, the river’s marshy wetlands would 
have provided fish and water birds for food, and wet clay for 
building and replastering their homes.

Researchers believe the very process of  digging for clay 
changed the river’s drainage and eventually its course, which 
may have contributed to the abandonment of  what they call 
the East Mound for the nearby West Mound around 6000 
B.C. It’s evidence that suggests humans at Çatalhöyük — 
and possibly elsewhere — were already having an impact on 

6. Official site illustrator Katy Killackey traces 
red handprints, another decorative element, 
on an overlay for future study. 7. A geometric wall 
painting was among a trove of finds during the 
2011 field season. 8. In just one building, researchers 
found multiple burials and a plaster figurine. 
9. Conservation team leader Ashley Lingle prepares 
to remove a wooden object from a burial site of 
four individuals, including three juveniles. 10. A wall 
painting depicts humans hunting a red bull.
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Neolithic ecosystems and even the climate.
Most scientific literature holds that the Anthropocene, 

the period of  human activities influencing the environment, 
began with the industrial era in the 1700s, explains 
Hodder. “But you could argue that this impact goes back 
much further, starting in the Neolithic period at places 
like Çatalhöyük,” he says. “Farming ends the reciprocal 
relationship with nature that hunters had. At Çatalhöyük, 
we see evidence of  deforestation, of  extensive burning, 
of  erosion and of  large-scale grazing transforming the 
environment.” The trend of  reworking the landscape, first 
begun in Neolithic times, continues today: Heavy use of 
irrigation has turned the area into one of  modern-day 
Turkey’s agricultural centers.

Hodder’s team planned additional soil coring of  the 
area around Çatalhöyük this summer. Their hope is 
to find more details about how the local environment 
changed during roughly two millennia of  settlement, 
and how those changes may have affected people’s behavior, 
perhaps even contributing to the site’s eventual dissolution 
circa 5500 B.C.

RUMINATING ON TECHNOLOGY
Farmers in the Fertile Crescent, more than 200 miles east of 
Çatalhöyük, began domesticating cattle around 8000 B.C. 
By 6500 B.C., the practice had moved to parts of  Turkey’s 
Central Anatolia, Çatalhöyük’s general neighborhood. But 
evidence of  domesticated cattle at Çatalhöyük is scarce 
until after the move to the West Mound. Compared with 
their neighbors, the people of  Çatalhöyük appear to have 
been “late adopters” of  that era’s hottest new innovation: 
domesticated cattle.

“Every domesticated animal is a hugely complex new 
technology that offers great potential for change, but 
also requires great investments,” says Katheryn Twiss, 
an associate professor of archaeology at Stony Brook 
University and co-director of Çatalhöyük’s faunal analysis 
laboratory. “If you have cattle, you can start to plow, 
but you also have to be able to get enough water and 
graze, and to keep them healthy and safe from predators. 
There may have been reasons to resist adopting this 
technological advance.”

Some 3 million animal bones have been found at 
Çatalhöyük — primarily from sheep and cattle, but 
also goats, horses, dogs, boar, fox, deer, hare and other 
species. Twiss’ team has been analyzing them to determine 
when, and why, the settlement transitioned from hunting 
to herding. Ongoing research may link the arrival of 
domesticated cattle with emerging inequality between 
households, and increasingly individualistic behavior 
among Çatalhöyük residents.

QUESTIONS OF GENDER ROLES
Site discoverer James Mellaart and other archaeologists 
believed that Çatalhöyük was a matriarchal society — 
these early theories were based in part on clay figurines 
found in the settlement and believed to represent a 
“mother goddess.” Although researchers have since 
largely dismissed the idea of  a matriarchy, some intriguing 
evidence suggests relatively high levels of  gender equality.

Researchers have found more than 500 individual human 
skeletons on site, most interred below the plaster floors 
of Çatalhöyük’s homes. Some remains were subsequently 
disinterred and their skulls reburied with other bodies, 
possibly as a form of ancestor worship. Analysis of the site’s 
remains has not shown significant gender-based differences 
in how the dead were buried, including their grave goods 
or which skulls were later removed and placed with other 
individuals. Studies of the Neolithic residents’ teeth likewise 
reveal no major gender discrepancies in wear patterns, as 
would occur, for example, if  men had more regular access to 
meat than did women.

“Teeth are usually really well-preserved and can tell 
you so much about diet and health, in addition to genetic 
relationships and social structure,” says Marin Pilloud of the 
University of Nevada, Reno, who studies the size and shape of 
teeth as part of her work in Çatalhöyük’s human remains lab.

The relatively warm climate at Çatalhöyük and 
contamination issues from the previous generation of 
digs have made it difficult to analyze genetic material, 
so Pilloud uses teeth as a proxy for DNA. “Sixty to 80 
percent of  the variation in tooth size and shape can be 
attributed to genetics,” she says. Her research thus far has 
shown greater variation among female teeth than those 
from males, suggesting more women than men married 
into the community.

Analysis of  bone development has also revealed some 
subtle differences between men and women in terms of 
manual labor. Says excavation director Hodder: “Women 
seem to have been more involved in activities related to 
grinding grain, while men were more active in throwing” 
— a movement linked to hunting with spears.

Hodder cautions, however, against drawing too many 
conclusions about a society so distant from our own. 
Current theories about Çatalhöyük’s level of  gender 
equality may one day seem as quaint as Mellaart’s 
belief  that its residents were goddess worshippers. 
“Interpretations will change, different ideas will come 
along,” Hodder says. “What’s important is leaving a 
detailed set of  data that people can play with, test new 
hypotheses against, and mine endlessly.”  D

Jennifer Hattam is a freelance journalist based in Istanbul. 

1. A pot found in a midden (refuse) layer amid bones and other artifacts. 2. Perhaps a model of a bull, a sculpture has lost its horns over the 
years. 3. A head of plaster was among the most important finds of the 2015 season. 4. Possibly unfinished by its carver, a triangular piece 
of limestone depicts a seated, bearded man and is similar to Neolithic carvings from elsewhere in Turkey. 5. Found in the 1950s, the “mother-
goddess” sculpture influenced early theories about society and worship at Çatalhöyük. 6. A primitive-looking figure may actually date to one 
of the many more recent periods of settlement at Çatalhöyük. 7. Shell ornaments were found in 2005 with an infant burial.
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Teens tend to make rash decisions, 
                        and it all comes down to the brain. 

   Adults could learn a thing or two from them. 

                                            BY KAYT SUKEL

THE YOUNG 
         AND THE
    RISKLESS
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I   f  you came of  age in the 1980s, 
as I did, you’re likely familiar 
with the movie Lethal Weapon. 
Two mismatched police detectives 
unexpectedly find themselves partnered 
up: Martin Riggs, the loose cannon 
with revenge on his mind, and Roger 
Murtaugh, the older, wiser man of 
the force, counting the days until 
retirement. When I saw this film for the 
first time in high school, I identified 
with the loonier of  the two, Riggs. He 
might be a little crazy, but man, he was 
fun. Also, easy on the eyes. When I 
watched the film recently, however, my 
sympathies had changed. Today, I’m 
more in Murtaugh’s corner. Mostly 
because I find myself, as a middle-
aged mom, inadvertently quoting his 
signature line, “I’m too old for this 
shit,” on a regular basis.

I used to be a risk-taker. But now, 
I just feel too old to bother. The 
potential negative consequences of  a 
risky decision, like the loss of  financial 
or social stability, seem too great to 
bear. I have a mortgage to pay, for 
goodness’ sake! I have a kid to raise. 
And the positive outcomes? Well, they 
just don’t seem as compelling as they 
once did. But I can’t help wondering 
why my approach has changed so 
much. Has my age and place in 
society somehow affected the way I’m 
perceiving and pursuing risk? What’s 
changed in me since my crazy, risk-
taking teenage years? 

THE TEEN SPECIES
Jonathan is not the kid you think of 
when someone mentions your typical 
risk-taking teenager. At 18, he’s an 
above-average student, secretary of  the 

student council and a star player on his 
school’s soccer team. He’s friendly and 
well liked across his school’s diverse 
social strata. Everyone in his life 
expects him to do great things. And he 
seems fairly unaffected by the weight of 
those expectations. He’s the kind of  kid 
who makes the teen years look good.

But even for Jonathan, adolescence 
isn’t an easy process. It’s a volatile 
time, both physically and emotionally. 
Abigail Baird, a brain researcher at 
Vassar College, says what you see on 
the outside is happening in the teenage 
brain as well.

“You see that explosive growth and 
the gawkiness that comes with it on 
the outside during adolescence — kids 
suddenly shooting up with long, 
clumsy arms and legs,” she says. “What 
shouldn’t be surprising, then, is that 
there’s that same gawkiness when 
we’re talking about the brain, too. It’s 
not an exaggeration to say things are 
exploding in terms of  brain growth.”

And those changes, neuroscientists 
argue, make teenagers the ultimate 
risk-takers. 

“The biggest source of  morbidity 
and mortality in young people 
in industrialized countries isn’t 
medical disease but problems with 
behavior and emotion,” says Ronald 
Dahl, a researcher at the University 
of  California, Berkeley’s School 
of  Public Health. “We’re talking 
about suicide, homicide, car accidents, 
substance abuse and sexual risk-
taking. There is something about 
the neurobiology of  adolescents that 
makes them more likely to take risks 
than children or adults. We’re only 
beginning to understand it.”

“Eighty percent of adolescents don’t do wild and crazy things. 
But even the shy, anxious kids tend to become more exploratory 
and more likely to experiment during mid- to late adolescence.”A
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the brain’s risk-and-reward processing 
circuitry, but also mediates social and 
emotional behaviors.

