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DIDN'T KNOW ABOUT ... Galaxies
Observed by humans since we first thought 
to look up at the night sky, the Milky Way  
is just the starting point for this intergalactic 
road trip. BY KATHERINE KORNEI FR
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Stephen C. George, EDITOR IN CHIEF

Best Job Ever?

Editor's Note
®

SCIENCE FOR THE CURIOUS

When I was a kid, my school found itself  without a 
teacher for our U.S. History class and brought in a 
substitute — I’ll call him Mr. C — for the first two weeks 
of the year. When he introduced himself, Mr. C confessed 
that he was not really a teacher of history, but of historical 
science. Specifically, he was a paleontologist, a term most 
of us hadn’t heard before. For the next two weeks, though, 
our history class became a pre-history class as we got a 
crash course in Mr. C’s field of study. 

Each day was something new as he brought in photos 
from digs he’d been on, passed around dinosaur teeth 
from his personal fossil collection and educated us on the 
different geologic eras and periods. It never seemed to 
occur to him to stick to the prescribed curriculum. And if  
our classes didn’t have anything to do with the American 
Revolution or the travails of the Founding Fathers, 
believe me, no one complained — at least not until Mr. C 
announced that he was off  to join a dig in Utah. The next 
Monday, the school hired a permanent replacement and 
it was back to the confines of colonial America for us, an 
infinitesimal blip in history compared to the much, much 
bigger picture Mr. C had all too briefly shown us. 

I don’t know what fluke of staffing put Mr. C in my 
class, and I never did see the man again, but he remained 
large in my imagination. I had a weakness for cool-sound-
ing jobs and often pictured myself  in a variety of different 
careers: rocket scientist, brain surgeon, FBI profiler. But 
after those two weeks with Mr. C, paleontologist went to 
the top of the list. 

Alas, I never pursued any of those professions, but I 
never quite discarded that mental list of cool jobs either. 
In fact, this month I added a new one: planetary protec-
tion officer. How would you like to have that on your 
résumé? Well, it’s a real job, the title currently held by 
NASA’s Catharine Conley, and you can read all about her 
work in this issue’s Out There column (page 56). 

What cool science job would you choose, if  you could 
pick any one? And if  you already have the coolest science 
job, what do you love about it? Shoot me an email at 
editorial@discovermagazine.com and tell me all about it. 

That goes double for Mr. C, if  he’s reading this. I’d 
really like to know how that dig in Utah went.
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Sound Off
Don’t be shy about sharing your opinions, whether via letter, email or our 
social media communities. Here’s what you’ve been telling us lately.

concept with quite a bit of 
success over the years.

J.C. Surplus
Richmond, KY

The first day of my assign-
ment as a Peace Corps 
volunteer at an elementary 
school in the Philippines 
was scheduled to start with 
the children singing the 
Philippine national anthem,  
a rather long and difficult 
song. I braced myself for 
the usual off-key singing so 
common in the U.S. Instead, 
the kids sang a sweet, 
perfectly in tune, rhythmically 
flawless rendition with good 
Tagalog diction. The fact 
that they were clearly bored 
made their achievement 
even greater: They weren’t 
even trying hard. Filipino 
children, at least in my area 
of the country, were exposed 
to singing and expected to 

sing from a 
very early 
age — it was 
a singing 
culture. 

My sisters 
and I grew up 
with singing 
parents, and 
sang with 
them from 
early childhood 
onward. Even well 
before we could talk, 
my mother, a professional 
singer, would lean over our 
cradles and intone simple 
pitches. We would imitate 
her. Our parents treated 
singing the way most parents 
treat talking: They constantly 
modeled it when we were 
most ready to learn, and thus 
we learned quickly and well.

For people who say that 
they cannot sing, there is 
sometimes another factor at 

work, like when someone — a 
parent or a teacher — says 
something like, “You cannot 
sing, just stand in the back.” 
With discouragement like 
that (which would never 
happen in the Philippines 
or in my own childhood), 
no wonder some people 
say they cannot sing. If we 
discouraged children from 
talking and did not expose 
them to talking, how well 
would they learn to talk?

Al Bradford
Silver Spring, MD

I was a member of our high 
school choir and sang in 
church choirs for years until 
my husband and daughter 
told me I sang flat. Since I 
don’t think I always sang 
flat, I’ve wondered if  my 
increasing tinnitus caused 
me to begin flattening the 
pitch I hear. For the benefit 
of others, I gave up singing 
in choirs.

Margaret Hayes
Ludington, MI

Notes of Response
The July/August Mind Over 
Matter column, “Singing in 
the Brain,” discussed findings 
suggesting that poor singers’ 
brains associate a note they 
hear with the wrong muscle 
movement in their voices.  
The article inspired a chorus  
of reactions from singers and 
voice teachers.

I question the technique for 
non-singers described in the 
article. I taught music theory 
to college students, and every 
year there were students who, 
while marvelous performers 
on an instrument, simply 
could not sing. The technique 
described in the article for 
non-singers is self-defeating. 
If a subject can’t match 
pitch, why have him or her 
try to match pitch? Why not 
start with a note the student/
subject can sing? I have used 
a method based on that 

TO
P:

 JA
Y 

SM
IT

H.
 B

OT
TO

M
: A

LI
SO

N
 M

AC
KE

Y/
DI

SC
O

VE
R

We asked you: Should patients be 
given experimental Ebola drugs?

READER 
RESPONSE

“If they’re dying, they 
may not be able to 
choose. If they cannot do 
so, give them the drug 
and apologize after.”

— Jim L.“Just because 
they are 
patients, they 
[should] not 
be considered 
guinea pigs!”

— @srkmurthy36

“If they really think it 
will help. If you think 
about it, what do they 
have to lose? That stuff 
is a death sentence.” 

— Nynva T.

No
8%

Yes
 92%

 Inbox
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Google+
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I am curious if  similar 
neurological rules apply 
to visual acuity, or lack 
thereof. While I can see in 
my mind’s eye what objects 
look like, which allows 
me to communicate visual 
ideas, I cannot draw them 
in proper perspective or 
with nuance. Since I draw 
about as well as I sing, I’m 
wondering what area of  
my brain is to blame for  
that deficiency?

Sue Finley
Lakewood, OH

Crust Confusion  
Corrected
The diagram “Piercing the 
Skin” was part of “Journeys 
to the Center of the Earth” 
in the July/August 2014 issue.

I had a question about  
the diagram on page 36.  
To the right of the title  
is a description of the  
Kola hole drilled by the  
Russians, which says,  
“Soviet scientists spent 
decades just trying to reach 
the core-mantle boundary.” 
Did the Russians really 
think they might drill to  
the core-mantle interface,  
or was “core” supposed  
to be “crust”?

Filson Glanz
Durham, NH

From the editors:
We checked our sources and 
verified with author Tim Folger, 
and you’re correct, Filson!  
The diagram should have 
referred to the “crust-mantle 
boundary,” not the “core-
mantle boundary.” Thanks for 
pointing out our error.TI
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Discover readers want articles about . . .
• Giganthopithecus and its reputed descendent, the  

modern-day Sasquatch
• The endocrine fat disorder Lipedema
• Déjà vu
• What autoimmune diseases really are
• Any credible testing proving or disproving the existence  

of chakras
• Mock interviews with the characters from The Big Bang 

Theory and comic book science whizzes like Lex Luthor  
or Tony Stark

• Dissociative identity disorder
• Why some children are born with two gender body parts
• Déjà vu
• A comparison of images of Mars and the Martian landscape 

over the years since we first began studying it
• The latest information on celiac disease
• More on particle physics
• The new battery being made from salt and wood
• Déjà vu

To see all the brilliant runners-up, go to 
DiscoverMagazine.com/Catpics

STOCKING UP ON 
STORY SUGGESTIONS 
Every week brings a steady stream of story ideas and topic 
suggestions to the Discover inbox. So what do readers 
want us to write and print articles about? Check out the 
list below.