At around age 10, spurred by sex 
steroids and other important growth 
hormones, the brain starts to prune 
dopamine receptors in the striatum, an 
important part of  the basal ganglia, 
and in the prefrontal cortex. This 
pruning changes the relative density 
of  receptors in the circuit linking 
the area of  the brain involved with 
processing rewards (the basal ganglia) 
and the area of  the brain implicated in 
inhibition and control (the prefrontal 
cortex). The changes in receptors mean 
that dopamine is flowing somewhat 
unencumbered. And the result is 
an out-of-sync mesocortical limbic 
system, which regulates emotion 
and motivation. So with emotion 
and motivation amped up and 
inhibition and long-term planning 
capability dampened, basically, you 
see an increase in gas and a decrease in 
brakes. Looking back at my teen years, 
which were fraught with more than a 
bit of  crazy, it makes sense to me.

These dramatic changes to the brain 
have led Baird to suggest adolescence 
is much like a second toddlerhood. 

That includes the so-called good 
kids like Jonathan. Dahl explains, 
“Eighty percent of  adolescents don’t 
do wild and crazy things. But even 
the shy, anxious kids tend to become 
more exploratory and more likely 
to experiment during mid- to late 
adolescence.”

Jonathan may have a good 
head on his shoulders, but, after 
a thorough talk, I learn he also 
has an unapologetic penchant 
for partying. Some of  his and his 
friends’ exploits include random (and 
sometimes unprotected) sex, drug use, 
fistfights, skipping school and home 
responsibilities, driving under the 
influence, and jumping off  a second-
story roof  into a neighboring home’s 
swimming pool. 

A BRAIN DISCONNECT
Jonathan will be the first to admit 
he knows better. “I mean, I don’t 
want to say any of  that stuff  is a good 
idea — it’s not,” he says. “But it’s fun. 
Sometimes I think I should have just 
stayed home and worked on [soccer] 
drills or studied or something instead 
of  going to the party. But I never think 
any of  that [while I’m partying].”

As many of  us remember from our 
adolescence, when it comes to risky 
business, it’s not that teens don’t know 
better. But knowledge isn’t always the 
most important factor when you’re 
making a decision in the moment. So, 
despite the known consequences, teens 
still often act unwisely. There seems to 
be some kind of  disconnect between 
knowing and doing in the teenage 
brain — and new work in neuroscience 
suggests this disconnect is literal as 
well as figurative. 

Laurence Steinberg, a social 
neuroscientist at Temple University, 
posits teens are more likely to 
indulge in risky business because of 
the way their brains are maturing. 
Right around puberty, when sex 
hormones are working their magic 
on our reproductive systems, 
they’re also heralding some pretty 
dramatic changes in our brains. 
These alterations result in significant 
differences in how the brain processes 
dopamine — which not only affects 

When she first tells me this, I laugh. 
But on further reflection, I see her 
point. The toddler years are a sensitive 
period of  growth in both the body 
and brain that helps babies transition 
into kids. And when I look closer at 
the behavior, I see the overlap. 
“That’s not fair”-type tantrums? 
Check. Pushing boundaries? Of 
course. A proclivity for hyperbole? 
Sure. Sensation-seeking? Yep. A “me, 
me, me” mentality? Oh, yeah. 

Studies out of  Baird’s lab and 
others suggest that those out-of-
control emotions and bewildering 
motivations that so many parents 
wish they could quash are important 
to all that critical pre-adult learning. 
“The teen years require a lot of  trial 
and error,” Baird says. “If  everything 
wasn’t so dramatic and important and 
emotional, adolescents wouldn’t have 
the motivation they need to get back 
up and do it again when they fail.”

PROCESSING RISK 
AND REWARDS
So why is everything so dramatic 
and important and emotional? It 
comes back to the neurotransmitter 
dopamine. A toned-down prefrontal 

Abigail Baird, a brain researcher at Vassar College in Poughkeepsie, N.Y., suggests 
that our teenage years are akin to a second toddlerhood. The way our brains 

change and the risks we take as teens help us learn to become adults.
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cortex paired with an intensified 
emotion and motivation circuit is the 
perfect recipe for risk-taking. But while 
Dahl says it’s easy to suggest hormones 
make teens temporarily crazy or 
unable to use their frontal cortices 
appropriately, those notions are 
incorrect. Jonathan, for the most part, 
thinks things through. For example, 
he has asked me to use a pseudonym. 
Despite that rationality, his teenage 
brain strengthens the power of  rewards 
so that he’s motivated to gain the 
experience required to grow and learn. 
And one way it’s doing so is in how 
rewards are perceived. 

Recent work by B.J. Casey and 
her colleagues at Cornell University 
suggests the teen brain processes risks 
the same way adult brains do, but with 
one important difference: Areas of  the 
brain involved with reward processing 
are much more active in teens than in 
younger children or adults. 

The implication is that this 
increased activity results in teens 
overestimating the value of  rewards. 
When we consider Jonathan’s decision 
to skip using a condom, his brain 
magnified the reward involved with 
a hookup. His brain was telling 
him that he couldn’t pass up this 
encounter: This sex will be the 
sexiest sex of  all time. It became a 
reward fantastic enough to outdo 
all other considerations, including 
the potential consequences of 
teenage pregnancy or venereal 
disease. 

“Really wanting those 
rewards is to our advantage 
when learning,” Baird notes. 
“One thing we do know 
about adolescence is that it’s 
a really great time to learn 
new things. And having that 
incentive to get yourself  
up, dust yourself  off  and 
try it all over again is 
invaluable. Otherwise, 

we might not try again and get the 
experience we need to actually do 
that learning we need to move from 
childhood to adulthood.” 

GOOD IDEAS AND BAD IDEAS
I first met Vassar’s Baird at 
a neuroscience conference in 
Washington, D.C., after hearing her 
present some research on the teen 
brain in a symposium about how 
neuroscience should shape the law. 
As part of  her presentation, she 
queried the audience: “Tell me 
something,” she said. “Do you think 
swimming with sharks is a good idea 
or a bad idea?”

The majority of the audience, mostly 
adults, instantly yelled back, “Bad idea!”

If  any of  the adult shark pooh-
pooh-ers had been having their brains 
scanned at that moment, scientists 
would have seen increased activation 
in the amygdala and insula — two key 
parts of  the brain’s limbic system and 
important inputs to the mesocortical 
limbic circuit. 

You may know the amygdala as the 
seat of  the fight-or-flight response. 
But Baird tells me that the amygdala 
is responsible for the four F’s. “Fight 
and flight, everyone knows. The next 
F is feeding. And that last F stands for 
reproduction,” she jokes. 

The amygdala represents the things 
we need to stay upright, breathing 
and propagating the species. And, 
with the basal ganglia, it helps 

Studies out of Baird’s lab and others suggest that those out-of-control 
emotions and bewildering motivations that so many parents wish they 
could quash are actually important to all that critical pre-adult learning.

The Risky Brain

Prefrontal cortex

Insula (insular cortex)

Parts of the 
basal ganglia

Amygdala

Striatum
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their frontal lobes, and it’s just not 
as efficient.”

In fact, they took roughly 300 
milliseconds longer than adults to 
work the idea through. While 300 
milliseconds may not seem long, 
Baird says it’s significant. “People 
don’t realize that 300 milliseconds gets 
people killed on a regular basis,” 
she tells me. “That’s a decision to run 
a red light when you’re driving in 
your car. It’s plenty of  time to do 
damage when you’re talking about 
a dangerous situation.”

OLD CLIMBERS 
AND BOLD CLIMBERS
It’s clear teens have a neurobiological 
predisposition for pushing the 
envelope. And studies show that 
this increased risk-taking continues 
through the teen years and well into 
young adulthood. Around the age 
of  25, the prefrontal cortex matures 
to the point where one is better at 
applying the brakes when faced with a 
risky decision. 

Radboud University risk researcher 
Bernd Figner says that studies 
consistently show that we take fewer 
risks as we get older. And the reason 
for that, he argues, is twofold. 

“There is a maturation of  the 
prefrontal cortex that is happening 
well into young adulthood that enables 
us to be better at inhibiting our most 
influential responses — that is one 
important thing,” he says. “But you 
also see these changes because you are 
more experienced. You now have these 
experiences, and you start to realize 
that it’s not always a good idea to take 
so many great risks. You understand 
the consequences better. You realize 
what’s at stake.”

So, it’s not that I’m old and boring; 
it’s just that I’m better experienced! 
My limbic system has picked up 
enough over the years to help guide 

manage important rewards. But it’s 
also involved in processing memory 
and emotional reactions and attaching 
social salience to objects and events. 
Baird likens it to the brain’s “burglar 
alarm.” 

“This is a part of  the brain that is 
very survival-oriented. It’s all about 
keeping you alive,” she says. “Not so 
much about thinking things through.”

The insula, like the amygdala, 
is also implicated in emotion and 
decision-making. Like the amygdala, 
it plays a key role in survival. But it 
does so by helping you form visceral 
memories about experiences — both 
good and bad.

“The insula gives you those gut 
feelings about things — you know, 
those instant feelings that are critical 
to your decision-making, to your 
innate sense of  right and wrong,” Baird 
says. “But it is a highly developed 
structure. You aren’t born with these 
gut feelings about things. You have to 
learn them.”

Adults can rely both on the 
amygdala and the insula to help inform 
decision-making. But the teen brain 
reacts a little differently. When Baird 
and colleagues used fMRI to scan 
teenagers’ brains as they were asked 
a variety of  “good idea or bad idea” 
questions, including biting a lightbulb, 
eating a cockroach and jumping off  a 
roof, they found their insulae weren’t 
as active as the adults’. The majority 
of  activation was occurring in the 
frontal lobes, where conscious thought 
occurs — and they were taking much, 
much longer to answer the questions.

“With adults, we get an answer 
that is very automatic and fast,” Baird 
says. “But teens don’t get that. Instead, 
they show a frontal lobe response. 
They actually think about it for a 
second. They don’t have the experience 
to have built an automatic response. 
They have to work the idea through 

good decision-making. And my frontal 
lobes have matured enough to actually 
do something with it all. 

It would appear this effect is not 
limited to suburban moms. A study 
that looked at risky behaviors in 
experienced rock climbers found that 
they tend to scale back on riskier 
climbs as they age. 

Gareth Jones, a researcher at 
Leeds Beckett University in England, 
in collaboration with researchers 
at the University of  Cambridge, 
wondered why some rock climbers 
are so willing to engage in risky 
climbs like free soloing, or climbing 
without ropes, while others stick to 
ropes and familiar rock faces. What 
separated those risk-takers from your 
more play-it-safe types? They found 
that measures of  self-efficacy — a 
personality trait that underlies how 
much you believe in your own 
abilities to accomplish a goal (as 
well as deal with the stresses that 
accompany working toward that 
goal) — were predictive of  how 
risky a climber was willing to get. 

The researchers recruited 
more than 200 active rock 
climbers, with one to 48 years 
of  experience, from a variety 
of  climbing venues in Great 
Britain. Participants completed 
a special questionnaire, called 
the Climbing Self-Efficacy Scale, to 
help researchers understand both the 
participants’ self-efficacy levels and the 
kinds of  climbing risks they usually 
undertook. The researchers found that 
self-efficacy was significantly correlated 
with experience, frequency of  climbing 
and the difficulty of  behaviors 
undertaken. 

“Climbers who rated as high 
in self-efficacy engaged in riskier 
climbs — they do more climbing, too,” 
Jones says. “And, yes, they do take 
additional risks, attempting harder 

Experienced rock climbers understand the inherent risks of the sport. 
And since they are well-practiced at performing this task, they manage 
them quite well. But it would seem that confidence is age-related. 
Data have shown that it reduces as you get older.
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climbs when they have that kind of 
confidence in their abilities.”

“That almost makes it sound like a 
bad thing,” I say.

“Not necessarily,” he tells me. “What 
we’ve seen is that experienced rock 
climbers understand the inherent risks 
of  the sport. And since they are well-
practiced at performing this task, they 
manage them quite well — they have 
the experience to know what they can 
do and judge which kinds of  climbs 
are within their capabilities.”

But Jones and company also found 
another interesting trend in their 

Excerpt from The Art of Risk by Kayt Sukel published by National Geographic Partners, 
LLC in March 2016. Copyright © 2016 Kayt Sukel. 

data. Age impacted how confident 
the climbers were in their ability, 
regardless of  experience. The older 
the climber, the less self-efficacy he or 
she showed. This was even observed 
in climbers who were, by all accounts, 
quite skilled.

“It would seem that self-efficacy is 
age-related,” he says. “We saw that it 
reduces as you get older. There’s an old 

saying in climbing, 
‘There’s old climbers 
and bold climbers but 
no old, bold climbers.’ 

And our research 
suggests that is probably 

quite accurate.”
If  there are no old, 

bold climbers, why would 
one expect there to be 
old, bold single moms? 

Even those of  us who enjoy 
riskier hobbies seem to 
be laying off  the gas as we 

transition from adolescence 
to adulthood. But is that 

necessarily a good thing? 
Figner, the risk researcher 
from Radboud University, 

says not always.
“For adults, when you look 

at these typical decision-making 
tasks we use in the lab, people 
are almost too risk-averse,” he 

says. “We use lotteries [in the 
lab], typically, and we find that if  

participants would just be willing 
to take a few more risks, they would 
make a lot more money. Of course, 

whether or not it is a good thing to 
take a risk always will depend on the 
situation. But some of  us might benefit 
from taking a few more risks every 
now and again.”

I can’t help thinking I am one of 
those people. Alas, it would appear 
that having fully developed frontal 
lobes, a few decades of  experience 
and a finely tuned insula does more 
than just help us make more informed 
choices. It can also make our decision-
making a bit too automatic. It can lead 
to us doubting our own self-efficacy, 
even in areas where we have ample 
skills and ability. And, perhaps, all 
that brain maturity will result in us 
going home with less — money, love, 
fun, know-how, whatever it is we 
value — because we can’t muster up 
the same kind of  motivation to try new 
things that we could when we were 
adolescents.  D
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Albuquerque, N.M., where the Sandia 
Mountains rise from the Rio Grande 
Valley, a red door marks the entrance to 
an underground chamber carved into 
the mountainside. The door, just uphill 
from the Albuquerque Seismological 
Laboratory, leads into a cave that looks 
like the villain’s lair in a James Bond 

film: the uneven stone walls painted white, an array of shiny 
instruments strewn about. Some are embedded in the floor; 
boxes of other devices sit stacked on a metal table, ready 
to dispatch to hot spots throughout the world. These are 
the geologic stethoscopes seismologists use to detect the 
planet’s shakes and tremors.

“Our equipment has really evolved,” says seismologist 
David Wilson, who oversees the Albuquerque lab. “It’s pretty 

high-tech now.” So much so that last year, Ukraine was wary 
of installing the instruments for fear that “we’re not just 
recording earthquakes — that we’re keeping tabs on them 
somehow,” he says.

These instruments are part of the Global Seismological 
Network, an international system of earthquake sensors. The 
network is the world’s ear to the ground, designed to pick 
up at least some of the more than 500,000 earthquakes that 
occur each year. The lab, which consists of the Albuquerque 
facility and a monitoring center in Golden, Colo., oversees 
about 200 stations in 80 countries.

Natural hazard forecasting is a complex science, but 
whether the target is an earthquake, landslide, hurricane, 
tornado or flood, the goal is simple: to figure out where 
and when the next one will hit. Researchers analyze a 
mind-warping array of data that constantly stream from 
the sky, ocean and earth, captured by everything from 
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satellites to drones. The advent of Doppler radar in the 
1950s gave meteorologists new powers to “read” the air and 
transformed how they forecast tornadoes and hurricanes. 
Today, better simulation models and instruments and new 
research into geophysical and atmospheric dynamics are 
ushering in a new era of natural hazard forecasting.

“The advances have been tremendous,” says Roger 
Edwards, a forecaster with the National Weather Service, 
who has tracked both tornados and hurricanes. “They’ve 
saved thousands and thousands of lives over the years.”

They come none too soon. As the global population grows, 
far more people are concentrated in at-risk areas than at any 
time in Earth’s history.

“Today, not only are more people in harm’s way than 
there were 50 years ago, but building in flood plains, 
earthquake zones and other high-risk areas has increased 
the likelihood that a routine natural hazard will become a 

major catastrophe,” warns a 2015 report from the Centre for 
Research on the Epidemiology of Disasters (CRED), which 
maintains an international disaster database. Between 1994 
and 2013, over 6,870 natural disasters claimed nearly 
1.4 million lives, according to the report. Death rates from 
natural disasters rose over that period, reaching an average of 
more than 99,700 deaths per year, the study found.

Every area of forecasting has its blind spots, and it 
will probably never be a perfect science, given the sheer 
complexity of the geosphere. Researchers still don’t fully 
understand the small but important shifts in storm dynamics 
that trigger a tornado or hurricane, for instance, and 
they can’t forecast a hurricane’s intensity. But aided by 
ever-improving prediction tools and fresh insights into the 
workings of Earth’s moving parts, natural hazard scientists 
are closer than ever to demystifying some of the most 
complex, destructive forces on the planet. 
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ADVANCES: Recent updates to the Global 
Seismographic Network give seismologists 
a clearer read on activity below Earth’s 
surface. Instruments placed directly on 
a fault provide real-time monitoring; in 
some places, such as Los Angeles, they’re 
just a few meters apart.

“There have been incredible advances 
in the development of instruments and 
the deployment of instruments on active 
fault zones, which has enabled a very 
fine-grained, high-resolution study of 
where earthquakes occur,” says Arthur 
Lerner-Lam, deputy director of Columbia 

University’s Lamont-Doherty Earth 
Observatory. 

Scientists now have a much better 
understanding of the entire earthquake 
cycle, he adds: “The earth relaxing 
afterward, the strain building up again — 
that whole sequence is being torn apart 
by new instruments.”

CHALLENGES: Instrumentation may have 
advanced, but there are still dead zones, 
such as the ocean floor. Developing sensors 
that can beam back data from the deep 
sea in real time has proved difficult, says 

Wilson, of the Albuquerque Seismological 
Laboratory. 

And where scientists do closely track 
seismic activity, they can’t pinpoint exactly 
when an earthquake will happen. That 
blind spot became all too clear with the 
magnitude 7.0 earthquake that wrenched 
Haiti in 2010, killing between 230,000 and 

EARTHQUAKES
Earthquakes are the deadliest of natural disasters. Between 1994 and 2013, temblors 
killed almost 750,000 people — more than all other disasters put together. (That 
includes fatalities from tsunamis caused by undersea earthquakes.) Seismologists have 
made great strides in understanding earthquake dynamics and monitoring Earth’s 
trembles, but they still have much to learn.

WHAT CAUSES THEM: Where tectonic plates meet deep in the earth, they scrape 
against one another, causing friction and triggering upheaval at the surface. 

Divergent Convergent Transform

THE GLOBAL SEISMOGRAPHIC NETWORK

PLATE BOUNDARIES

The Albuquerque Seismological Laboratory operates the Global Seismographic Network’s 150 monitoring stations spread over 80 countries. The 
sensor network is so sensitive that it can even detect Earth’s response to the motions of the sun and moon. And this level of precision allows 
geologists all over the world to keep an eye on our planet’s vibrations, informing cutting-edge research and earthquake monitoring. 