Cats are awesome. They’re Roomba pilots. 
They’re keyboard players. And they pretty 
much rule the Internet, one Maru video at  
a time.

But we wanted to see a different side of 
your pet — a sciencey side. We asked you 
to submit a pic that captured your cat’s love 
of science. And boy, did you ever!

It was hard to pick just one winner, 
but Tiffany Tilton’s photo of Champy the 
Siamese inspecting some microscopic kitty 
treats won us over. Congrats, Tiffany! 

PHOTO CONTEST:
Cats Do Science

P.S. When we let Sue know that 
her email would appear on the 
Inbox page, her response made us 
all laugh! We had to share: “Our 
neighbors have recently developed 
a penchant for karaoke, so I made 
and distributed multiple copies of 
‘Singing in the Brain’ just so they 
would know how, at times, their 
perceived vocal ability didn't align 
with our listener's reality!”

PHOTO
CONTEST
WINNER
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We’ve all had nights when we just can’t lie down in bed and 
sleep, whether it’s from heartburn, cardiac problems, hip or 
back aches – it could be a variety of reasons. Those are the 
nights we’d give anything for a comfortable chair to sleep 
in, one that reclines to exactly the right degree, raises feet 
and legs to precisely the desired level, supports the head 
and shoulders properly, operates easily even in the dead of 
night, and sends a hopeful sleeper right off to dreamland.

Our Perfect Sleep Chair® is just the chair to do it all. 
It’s a chair, true – the finest of lift chairs – but this chair 
is so much more! It’s designed to provide total comfort 

and relaxation not found 
in other chairs. It can’t be 
beat for comfortable,  
long-term sitting, TV 
viewing, relaxed reclining 
and – yes! – peaceful 

sleep. Our chair’s recline 
technology allows 

you to pause 
the chair in an 

infinite number of 
positions, including 
the Trendelenburg 
position and the 

zero gravity  position 
where your body 

experiences a minimum 
of internal and external 

stresses. You’ll love the other 
benefits, too: It helps with correct 

spinal alignment, promotes back pressure relief, and 
encourages better posture to prevent back and muscle pain. 

And there’s more! The overstuffed, oversized biscuit style 
back and unique seat design will cradle you in comfort.  
Generously filled, wide armrests provide enhanced arm 
support when sitting or reclining. The high and low heat 
settings along with the dozens of massage settings, can 
provide a soothing relaxation you might get at a spa – just 
imagine getting all that in a lift chair! Weight capacity 
375 lbs. Shipping charge includes white glove delivery. 
Professionals will deliver the chair to the exact spot in 
your home where you want it, unpack it, inspect it, test 
it, position it, and even carry the packaging away! Includes 
one year service warranty and your choice of fabrics and 
colors – Call now!

“To you, it’s the perfect lift  chair. To me, 
it’s the best sleep chair I’ve ever had.”  

                          — J. Fitzgerald, VA

Remote Controls for Heat, Massage, Recline and Lift

Separate
Heat and
Massage
Controls!

Sit up, lie down — 
and anywhere 
in between!

This lift chair 
puts you safely 
on your feet!

The Perfect Sleep Chair®   
Call now toll free for our lowest price.

Please mention code 59048 when ordering.