There are three main types 
of tectonic plate boundaries: 
divergent (spreading), convergent 
(colliding) and transform (sliding 
alongside). Diffuse boundaries are 
broad deformation zones that aren’t 
well-defined. Earthquakes occur 
along transform boundary faults.
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The largest 
earthquake ever 

recorded by seismic 
instruments was a 

magnitude 9.5 quake 
that shook Chile on 

May 22, 1960. It killed 
4,000 people.

LANDSLIDES

ADVANCES: Landslides are 
among the least understood 
of all natural hazards. 
Researchers are studying the 
site of the Oso landslide to 
determine how it happened 
and use that information 
to identify other at-risk 
areas. Computer models 
and landslide simulators — 
chutelike contraptions into 
which scientists unleash 
torrents of mud, water and 
debris — are yielding new 
clues about the complex 
factors that contribute to 
slope collapse.

CHALLENGES: Uncertainties about landslide dynamics aside, there’s little 
information on which areas are most vulnerable to slides. Landslide hazard maps 
cover only about 1 percent of the world’s slopes, according to a recent study led 
by Fausto Guzzetti, a geologist with the Research Institute for Geo-Hydrological 
Protection in Perugia, Italy. But new remote-sensing techniques and improved 
analysis should help fill in those blank spots on the map, the study notes. 

Landslides play a key role in shaping landscapes over time, but they can be 
deadly. A landslide in Oso, Wash., in March 2014 killed 43 people, making it 
the deadliest in U.S. history. While they tend to cause less damage than other 
natural hazards because of their relatively smaller reach, landslides occur in 
an instant, with little opportunity for people to get out of harm’s way.

WHAT CAUSES THEM: Landslides strike when the rock or soil on a slope 
weakens to the point where it can no longer resist gravity’s pull. They can be 
triggered by rainfall, erosion or other natural disturbances, such as earthquakes 
and volcanoes. 

316,000 people. (Death tolls vary.) 
But by studying previous quakes, 

seismologists can calculate the probability 
of a future earthquake in the same area. 
For instance, scientists with the U.S. 
Geological Survey figure a 63 percent 
chance of a major earthquake rocking the 
San Francisco Bay Area in the next 30 years. 

Researchers also still don’t fully 
understand the forces that cause 
earthquakes, most notably what causes 
tectonic plates to move. One of the most 
surprising insights from the latest body of 
seismic research is that earthquakes can 
happen in the unlikeliest of places, far 
from a fault zone. The reasons are not yet 
clear, says Lerner-Lam. 

In New Zealand, scientists are exploring 
why some faults are more prone to 
earthquakes than others by studying rocks 
extracted from deep within the wildly 
dynamic Alpine fault — the system that 
formed the mountains in the backdrop of 
The Lord of the Rings movies. That fault, 
which rocks and rolls approximately every 
three centuries, has about a 28 percent 
chance of quaking in the next 50 years or so. 

Researchers at India’s Amrita University use a landslide 
simulator to help design early warning systems. 

Hundreds of thousands of people died in Haiti’s 
2010 earthquake. Port-au-Prince, shown here, 
was among the hardest hit regions. 

Officials were criticized for calling the landslide in Oso, Wash., “unforeseen” when it was 
revealed that weeks of rain had fallen on a slope with over 50 years of known activity. 
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ADVANCES: Since volcano monitoring 
began a century ago, scientists have made 
significant strides in understanding volcanic 
behavior, especially in recent years. That’s 
largely because of advances in seismic 
sensing and new ways to detect volcanic 
activity, such as infrasound, which involves 
listening to seismic waves emanating 
into the atmosphere. Jeff Johnson, a 
volcanologist at Boise State University in 
Idaho, is using this method to help read 
activity at the Villarrica volcano in Chile.

“It’s yelling at the top of its lungs, 
with a tone that you and I can’t hear,” 
he explains. “It’s got this infrasound it 
produces all the time.” He had placed 
special microphones around the vent to 
study how changes in its “voice” related to 
changes in the lava lake within the volcano. 
But the experiment was interrupted when 
Villarrica uncorked in the early hours of 
March 3, 2014. About 3,000 people in 
neighboring towns were evacuated.

“I think what we saw at Villarrica is really 
eye-opening,” Johnson says. “We knew the 
volcano was in a state of heightened unrest 
and the dangers were much more elevated, 
but no one expected things to get out of 
hand so quickly. Each volcano has its own 
characteristic style. Learning each particular 

volcano and learning to understand the 
signals of that particular system is vital.”

In this case, Johnson theorizes that a 
buildup of gases destabilized the volcano, 
reinforcing the need to monitor multiple 
phenomena at once, including seismic 
activity, gas flow and heat. “I think enough 
lava was close to the edge that it sloshed 
over the rim, and it exposed more gas-
charged regions down deeper,” he says.

CHALLENGES: While researchers have 
studied some volcanic fields for decades, 
others, such as one beneath Auckland, New 
Zealand, are poorly understood. Monitoring 
every volcano near populated areas is a tall 
order, and there’s no global monitoring 
system like there is for earthquakes. 

”We haven’t really organized that 
well within the volcano community,” 
Johnson says. “It’s a bit shameful. A lot 
of observatories are a little possessive of 
their volcano.”

Of those that are monitored, 62 
volcanoes are deemed high risk because of 
their proximity to large numbers of people 
and recent activity. Indonesia, the site of 
the biggest eruption ever recorded — 
Mount Tambora in 1815 — is most at risk, 
with about 78 historically active volcanoes.

VOLCANOES
People have lived in the shadow of volcanoes for thousands of years, drawn by their 
rich soils and picturesque slopes. Today, 800 million people live within 100 kilometers, 
or about 62 miles, of a volcano. At any given time, a dozen or more volcanoes 
are in an active state, ranging from minor gas-and-ash plumes to lava flows.

WHAT CAUSES THEM: When magma — molten rock — rises through a vent in Earth’s 
surface, it is exposed to air. As a result, gas bubbles form, causing pressure to build until 
the gases and magma are discharged, slowly building a mountain. 

Boise State University geologist Jeff Johnson gathers data over the edge of the inner crater of 
Villarrica, an active volcano in Chile. He uses special microphones to study changes in a volcano’s 
“voice” in hopes of better understanding its behavior. 



September 2016  DISCOVER  55

TH
IS

 P
AG

E:
 S

U
TA

N
TA

 A
DI

TY
A

A towering ash cloud erupts 
from Mount Sinabung in 
Indonesia on Oct. 8, 2014.
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ADVANCES: Tornado prediction requires 
complex computer modeling that can take 
into account the small shifts in storms that 
can send one whirling into a tornado. But 
the data going into the model are limited. 
For instance, typical weather stations, 
which measure wind speeds, temperature 
and humidity, can be far apart and only 
cover so much territory.

Scientists with the University of 
Massachusetts Amherst Engineering 
Research Center for Collaborative Adaptive 
Sensing of the Atmosphere came up with 
an innovative solution: Why not install 
dense networks of small radar devices on 
rooftops and towers? Since they’re closer 
to the ground, these networks, which are 

still in the trial stage, can pick up 
weather shifts that other systems miss.

With distributed radar added to 
meteorologists’ toolbox, the average 
16-minute warning time for a tornado 
could improve significantly.

CHALLENGES: Scientists have more data 
and better models, but the best forecasts 
still rely on getting that info to the public 
in a way that compels action. Many people 
don’t know the difference between a 
watch — where a tornado is possible — 
and a warning — where one is on the 
ground. Forecasters must now balance 
data overload with communicating threats 
across many platforms. 

TORNADOES
On May 20, 2013, a massive twister ripped through Moore, Okla., killing 24 people 
and shredding 13,000 homes, schools, farms and businesses. It was one of more than 
80 tornadoes in the state that year, and its swift blow was a cruel reminder of the 
difficulty of forecasting tornadoes, which form very quickly.

WHAT CAUSES THEM: Tornadoes occur when huge thunderstorms known as 
supercells are turbocharged with churning columns of air. When winds high and low in 
the column blow at different speeds, they create wind shear, causing the mass of air to 
spin. If the column is snagged in a supercell updraft, funnel-shaped clouds form.

Engineers make their final inspections 
on a radar device ahead of installation 
in tornado country near Fort Worth, Texas. 

A stunning tornado and 
its dusty funnel cloud move 
through Wray, Colo., in May. 
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ADVANCES: Meteorologists can now forecast a hurricane two to 
six days out, giving communities more time to evacuate. One of the 
biggest advances in recent years is the Coyote drone, a 7-pound 
unmanned aerial vehicle packed with sensors and a GPS device. 
Dropped from a plane, it slowly descends through the core of a 
storm, transmitting real-time data to the National Oceanic and 
Atmospheric Administration’s Hurricane Research Division. These 
data will help scientists figure out what’s going on in the center of a 
forming hurricane, which is poorly understood.

CHALLENGES: Forecasting where hurricanes will hit has improved, 
but meteorologists still can’t predict intensity with any real 
certainty. 

HURRICANES
Midwesterners can breathe a tornado-sized sigh of relief as 
twister season comes to an end, but that’s when Atlantic coastal 
communities brace for peak hurricane season, which lasts 
midsummer through late fall. Hurricanes are already among the 
most damaging natural hazards, but as global temperatures rise, 
they’re expected to become more intense.

WHAT CAUSES THEM: Hurricanes are ocean-bred storms with 
sustained wind speeds over 65 knots (about 74 mph). 

The word 
hurricane is derived 
from the Mayan word 

huracan and the 
Taino word huraken, 
a terrible God of evil. 

Spanish explorers 
brought it west.

Katrina’s eyewall is seen 
from a Hurricane Hunter 
plane (left). NOAA’s 
Joe Cione (below) 
holds a Coyote drone, 
which his team deploys 
into storms from aircraft 
like the one behind him.