1-888-621-9968

46
36

6
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DuraLux II 
Microfi ber
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Long Lasting 
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THE COLOR OF GRAVITY
This illustration may look like a topographical map, but it’s not. The colors reveal gravitational variations on the massive 
Schrödinger crater near the moon’s south pole. NASA scientists combined data from two space-faring sources — the 
Gravity Recovery and Interior Laboratory and the Lunar Reconnaissance Orbiter’s laser altimeter — to establish a 
correlation between higher elevation and stronger gravitational pull. Elevated structures have more mass, causing 
stronger gravitational pulls and warmer colors on the map. Straying from the norm, Schrödinger’s flat center shows a 
green highlight in an otherwise uniform blue area. NASA research scientist Sander Goossens says this indicates a con- 
centration of denser matter beneath the crater. — ERNIE MASTROIANNI; IMAGE BY NASA SCIENTIFIC VISUALIZATION STUDIO IMAGES
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Human eyeballs aren’t the best detectors of faint and 
distant astronomical objects. That’s why we made telescopes, 
which use lenses or mirrors to gather and focus light, revealing 
the details of faraway planets, stars and galaxies. A bevy of 
cutting-edge telescopes is poised to capture the universe’s 
photons using mirrors up to 10 million times as large as a per-
son’s pupil. Our knowledge of planetary, stellar and galactic 
systems will likely be rewritten by these telescopes, which will 
have exquisite resolution and a variety of instruments to record 
light at different wavelengths. To get a sense of what will be in 
store, let’s compare some of these upcoming scopes — and their 
diameters — with a few of their revolutionary forebears.

JAMES WEBB  
SPACE TELESCOPE 

Beyond the moon, 2018 (est.) 

The telescope’s 18 gold-coated 
mirror segments will allow 
astronomers to search for the 
universe’s oldest galaxies, 
observe the formation of stars 
and measure the physical and 
chemical properties of plane-
tary systems. The telescope will 
launch in an Ariane 5 rocket 
to reach its orbit 1.5 million 
kilometers from Earth.

6.5
meters

HUBBLE SPACE  
TELESCOPE 

Low-Earth orbit, 1990

The Hubble Space Telescope, 
orbiting 570 kilometers above 
Earth’s atmosphere, has peered 
deep into space to witness the 
formation of new planets, the 
evolution of galaxies and the 
age of the universe. Hubble’s 
cameras and instruments are 
sensitive to ultraviolet–infra-
red light, and the observatory 
gathers about 120 gigabytes of 
science data each week.

2.4
meters

NEWTON’S TELESCOPE 

England, 1672

Telescopes that rely on glass lenses, such as 
Galileo’s designs, focus the light of various colors 
differently, creating a blurred image. In 1672, 
Isaac Newton showed England’s Royal Society 
a telescope of his own design. Instead of using 
lenses, his telescope used mirrors, which avoided 
the blurring problem. Newton’s engineering 
paved the way for modern research telescopes, 
which all rely on mirrors to focus light.

0.037
meters

0.03
meters

GALILEO’S TELESCOPE 

Italy, 1609

A device for “seeing faraway things as though nearby” first 
emerged in 1608 in the Netherlands and quickly spread to 
France and Italy, where Galileo Galilei turned one toward the 
sky. Galileo’s telescope allowed the Italian scientist to see 
craters on the moon, as well as the four largest satellites of 
Jupiter and spots moving across the face of the sun.

CITIZEN SCIENCE ALERT Go big time with 
remote access to professional telescopes. Learn 
more: DiscoverMagazine.com/Observe

KILLER APERTURES
BY KATHERINE KORNEI 
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THIRTY METER TELESCOPE 

Hawaii, 2021 (est.)

With instruments capturing ultraviolet, optical and 
infrared light, the combined collecting area of the 
telescope’s 492 mirror segments will be more than 
two orders of magnitude larger than Hubble’s. That 
means the Thirty Meter Telescope will be able to detect 
objects too dim for Hubble, leading to detailed ob-
servations of the earliest stars and how these objects 
influenced the universe’s evolution.

EUROPEAN EXTREMELY  
LARGE TELESCOPE 

Chile, early 2020s (est.)

The world’s largest optical/near-infrared telescope will 
be built on a 3,000-meter peak in the Atacama Desert 
of northern Chile. The scope’s light-collecting capac-
ity — made possible with almost 800 mirror segments 
just 50 millimeters thick — will allowastronomers to 
detect Earth-like planets around other stars, measure 
the properties of the universe’s first stars and galaxies, 
and probe the nature of dark matter and dark energy. 