Nineteen named storms 
hit the U.S. in 2010. Twelve 
of them became hurricanes, 
tying for the third most active 
recorded season.
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ADVANCES: Meteorologists can now 
detect precipitation changes at a smaller 
scale, making it much easier to forecast 
flash floods, says Jonathan Gourley, a 
research hydrologist at the National Severe 
Storms Laboratory in Norman, Okla.

Rainfall estimates generated by 
the Multi-Radar Multi-Sensor (MRMS) 
system are plugged into a system called 
FLASH, which pairs the MRMS estimates 
with information about soil type and 
vegetation. The system models where the 
water will go and produces updates every 
few minutes — a key advantage given that 
some areas can flood very quickly.

Gourley says, “I take the rainfall rates 
the radar is measuring in the sky, and take 
it down to the surface and measure what 
every raindrop is doing on the ground,” 
whether it meanders through the soil or 
flows across impervious roads and parking 
lots and into storm drains and waterways.

This new system — the first to model 
flash floods in real time — is expected to 

graduate from demo to full operation 
soon. When put to the test during a 
storm in Houston in May 2015, the 
system demonstrated its worth. “The 
model highlighted the [at-risk] areas 
very well, six hours prior to the onset of 
the flooding,” Gourley says. It provided 
more accurate information and more lead 
time than traditional systems that rely on 
hypothetical forecasts based on things like 
the flood history of the area, he adds.

One of the most challenging types 
of flooding to forecast is the influx of 
water from storm surges. Alan Blumberg 
at the Stevens Institute of Technology in 
New Jersey is developing an integrated 
forecasting system built on the idea 
that many forecasts are better than 
one. Rather than relying solely on the 
National Weather Service’s reports, his 
system combines regional forecasts from 
meteorologists around the world.

“I’ll go to my colleagues at Penn State 
and Rutgers, others who do forecasting, 
and run those in my model,” he says. “So 
now I have 125 forecasts. We’re working 
on how to blend all 125.”

In a six-year, $7 million effort, the 
Stevens Institute is also developing 
technology that can predict how storm 
surge flooding will affect any given 
street. Researchers there are working 
with Google to develop a tool that 
allows people to access that street-level 
information. “I want to have a picture 
of how much water is coming into 
your house,” Blumberg says, “and you 
can decide what you want to do.”

CHALLENGES: Despite advances in 
flood forecasting, scientists still can’t join 
coastal and inland data to stitch together 
a big-picture assessment of a region, 
says Gourley. “We don’t have a system 
to handle inland flooding and coastal 
storms,” he says. “So if you get a coupled 
effect, that’s not modeled by anything  
we have.”

The National Weather Service tried to 
develop just such a holistic system, called 
CI Flow, which attempted to combine 
hydrological data from river basins with 
coastal storm surge models, but the data 
load proved too much for the agency’s 
computing capacity. The National Weather 
Service has been in discussions with the 

National Ocean Service to get the program 
going again, Gourley says. “I think it will be 
reinvigorated in the next couple of years.”

The European Centre for Medium-Range 
Weather Forecasts, which has better 
computer power and more sophisticated 
modeling than the U.S., shows the 
difference more processing power can 
make. The center knew of Superstorm 
Sandy’s impending approach before the 
U.S. did. “When Sandy was coming up the 
coast, they predicted it seven days ahead — 
the general path — compared to our five 
days,” Blumberg says. “We can learn a lot 
from the European Centre.”

But it seems unlikely that forecasters will 
ever outsmart Mother Nature completely, 
Blumberg says. “The atmosphere is 
chaotic.”  D

April Reese is an associate editor of Discover. 

FLOODS
It’s one of the most common and costly natural hazards: The majority of disasters 
between 1994 and 2013 were floods, and they affected nearly 2.5 billion people. In one 
recent incident last winter, flooding in the Mississippi River watershed killed roughly 
two dozen people and caused widespread power outages.

WHAT CAUSES THEM: Rivers swollen by heavy rains, rising sea levels or storm surges 
that push seawater into coastal areas.

The FLASH system (opposite 
page, below) predicted this 
St. Louis area intersection would 
see heavy flooding in late 2015.

Waterlogged cars fill a flooded street in 
Hoboken, N.J., during Superstorm Sandy in 
2012. The powerful storm swamped New York’s 
subway system and destroyed many homes. 
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Colored triangles (above) show stream flow rates in the Eastern 
United States. Yellow is slow, and purple is high. Zooming in on 
the St. Louis area (right, inside the rectangle), a cluster of purple 
triangles predicts flood conditions for the next day.



A light micrograph 
image of a section 
of a human 
ovarian follicle. 
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BANKING 
ON HOPE

Young women diagnosed 
with cancer face yet another 

challenge: infertility. Experimental 
cryoresearch could restore their 

chance at motherhood. 

Tucked away in a brick warehouse complex in St. Paul, Minn., frozen in liquid nitrogen, 

sits Abby Bott’s left ovary. Bott was only a college senior when doctors diagnosed 

her with Stage III colorectal cancer in 2009. They told her she needed aggressive 

chemotherapy and radiation to kill the cancer cells in her softball-sized tumor. 

However, the lifesaving regimen would also strike Bott’s ovaries. She had always 

wanted children, yet if she survived her cancer, she would likely be infertile.

A cancer diagnosis is “one of the most existential crises you can imagine,” says 

Teresa Woodruff, a reproductive scientist at Northwestern University. Given advances 

in treatments, cancer isn’t necessarily a death sentence: 80 percent of children and 

adolescents diagnosed with cancer survive five years or more. But while chemotherapy 

and radiation are associated with temporary changes, such as hair loss and tissue 

swelling, the treatments can have an unseen, permanent effect: infertility due to 

irreparably damaged sperm or egg cells. 

This intersection of oncology and fertility, known as oncofertility, has interested 

BY KATHERINE KORNEI
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She had found her calling: providing 
cancer patients, particularly young 
girls and women like Bott, with fertility 
preservation options. Thus began 
what would become the Oncofertility 
Consortium. 

Male fertility preservation is 
straightforward and immediate: Sperm 
donation and subsequent freezing, 
called cryopreservation, has been a 
widespread practice since the 1970s. 
For women, though, the process is 
more limited and more complicated. 
First, the female must be old enough 
to have mature eggs, called oocytes. 
These oocytes are available only in 
limited quantities at certain times 
of  her monthly cycle, and must be 
surgically retrieved. The extracted 
oocytes can then be cryopreserved 
for later use or combined with sperm 
in a laboratory to create embryos via 
in vitro fertilization. 

Researchers have been cryopreserving 
embryos for several decades and 
cryopreserving oocytes in the past 
several years, but some female 
cancer patients lack these options. 
Pre-pubertal girls can’t yet biologically 
produce mature oocytes, and some 
sexually mature women, such as Bott, 
have aggressive cancers that must be 
treated immediately. “I definitely didn’t 
have the [few weeks] to go through 
the preparation of  all the hormones 
[for oocyte extraction],” Bott says. 
Instead, she’d need to preserve 
not her oocytes, but the tissues 
that produce them. And Woodruff 
and colleagues are pioneering an 
experimental procedure to do just 
this, allowing these girls and women 
with the fewest options for preserving 
their fertility to bank on the hope of 
becoming biological mothers.

A MILLION TO ZERO
Infant girls are born with two ovaries 
each containing about 1 million 

follicles, cell clusters in which single 
oocytes are nurtured and matured. 
These follicles naturally die over 
time: A girl entering puberty has only 
about 20 percent of  the follicles she 
was born with. Once a female reaches 
sexual maturity, her body’s hormones 
stimulate a monthly cycle in which 
about 400 follicles die and roughly 20 

follicles begin to mature. But during 
that cycle, only one dominant follicle 
matures completely to release the 
oocyte contained within it. “We still 
don’t really understand why one follicle 
begins the process of  development,” 
Woodruff  says. Ultimately, “We start 
with a million, and we end with zero,” 
she says. 

Woodruff since the early 2000s, when she was the director of basic research at Northwestern’s Robert H. Lurie 

Comprehensive Cancer Center. “I started asking folks about the effects of their cancer drugs on fertility,” she 

says. That’s when she realized that while young male patients were being offered the option of sperm banking, 

young female patients were being told to focus on surviving their disease because there were no such options 

for them. “A lot of the work we were doing in our lab could turn around this disparity,” Woodruff says.

Abby Bott, who now lives and works in the Washington, D.C., area, was diagnosed with Stage III 
colorectal cancer in 2009. To protect her chances of having biological children after aggressive 
chemotherapy, she had her left ovary removed and cryopreserved. 
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From birth until menopause, 
women possess immature follicles 
that can be harvested at any time 
and cryopreserved. If  these follicles 
can then be thawed and reliably 
matured later, the oocytes can be 
extracted and combined with sperm 
to create embryos and, eventually, 
babies. However, stopping and 
restarting a woman’s biological clock 
is experimental science. Early work 
by the Oncofertility Consortium 
showed that the freezing and thawing 
processes, for example, are apt to 
damage the particularly delicate 

cellular structure of  ovarian tissue 
and render the tissue unusable. 

When the field of  oncofertility 
research started heating up, several 
teams, including Woodruff ’s group, 
recognized the need to pool their 
expertise. In 2007, the group was 
officially named the Oncofertility 
Consortium, and, with funding from 
the National Institutes of  Health, it 
brought the field together.

By 2009 the consortium was 
well-established, and Bott’s nurse 
practitioner let her know that 
cryopreservation was an option. 

About two weeks after she received 
her diagnosis, Bott lay on an operating 
table at Northwestern Memorial 
Hospital to have her left ovary 
removed. “I knew that this procedure 
was experimental at the time,” Bott 
explains. “But it was my only option.”

FREEZING FOR THE FUTURE
The Oregon National Primate 
Research Center (ONPRC), nestled 
next to a new housing development 
on the outskirts of  Portland, might at 
first glance be mistaken for a suburban 
park with its large cedar trees, 

The Ethics of Oncofertility
Cancer and fertility are intensely personal subjects that 
require people to make ethical decisions. Oncofertility 
is no different.

Laurie Zoloth, a professor of religious studies and a 
member of the faculty of bioethics and humanities at 
Northwestern University, has advised the Oncofertility 
Consortium since its inception. “Teresa [Woodruff] was 
interested from the very beginning about ethics questions,” 
Zoloth says. “For her, the questions of ethics were just 
as important, fascinating and complex as the scientific 
questions.”

Part of Zoloth’s work concerns the complexities of deciding 
who should be permitted to preserve ovarian tissue — 
solely cancer patients, individuals with less life-threatening 
diseases or anyone who wishes to do so. She considers issues 
of justice and accessibility, because, as she wrote in the 

American Journal of Bioethics, while “cancer and infertility 
are conditions that afflict all women equally and traverse 
class, race and ethnic lines, social and economic distinctions 
generally determine health care access.” 

Zoloth is also concerned about expanding the definition 
of “family” beyond biology, and she and other Oncofertility 
Consortium investigators have explored the issue of 
adoption. “People want babies that match them genetically,” 
she says. “But what about adoption? Are people willing to 
take in children that have no families?” At any given time, 
there are roughly 500,000 children in American foster care. 
“That’s a scandal,” Zoloth says. And women who survive 
cancer are often ineligible to adopt children because 
agencies shy away from that lifetime risk of reoccurrence. 
Oncofertility Consortium team members have worked to 
convince adoption agencies that women who survive cancer, 
like Bott, should be allowed to adopt children. — K.K.

Teresa Woodruff, the Oncofertility Consortium’s director, instructs health professionals during her Oncofertility Summer Academy at Northwestern 
University. Northwestern and other institutions contribute to the consortium, which studies how to preserve the reproductive tissues of cancer survivors.
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walkways and picnic benches. I enter 
the reflective glass doors of  building 
No. 601 to pick up my visitor’s badge 
and wait for Mary Zelinski. 

Zelinski is a research associate 
professor in the ONPRC’s Division 
of  Reproductive and Developmental 
Sciences and a member of  the 
Oncofertility Consortium. For the past 
seven years, she and her team have 
been studying how to cryopreserve and 
thaw primate ovarian tissue that is then 
transplanted back into the monkeys 
or cultured in the lab to mature its 
oocytes. “We use rhesus monkeys 
as a model for women because their 
reproductive cycles are identical to 
those of  human females,” she says. In 
her office, framed pictures of  monkey 
infants share space with books on 
reproductive biology and fertility. She 
hands me scrubs, sanitary shoe covers 
and gloves. “Let’s go to the lab.” 

It’s nearly 90 degrees inside the 
lab, a long, narrow room lined with a 
bench of  microscopes on one side and 
incubators on the other. Zelinski raises 
a petri dish holding what looks like a 
swollen pink seashell, no larger than a 
fingernail. It’s an ovary from a sexually 
mature monkey. Zelinski uses a blade 
to slice off  thin, translucent pieces of 
the ovary to expose the cortex, the 

tissue that contains all the follicles. 
She places a slice of  the cortex under a 
microscope and adjusts the focus and 
magnification until the follicles and the 
oocytes are visible. 

A cancer patient like Bott who saves 
her ovarian tissue may wish to use it 
months or even years later. And since 
cryopreservation is vital to stopping 
all cellular reactions in the tissue, 
Zelinski and her team first had to 
develop methods for reliably freezing 
the delicate tissues. They added ethylene 
glycol and glycerol, which function like 
antifreeze, to the ovarian tissue samples 
to prevent cell-damaging ice crystals 
from forming. The tissue was then 
placed in liquid nitrogen, commonly 
used in cryopreservation, for long-term 
storage. “It freezes everything; it stops 
everything,” Zelinski says. 

But successful freezing is only one 
part of  the battle. For it to be useful, 
cryopreserved ovarian tissue must thaw 
in a way that maintains its original 
cellular structure and function. 
Zelinski and her colleagues have found 
they can reliably thaw ovarian tissue 
by placing it in a series of  solutions 
with lower concentrations of  sucrose, 
a medical-grade table sugar. These 
solutions slowly and delicately draw 
out the antifreeze-like chemicals 

without damaging the cells. “It took us 
a good three years to figure out these 
protocols,” Zelinski says.

ONPRC researchers also have been 
investigating two ways of  maturing 
follicles from cryopreserved, thawed 
tissue: transplanting strips of  ovarian 
tissue back into a monkey’s body, 
or growing the tissue in vitro by 
encapsulating individual follicles in a 
biomaterial that mimics an ovary. 

In the first case, the scientists 
suture small pieces of  ovarian tissue 
into a live monkey in places where 
there is ample blood flow — such 
as under the skin near the abdomen 
or arms — which promotes healthy 
follicle development. Ovarian tissue 
transplanted to these easily accessible 
locations lets researchers harvest 
mature eggs using just a needle 
as opposed to surgery. (Why not 
transplant onto the remaining ovary? 
Zelinski and her team are ultimately 
targeting the patient populations 
whose ovaries have atrophied due to 
radiation and chemotherapy.)

They’ve shown in work with 
monkeys that follicles in transplanted 
tissue resume their natural patterns of 
maturation within about three months. 

Once the mature oocytes are 
extracted and combined with sperm 

The Pioneering Procedure

4 When a patient is ready to use her 
tissue, the antifreeze-like solutions 
are drawn out of the strips. Next, 
follicles are matured to produce 
oocytes in one of two ways: The 
tissue is sutured into the patient’s 
body in a place with ample blood 

flow, such as on a remaining ovary, 
within abdominal folds or under the 

skin of an arm; or individual immature 
follicles are extracted from the tissue 

and suspended in alginate, a biomaterial 
derived from brown algae. The follicles 

receive nutrients and hormones every few days. 

3 Strips are exposed to 
ethylene glycol and glycerol, 
which act like antifreeze 
to prevent the formation of 
ice crystals and slow down any 
cellular reactions. The tissue is stored in 
liquid nitrogen at minus 321 degrees 

Fahrenheit (minus 196 degrees Celsius) 
for months or years.

5 Mature oocytes are 
extracted from the mature 
follicles and combined 
with sperm through in vitro 
fertilization. The embryo is placed 
into the patient’s uterus or a 
surrogate. 

Preserving a woman’s reproductive 
tissues would involve multiple, 
complicated steps:

1 Laparoscopic surgery 
removes an ovary. 

2 Tissue strips are cut from the 
outside of the ovary, which contains 
the highest density of oocyte-
containing follicles.
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in the laboratory, any resulting 
embryos are placed back 
into the monkey’s uterus. In 
2003, this technique helped 
Zelinski’s team achieve the first 
live monkey birth using fresh 
(non-frozen) ovarian tissue that 
had been transplanted near a 
monkey’s abdomen. 

Since then, at least 23 women 
have become mothers using ovarian 
tissue that was cryopreserved, thawed 
and transplanted. In one of  those 
cases, a 27-year-old woman in Belgium 
gave birth in 2014 after receiving 
a transplantation of  her ovarian 
tissue she had cryopreserved during 
childhood. She was the first “really 
young patient who came back so many 
years later to try for a pregnancy,” 
Zelinski says. 

Now, Zelinski is studying 
how individual follicles can be 
matured outside a patient’s body. 
This procedure is notably more 
challenging than suturing ovarian 
tissue onto existing live tissue, but 
it addresses a critical medical need: 
Ovarian tissue can harbor cancer 
cells, particularly if  the patient has a 
blood-borne cancer such as leukemia 
or lymphoma. Reimplanting the tissue 
may reintroduce malignant cells. By 
maturing follicles in vitro, researchers 
can ensure patients don’t receive 
potentially cancerous tissue. 

When Oncofertility Consortium 
scientists first attempted to mature 
primate follicles — which are 
naturally three-dimensional — in 
two-dimensional petri dishes, the 
follicles flattened out and their oocytes 
collapsed and died. Seeing these 
discouraging results, Woodruff  and 
colleague Lonnie Shea, a materials 
scientist, suggested suspending 
individual immature follicles in tiny 
beads of  alginate, a substance derived 

from brown algae and commonly 
used as an ice cream thickener. 
By encapsulating the follicles in the 
alginate and providing the growing 
cells with precise mixtures of  nutrients 
and hormones, researchers at the 
ONPRC and elsewhere have been able 
to mimic the ovary’s natural structure 
in the laboratory. Zelinski and her 
team have successfully matured 
follicles in alginate and are working 
to achieve a live primate birth using 
those oocytes. 

LIFE, WITH OPTIONS
Bott had her cancerous tumor removed 
in March 2010 and then went through 
both chemotherapy and radiation. She 
was declared to be in remission, and 
she graduated from the University of 
Illinois at Urbana-Champaign that 
year with a degree in psychology. 
However, in 2012 Bott’s doctors 
thought her cancer had returned, and 
she started treatment again. In 2014, 
Bott opted to have her uterus and 
remaining ovary removed to prevent 
potential recurrence. 

The 29-year-old is now healthy and 
has started working again. Her ovarian 
tissue is still frozen in liquid nitrogen 
in St. Paul, waiting for science to catch 
up. “I’m really glad that the tissue is 
there,” Bott says. “The fact that I have 
options makes a world of  difference.”  D

Katherine Kornei is a freelance science writer 

based in Portland, Ore.