GIANT MAGELLAN TELESCOPE (GMT) 

Chile, 2021 (est.)

The American, Korean and Australian partners involved 
with the GMT will take advantage of the telescope’s 
Southern Hemisphere location to study the otherwise 
hidden Large and Small Magellanic Clouds — two of 
the Milky Way’s nearest neighbor galaxies — and the 
black hole in the center of our galaxy.

W. M. KECK TELESCOPES 

Hawaii, 1994 and 1996

The twin scopes on the summit of Mauna Kea 
(pictured) are the most scientifically productive 
telescopes on Earth. They have studied comets’ 
volatile organic compounds, planets orbiting 
other stars and the black holes in the Milky Way 
and other galaxies. Their adaptive optics technol-
ogy cancels out minute distortions to light caused 
by the Earth’s atmosphere, making its ground-
based vision crisper even than Hubble’s.

30
meters

24.5
meters

10
meters

39
meters
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QI apologize if this question 
sounds slightly prurient: 

What is the evolutionary purpose 
of the human hymen, and do 
any other female mammals have 
such a membrane?

— Joel Gottlieb, Toronto, Canada

ATough question — the 
hymen befuddles evolution-

ary biologists to this day.
First, the facts: The hymen 

is a thin membrane, typically 
crescent-shaped, that stretches 
across some or all of  the vaginal 
opening. Besides human females, 
African elephants have hymens, 
and, reportedly, so do other 
mammal lasses from rats to 
whales. In elephants, the hymen 
breaks only when females give 
birth. In humans, though, the 
hymen can tear from vigorous 
physical exercise, but it has 
been most closely associated 
with tearing during first sexual 
intercourse. Accordingly, many 
cultures construe an intact hymen 
as a guarantor of  virginity.

One evolutionary hypothesis 
suggests the hymen arose because 
it was a desirable trait, due to the 
common societal preference for 
virgin wives. But that explanation 
fails for other species. 

Instead, some scientists specu-
late that the hymen helps keep 
bacteria out of  the vagina. Such 
infection prevention might give 
hymen-equipped female animals 
a survival and reproductive edge. 
But the scientific jury is still  
out.  ADAM HADHAZY

Visit DiscoverMagazine.com/Ask 
for more answers. To submit a 
question, send an email to 
Ask@DiscoverMagazine.com.

Ask DiscoverIt Took a Village
Early female hominids may have cooperated to help rear their young.

Mommy groups may be a thing of the past — literally. Researchers now contend that 
early Homo species probably collectively raised their offspring within female care networks.

As these early Homo species evolved, mothers birthed bigger, more dependent babies 
that they couldn’t raise alone. By analyzing existing research, Adrian Bell of the Univer-
sity of Utah, Katie Hinde of Harvard and Lesley Newson of the University of California, 
Davis, developed an alternative hypothesis to explain how those females managed. 

“[We] were suspicious of the idea of mother staying home with the kid while dad 
brought back food because no other monogamous mammal has evolved such a parent-
ing arrangement,” Newson says.

Their “cooperative mothers” hypothesis suggests that parental care and nursing re-
sponsibilities shared by a group, or alloparenting, provided a highly adaptive strategy. 
Their study contradicts the idea that pair bonding (think Adam and Eve) represents 
the most primal social arrangement. Likewise, another popular origins trope, “Man 
the Hunter,” depicts evolution as driven by an early dietary shift and a dependence 
on males for precious meat, implying that women mated only with males who were 
successful hunters. Instead, these researchers say cooperative mother networks, along 
with more indirect help from males, propelled this evolution. Alloparenting also al-
lowed mothers extra time to gather food and even hunt. 