Major Moments  
in Assisted Human 
Reproduction
Infertility is as old as humankind, 
as is the use of herbs, remedies 
or rituals claimed to treat it. But 
the modern era of science-driven 
assisted human reproduction is less 
than a century old.

1953 First baby born using 
frozen sperm.

1978 Baby born via 
in vitro fertilization.

1980 Birth from a 
legal surrogate mother in 
America.

1984 Birth using a 
donated oocyte.

1984 Baby born 
as a result of a frozen 
embryo.

1990 Tests of “assisted hatching,” 
a technique to help embryos attach 
to the uterine wall.

1992 Case of 
intracytoplasmic sperm 
injection, in which a 
single selected sperm is 
injected directly into an 
oocyte.

2003 Monkey birth from fresh, 
non-cryopreserved ovarian tissue.

2004 Human birth from 
cryopreserved ovarian tissue. 

2015 “Stem-cell baby” born 
from an oocyte with mitochondria 
boosted using ovarian stem cells.

2016 Researchers find 
that when sperm 
enzymes fertilize 
the egg, there is a 
burst of naturally 
occurring zinc. These 
zinc “sparks” are 
brighter for healthier eggs, 
which could lead to more effective 
fertilization techniques. 

A technician places ovarian tissue strips 
into a vial of preserving solution (left). 
The vial is then stored for safekeeping 
in a cryogenic tank (below).



2 SIZES!

877-201-5117
BurnCage.com

TOLL-FREE

BURN SAFELY

BurnCage™

PERFECT FOR:
• Sensitive fi nancial documents 
•  All burnable household waste*
• Old leaves and branches

No more UNSAFE and UNSIGHTLY rusty barrel!

92
89

5X
 ©

 2
01

6

STAINLESS STEEL CONSTRUCTION 
is lightweight, durable, and portable 
(it folds for easy storage).
PERFORATED LID and sidewalls maximize 
airfl ow and trap embers.
1600° 
TEMPERATURES 
mean more 
thorough burning 
with less ash.

Call for FREE Information Kit
and Factory Direct Coupon!

with the 
Stainless Steel

* Always check local 
ordinances before burning.



68  DISCOVERMAGAZINE.COM

experiment. He and his colleagues 
understand where they went wrong 
two years ago and are now conducting 
follow-up observations for signs of 
gravitational waves from the Big Bang, 
produced some 13.8 billion years ago. 
(These are different gravitational waves 
from the ones detected this year by the 
Laser Interferometer Gravitational-
Wave Observatory, which originated 
from the mergers of black holes).

“Our telescopes have continued to 
take data at an ever-increasing rate 
and sensitivity,” Kovac says, “and the 
uncertainties have continued to narrow.” 

→Stories about science often 
suggest a process of  steady 

advancement — a direct path from 
hypothesis to revelation. Yet it 
rarely happens that way. The road 
to progress is typically strewn with 
false starts, wrong turns and other 
miscues — as a group of  astronomers 
and physicists known as the BICEP2 
collaboration recently found out.

In March 2014, they announced to 
the world that their small telescope 
at the South Pole had uncovered 
possible signs of gravitational waves 
produced within a trillionth of a 
trillionth of a trillionth of a second of 
the Big Bang — potentially opening a 

window into a new regime of physics. 
The tentative findings garnered 
international headlines. But later that 
year, new data showed that the signal 
they’d seen was primarily due to 
dust in our galaxy rather than 
to gravitational waves from the 
cosmic dawn.

The experience was 
disappointing for the team 
behind BICEP (Background 
Imaging of Cosmic 
Extragalactic Polarization). But 
ultimately “the scientific process 
has worked,” claims John Kovac 
of the Harvard-Smithsonian Center 
for Astrophysics (CfA), who led the 

Revisiting Primordial 
Gravity Waves 
Once again, astronomers may be close to unraveling 
one of the universe’s oldest mysteries. And this time, 
they’ve learned from their mistakes. BY STEVE NADIS
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In 2014, researchers thought they had found 
evidence of gravity waves created immediately 
after the Big Bang, resulting in this swirling 
“B-mode” pattern of light. It later turned out 
to be galactic dust.

Southern lights 
at the South Pole, 
where the South 
Pole Telescope, 
an upgraded 
BICEP, the Martin 
A. Pomerantz 
Observatory and 
the Keck Array all 
hunt for primordial 
gravitational waves.

Out 
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This is the telltale signature 
of inflation that astronomers 
now seek — and that they had 
thought, initially, they’d found 
two years ago.

The measurement, however, 
is extremely challenging: 
Investigators look for tiny 
variations in the CMB, 
on the order of 1 part per 
100,000. Our views of the 
Big Bang’s vestigial light, 
moreover, are obscured by 
sources from our own galaxy: 
the aforementioned dust 
and so-called synchrotron 
emissions from cosmic rays.

Astronomers need to 
map out these “foreground” 
sources in excruciating detail 
to separate them from useful 
signals. The BICEP group’s 
current strategy is to employ 
multiple telescopes tuned 
to various frequencies of 
light — in this case 95, 150, 
215 and 231 GHz — whereas 
the BICEP2 results unveiled 

in 2014 were based on measurements 
at just one frequency, 150 GHz. “By 
measuring at different frequencies, 
you can see what gets brighter at 
higher frequencies [dust] and what 
gets dimmer at lower frequencies 
[synchrotron radiation],” explains 
Kovac. “What stays uniform is the 
CMB itself.”

Today’s enhanced BICEP search uses 
five additional linked telescopes, each 
comparable to BICEP2, located at the 
Keck Array a couple of hundred yards 
away. The telescopes continuously 
move back and forth over the same 
small patch of sky, looking for 
minute deviations from average. More 
detectors means more data, which, 
in turn, leads to a greater ability to 
discern subtle patterns.

The BICEP and neighboring SPT 
projects benefit from sharing the 
same building and a common view. 
Both telescopes focus on the same 

The competition is heating 
up, too, with parallel searches 
underway at the South Pole 
Telescope (SPT) next door 
to BICEP, plus a host of 
observatories in Chile. Plans 
to extend the search into 
the Northern Hemisphere 
are also proceeding. “We 
know what is needed to 
make progress,” Kovac adds. 
“People are excited, perhaps 
more so than ever.”

We’re on the verge of a new 
era in physics and cosmology 
once again — but this time, 
the excitement is tempered 
with a sense of humility and 
a demand for heightened, 
unassailable rigor.

SEARCHING DAWN’S 
EARLY LIGHT
The cosmic microwave 
background (CMB) consists 
of residual light from the 
Big Bang that permeates 
all space. The photons 
comprising this almost-uniform 
radiation background are the universe’s 
oldest, having journeyed nonstop for 
nearly 14 billion years.

The CMB is a powerful way to study 
the cosmos, and astronomers have 
scrutinized it with steadily mounting 
precision ever since its discovery a 
half-century ago. The results have been 
consistent with “cosmic inflation,” a 
1979 theory positing that the universe 
underwent a brief period of explosive 
growth in its earliest moments after 
the Big Bang. This violent expansion 
supplied the driving force behind the 
Big Bang, laying the foundation for the 
galaxies and other celestial structures 
we see today.

But scientists want proof. Theorists 
predict that the inflationary burst would 
have unleashed gravitational waves 
that would, in turn, leave an imprint in 
the CMB’s light taking the form of a 
faint, swirling pattern called B-modes. 

We’re on the verge of a 
new era in physics and 
cosmology once again 

— but this time, the 
excitement is tempered 
with a sense of humility. 

Above: Harvard astrophysicist John Kovac 
assembles two of the five Keck Array detectors 
in the Pomerantz Observatory at Amundsen-
Scott South Pole Station. Below: Researchers 
install a detector in the Keck Array. 

Out
There
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small region of sky, making it easier 
to compare results. Because the SPT 
is much bigger than the BICEP2 
telescope — 10 meters in diameter 
versus about a quarter-meter — it is 
better at rooting out signals unrelated 
to gravitational waves. The BICEP 
team can use this information to 
subtract the foreground and home in 
on their main quarry, 
primordial B-modes.

The SPT will see an 
upgrade from 1,600 
to 16,000 detectors 
later this year, and its 
data will complement 
that from the BICEP 
and Keck arrays. 
“Pooling our results 
makes both searches 
more powerful,” says 
University of Chicago 
astrophysicist John 
Carlstrom, who heads 
the SPT effort.

A FRESH PERSPECTIVE 
As in real estate, location is all-
important in astronomy. Most experts 
regard the South Pole as the world’s 
best spot for ground-based CMB 
observations. The extraordinary cold 
makes the atmosphere the world’s 
driest, and hence easiest to see through. 
But since the BICEP and SPT teams 
target just 1 percent of the sky, other 
vantage points could help confirm an 
inflationary B-mode sighting.

“The lesson we learned from BICEP2 
is that if you claim a primordial B-mode 
detection from one patch of the sky, 
you need to look at another patch of 
sky,” says Meng Su, an astrophysicist 
at MIT and the CfA. “If you get 
the same result from two different 
patches, two different telescopes, and 
two different foregrounds, then it’s 
much more convincing.” While this 
approach is standard in astronomy, 
new facilities capable of performing 
such a cross-check are just starting to 
become available.

To this end, several telescopes are 
scouring the CMB from lofty perches in 
the Chilean Andes. That’s a good start, 
but the ultimate goal — full global 
coverage — will require Northern 
Hemisphere telescopes, too. Su is 
pushing for a new CMB observatory 
in the high Himalayan plateaus of 
Tibet (at elevations of 16,000 to 20,000 
feet). Astronomers are also exploring 
the possibility of a CMB facility at 
Greenland’s Summit Station, located 
atop a 10,000-foot-high ice sheet.