So it seems these females played a key role in the foundation of humanity, and all by 
banding together.  HILLARY WATERMAN

New research suggests early Homo mothers 
may have turned to other females to help 
share the burden of raising increasingly 
dependent offspring.

CRUXTHE
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Stinking to High Heaven
It’s official: Some beliefs stink. Researchers have found that revulsion activates the brain’s harm-avoidance 
center, invoking notions of cleanliness and moral purity as a primal mechanism for avoiding disease. 
In a small study, people exposed to the smell of butyric acid, the putrid-smelling essence of vomit, 
subsequently expressed dramatically more conservative attitudes about premarital sex, pornography 
and religion — including increased belief in Biblical truth — than those who sniffed an odorless 
concoction. The topic of same-sex marriage proved especially repugnant to those who had been 
subjected to the stench.  HILLARY WATERMAN

CATSHARKS IN WAITING
These transparent eggs, known colloquially as mermaids’ purses, hold embryonic small-spotted catsharks, or Scyliorhinus canicula. The eggs, 
about 2 to 3 inches long, rest in a tank at the Aquário Vasco da Gama near Lisbon, Portugal. When the fish hatch, they’ll be 3 inches long, 
and they will eventually grow up to about 3 feet. According to the Florida Museum of Natural History, scientists use this common species 
as a marine version of a lab rat to research hormones, blood and organs. — ERNIE MASTROIANNI; PHOTO BY ANA FILIPA SCARPA

QU ICK H I T

CITIZEN SCIENCE ALERT Have you experienced a change in your sense of smell? Submit a story 
and help researchers understand odor perception: DiscoverMagazine.com/Smell
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Since gray wolves were reintroduced to  
Yellowstone National Park in the mid-1990s, they 
have been very successful — perhaps too suc-
cessful. Fattened on elk, the wolves multiplied and 
ranged beyond the park boundaries, where they 
are less welcome.

Today about 80 wolves in 10 packs live primarily 
within the park, while 400 others roam in sur-
rounding portions of Idaho, Montana and Wyoming 
— states that permit wolf hunting. If a wolf leaves the 
safety of Yellowstone and is shot by a hunter, it’s perfectly 
legal. More troubling is the illegal, undocumented take by 
poachers. National Park Service biologist Doug Smith esti-
mates that poachers kill up to 10 percent of the population 
in the greater Yellowstone area each year. 

To study wolf behavior, Smith immobilizes the animals 
with a tranquilizer dart shot from a ground-hugging 
helicopter and then attaches radio collars. The operations 
are done in the winter, when snow slows down the wolves 
and there’s less risk of their overheating. Smith has darted 
almost 300 wolves over the years, but one stands out in his 
mind: the ferocious female known as No. 692.

Close Encounter 
of the Canine 
Wolves are tough to study, and even  
tougher to protect.

I N H IS OW N WOR DS

The door’s off. I’m in a harness, and my 
feet are on the skids. If  it’s around zero, 
your hands go quick. I wear skin-tight 
gloves under mitts. I throw the mitts 
aside, load the dart and we’re going in. 

What was unique about 692 was that 

she came at us with an abnormal amount 
of spite and vengeance. The first time, in 
2009, she ran trying to escape, and when 
she realized she couldn’t, she attacked. 
I’ve never had a female attack the 
helicopter. You want to shoot a dart into 

their butt. But she ran at us several times. 
I can’t shoot a wolf  in the face. After she 
was darted, as we slid by, she jumped, her 
mouth open with all her teeth.

But her collar quit, and the next winter 
we had to do it again. This time, she 
knew what was up and came right for us. 
She jumped off  the ground. My feet are 
braced on the skid, and I see her jaws just 
miss my feet. The pilot goes “Whoa!” 
and pops the machine up 10 feet or 
so. She’s facing us, feet apart, snarling. 
That’s a one-out-of-a-hundred wolf.

She was a very independent-minded 
female. She didn’t pair up with a male. 
I’d track her, and she’d be 100 percent 
alone. I have photos of her up on a ridge, 
lying in a snowbank, kicking back.

She was shot by a poacher on Nov. 5, 
2011, outside the park near Gardiner  
[in Montana]. The collar was still on.  
It was a valuable research animal. We 
lost some interesting behavior that we 
hadn’t seen before. It didn’t have to be 
that way.  AS TOLD TO JEFF WHEELWRIGHT

Smith perches on the skid 
of a low-flying helicopter 
as he prepares to shoot 
a sedative dart into wolf 
No. 780M in 2011. 

Biologist Doug Smith holds sedated wolf No. 892M in Yellowstone National Park in 
2012 after darting it from a helicopter then placing a tracking collar around its neck. 
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Are You a Narcissist? (I Am!)
You’re vain, egotistical and self-obsessed. Do you have a delusional personality disorder, or 
are you just annoying? To perform a clinical self-evaluation, simply ask yourself the follow-
ing question:

To what extent do you agree with the statement, “I am a narcissist”? 
That question provides as accurate an answer as the standard 40-question test, according to a study in 

the journal PLOS ONE. Narcissists readily admit they’re “great and special people who should be admired 
and respected” because, well, obviously it’s true.  SARAH SCOLES

QU ICK H I T

EARTH POWER
An immense plume of ash rises nearly 60,000 feet above Mount Tavurvur, a stratovolcano in eastern Papua New Guinea, on Aug. 29. Photogra-
pher Joyce Lessimanuaja Bluett captured the early morning blast from her home in Kokopo, about a dozen miles away. The eruption spread ash 
across a wide swath of eastern New Britain island, as seen in these before-and-after satellite photos taken April 27 and Sept. 2. Gray ash is 
clearly visible over otherwise green forest. Several villages were evacuated, water service was disrupted and airlines diverted flights from the 
area. Favorable winds that day spared Kokopo. Bluett also witnessed the much larger 1994 eruption of Mount Tavurvur and neighboring Mount 
Vulcan, which destroyed nearly all of the port town of Rabaul, where she lived at the time. “It was very scary back then as the earthquake was 
severe two to three days before it finally erupted,” she says. “We lost everything.” — ERNIE MASTROIANNI; PHOTO BY JOYCE LESSIMANUAJA BLUETT
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Acoustic Armor
A sonic shield’s nonstop noise could safely drive flocks from crops.

Farmers aren’t much better than scarecrows when it comes 
to protecting harvests from pesky birds: Avian interlopers 
cost the United States roughly $1.9 billion each year in crop 
losses and damage control. Now researchers have landed on a 
potential solution that uses speakers to send out a directional 
buzzing noise — a sonic shield — to keep feathered pests away 
from farm fields as well as tall buildings.

Since birds vocalize to alert each other to predators and 
food sources, biologists John Swaddle and Ghazi Mahjoub and 
acoustician Mark Hinders of the College of William & Mary 
hypothesized that interrupting the conversa-
tions would increase birds’ vigilance, leaving 
less time for loitering and dining. Indeed, 
in tests at the college aviaries, food patches 
subjected to eight hours of the so-called 
sonic net saw a 46 percent drop in bird 
presence compared with control groups. It 
proved to be a more lasting and safer deter-
rent than other tactics, such as high-tech 
pyrotechnics and poisons.

Tests are ongoing at Virginia agricultural 
fields and airports, with plans to test the 
net on large urban structures, such as cell 
towers and skyscrapers, to help prevent bird 
strikes. The researchers are also exploring 
how their sonic net can reduce crop loss in 
sub-Saharan Africa.

Hinders likens the device’s effect to the 

cocktail party problem. “You’re in 
a room where a lot of other people  
are talking. It can be difficult to follow  
an individual conversation,” he says.  
“It doesn’t even have to be especially  
loud. We fill in the gaps in their  
conversations with noise.”