Full-sky coverage is a priority, 
explains Johns Hopkins University 
theorist Marc Kamionkowski, “because 
if  we see a gravity wave signal from the 
South Pole, we should be able to see it 
in all directions, from anywhere on the 
globe that affords us a clear window.”

The SPT’s Carlstrom, meanwhile, is 
actively promoting the so-called “Stage 

IV” experiment. This 
U.S.-led initiative aims 
to coordinate global 
efforts and drastically 
boost the sensitivity of 
the best ground-based 
telescopes in Antarctica 
and Chile by installing 
up to 500,000 detectors 
in total, distributed 
among the different sites 
and at planned future 
sites. The goal, short of 
an outright discovery, 
is to set tighter limits 
on the strength of the 
gravitational wave 

signal. If Stage IV plans succeed, 
Carlstrom says, astronomers will either 
see gravitational waves within a decade 
or realize inflation might be more 
complex than initially thought.

Kamionkowski is elated that we are 
now “within striking distance” of an 
actual primordial gravitational wave 
sighting. The precision measurements 
will tell us a lot about inflation itself  
— a theory of what “set the Big Bang 
in motion,” as he puts it. And we 
might soon learn what set inflation in 
motion in the first place. “By narrowing 
the range of inflation models so 
dramatically,” Kamionkowski says, 
“maybe in the coming years we’ll have 
an answer to that question.” It would 
be one of the biggest cosmological 
triumphs of all time — and presumably, 
this time the results will stick.  D

Steve Nadis, a contributing editor to Discover 

and Astronomy, is co-author of From the Great 

Wall to the Great Collider. He plays handball 

in Cambridge, Mass., where he also lives.

Top: Fermilab scientists inspect light detectors 
destined for the upgraded South Pole 
Telescope. Middle: The last rays of sunlight 
cast a glow on the South Pole Telescope 
(right) and BICEP3. Above: Research images 
show the elusive B-mode signal (at left), 
only after subtracting the significant 
noise of background galaxies (right). 
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1 You may associate ancient wine with the toga-
wearing set, but by the time Romans were quaffing it, 
the beverage was itself ancient: 7,000-year-old pottery 
from sites in Iran’s Zagros Mountains tested positive 
for residues specific to grapes. 2 A couple of hundred 
miles north, archaeologists have found numerous 
artifacts near the Armenian village of Areni that 
point to organized wine production as early as 
4000 B.C. 3 Winemaking may go back so far because 
it’s so easy: Smash some grapes and let the juice mix 
with yeasts naturally present on the skins for a few 
days. Voila! Paleowine. 4 A big difference between 
domesticated wine grapes and their wild ancestors 
is pollination. Wild grapes are dioecious; plants are 

male or female. Domesticated 
grapes are usually self-
pollinating hermaphrodites, 
which improves trait consis-
tency. 5 Lovers of today’s 
oaky chardonnays and bold 
cabernets would be surprised 
if they sipped a vintage 5000 

B.C. A paper from 2008 suggests the earliest wines 
were prized for their sweetness. 6 Sweet or dry, while 
most dictionaries define wine as fermented fruit juice, 
others, as well as the European Union, limit the term 

to products derived only from grapes. 7 And 
the EU has some clout in the wine world: In 
2015, more than 60 percent of wine produced 
globally was made in an EU-member state. 
8 Grapes are the go-to wine fruit because 
they contain the right proportions of water, 
tannins, sugar and acids for yeast to multiply 
and for sugar to break down into alcohol and 
carbon dioxide. 9 Wines made from other 
fruits typically contain added sugar and other 
ingredients for flavor and to balance out the 
fermentation process. 10 The Vikings once 
called North America “Vinland” for the 

bounty of wild grapes they spotted, but varieties 
native to our shores aren’t the best for making wine 
due to a “foxy,” or earthy, taste. 11 Even Thomas 
Jefferson, a viticulture enthusiast, couldn’t bottle an 
American vintage from his vineyards. He didn’t fare 
much better at cultivating European grapes there 
either, given their susceptibility to black rot and the 

insect phylloxera, a relative of the aphid. 12 About 
phylloxera: It turns out those “foxy” American 
grapes were resistant to the destructive critters. In the 
mid-19th century, grafts of American grape species 
salvaged Europe’s vineyards during the Great Wine 
Blight, a devastating phylloxera outbreak centered in 
France that affected much of the continent. 13 Before 
you pop a cork to celebrate North America saving the 
day, note that phylloxera arrived in Europe via New 
World imports in the first place. Oops. 14 Phylloxera 
is bad for wine, but wine is good for us, right? Not so 
fast. Headlines proclaiming a glass of red wine is as 
good for you as an hour at the gym were based on a 
2012 study observing the effects of just one compound 
in red wine — resveratrol — on rats, not humans. 
15 In fact, a 2013 study of men aged 60 and up found 
resveratrol seemed to diminish many of exercise’s 
positive effects. Participants working out and taking 
resveratrol supplements saw fewer improvements in 
blood pressure and oxygen uptake than those just 
working out. 16 While red wine gets most of the study 
spotlight, an analysis of more than 38,000 health pro-
fessionals found it was no better than beer or spirits at 
reducing heart attack risk in moderate consumption. 
17 Whether it’s good for us or not, wine may be in for 
rough times. In February, researchers sequencing the 
genomes of commercial yeast, used in most wine pro-
duction, announced that inbreeding has created low 
genetic diversity. That makes it harder for a species 
to adapt to novel pathogens. 18 Climate change also 
poses a threat to wine. A 2006 study estimated that 
rising temperatures would shrink top-quality wine-
growing regions in the U.S. up to 81 percent by 2100. 
19 Even if vineyards relocate northward in search of 
cooler climes, increased precipitation in areas like the 
Pacific Northwest could make crops more susceptible 
to fungus and rot. 20 It’s not all bad news, though. 
Critics of the more pessimistic models note that there’s 
no accounting for adaptation. We’ve been making 
wine for thousands of years, adjusting to different 
terrains and climates. Our descendants will almost 
certainly be enjoying vino for millennia to come. And 
we’ll drink to that.  D

Senior Editor Gemma Tarlach enjoys a fine New Zealand 

sauv blanc whether or not it’s good for her.
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20 Things    You Didn’t Know About …20 Things  

Since the days 
of antiquity, from 
Greece to Rome, 
vinophiles have 
touted the alleged 
health benefits 
of wine. Scientific 
evidence to back 
those claims is less 
certain.

Phylloxera, scourge 
of the vineyard.
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4    Handcrafted Chianti 

 “Soooo smooth and easy to drink. I love it!”

   Double-Gold California Zin

6     Gold-Medal Bordeaux

“Super wine … delightful to sip all night.”

7    Southern Italian Blockbuster 

 “Fantastic velvety texture … instant favorite!”

9    90-Point Portuguese Discovery 

 “Rich, lively, fruity, deep … extraordinary!”

10    Gold-Medal Côtes-du-Rhône

 “Love this red – earthy and beautiful.”

11    Superstar Italian Red

 “Melt in your mouth smooth.”

12     Francis Ford Coppola Cab 

“Wonderful, rich wine. Big surprise.”

8    Top-Estate Argentine Malbec 

 “Magnificent … I will buy this again and again.”

3    Mature Spanish Gran Reserva

 “Complex and very, very good.”

2    Gold-Medal California Cabernet 

 “A truly enjoyable red that delights the senses.”

1    Acclaimed Argentine Malbec

 “Fabulous! My wife and I loved it.”
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and applicable tax). Better still, there’s free Riedel® glassware too. 
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specialists like Argentina’s Opi Sadler, who’s won almost every Malbec trophy going. 
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Cabernet is another star of today’s exclusive Top 12.

Taste the quality yourself. Then, let us send you an exciting new dozen every three 
months. We’ll make it easy for you to tell us what you like, so that every bottle is just 
right. There are no obligations and each case is just $149.99, saving you at least 20%. 
Plus, every wine comes with expert tasting notes and our money-back guarantee.

Scroll down our Top 12 at right and decide which bottle you’ll open fi rst.

SAVE
$120

TOP 12

Plus BONUS GIFT
2 Riedel Crystal Glasses $29.50 value

We’ll also send you two complimentary 
crystal Cabernet/Merlot glasses from 
Riedel – the No. 1 name in glassware.

“Love this big, juicy Zin … never disappoints.”5  
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Computer Science Concepts 
and Python Exercises
Taught by Professor John Keyser
TEXAS A&M UNIVERSITY

LECTURE TITLES

1. What Is Programming? Why Python?

2. Variables: Operations and Input/Output

3. Conditionals and Boolean Expressions

4. Basic Program Development and Testing

5. Loops and Iterations

6. Files and Strings

7. Operations with Lists

8. Top-Down Design of a Data Analysis Program

9. Functions and Abstraction

10. Parameter Passing, Scope, and Mutable Data 

11. Error Types, Systematic Debugging, Exceptions

12. Python Standard Library, Modules, Packages

13. Game Design with Functions

14. Bottom-Up Design, Turtle Graphics, Robotics
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24. Parallel Computing Is Here

SAVE $190
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Unlock the Power of 
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Learning a new language opens a wealth of opportunities. But there’s 
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of computer programming. Programming is a fun, creative, and 
eminently learnable skill that gives you unrivaled problem-solving 
power you can apply in the digital realm and the physical world. 

These 24 engaging and information-rich half-hour lessons use one of 
the world’s most popular computer languages, Python, as a gateway 
to the universe of programming. Taught by Professor John Keyser of 
the Department of Computer Science and Engineering at Texas A&M 
University, one of the top-ranked computer science programs in the 
country, this course assumes no prior background in computer science, 
and is so clear, carefully paced, and comprehensive that it will appeal to 
both novice and experienced programmers.
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