And by crashing the  
party, the sonic net could save  
the birds and our crops.  LEAH SHAFFER

North American skies see 10 billion to  
20 billion resident or migratory birds each 
year, but many die because of human 
activities. Wind turbines along migratory 
routes have proven deadly for raptors 
like the golden eagle, but turbines 
can’t hold a candle to domestic cats or 
building collisions. For rare birds like the 
golden-winged warbler, whose numbers 
are already dwindling — its global breeding 
population is an estimated 410,000 — Oklahoma 
State University avian ecologist Scott Loss warns 
that even a handful of deaths could threaten 
the entire population.  SARAH ZIELINSKI

BYE-BYE BIRDIESNUMBER OF 
BIRDS KILLED 
EACH YEAR 
IN THE U.S.

NUMBER OF BIRDS KILLED 
PER SOURCE PER YEAR

Aviary-based tests for 
the sonic net used the 
European starling, a 
common pest bird.

HOW IT WORKS

Parametric arrays create a “sonic shield”

Noise deflects 
birds

Crops
saved

Solar panels 
power device

CRUXTHE                      TECH

Free-ranging 
domestic cats:

2.4 billion 

Monopole/
new-generation
wind turbines

234,000

Vehicle collisions:
199.6 million

Buildings: 
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----

Midsize (low-rises): 339 million
Residences (1-3 stories): 253.2 million

High-rises: 508,000
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Since 2005, the bacterium Candidatus 
liberibacter, spread by Asian psyllid bugs, 
has ravaged orange and grapefruit trees in 
Texas, California and Florida, producing 
splotchy leaves and misshapen fruit. 
Agricultural engineer Reza Ehsani of the 
University of Florida helped come up 
with the only available treatment: heat.

Heating orange trees to a consistent 
temperature of about 108 degrees Fahr-
enheit for up to 90 seconds significantly 
reduces the number of bacteria without 
harming the fruit or creating any other 
experimental hazards. Ehsani’s initial 
studies started simply, with translucent 
tarps thrown over individual trees to trap 
the heat from the sun. The treated trees 
improved dramatically — some even 
returned to 100 percent productivity — 
and desperate growers are already trying 
the technique, even though the trees 
remain vulnerable to reinfection.

But this individual approach is effective 
only in groves with few infected trees. In 
Florida, with widespread disease now 
endangering nearly 70 million trees (which 
provide 80 percent of America’s orange 

and grapefruit juice), single tarps won’t 
cut it. Ehsani and his colleagues recently 
debuted a prototype device that blasts 
trees with a 30-second shot of steam at 
140 degrees; just one spritz is enough 
to keep a tree safe for at least a year or 
two. Companies are already working on 
commercial models, which will attach to 
tractors or other common equipment.

Though he’s working on improving 
the device, Ehsani acknowledges that 
heat treatment probably won’t provide 
a permanent solution — that’s likely 
the domain of chemical treatments 
years down the line. “But it buys us 
time, and that’s what we really need 
right now.”  SARAH WEBB

FAST FACT

80% of  
America’s orange 
and grapefruit  
juice supply comes 
from Florida alone.

HOW IT WORKS
1. A tarp completely 

envelops the tree.

2. Machine blasts 140-degree 
steam for 30 seconds, 
then the tarp is lifted.

3. The steamed tree is now 
protected from bacteria.

A steam heat 
treatment machine 

at work.

Steamy Solution to Citrus Sickness
From tarps to steam machines, more heat could save the nation’s orange and grapefruit trees.

1 2 3

Tiny Asian psyllid 
bugs (right) are 
responsible for 
spreading bacteria 
that harm U.S. cit-
rus trees (below).

November 2014  DISCOVER  17

CITIZEN SCIENCE ALERT  
Play a Facebook game, using real 
genetic data, to identify which  
trees are susceptible to fungi! 
DiscoverMagazine.com/Fungi
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The Curiosity rover’s selfies have gained a lot of fans 
on Earth, but their arrival depends entirely on the Deep 
Space Network (DSN), an overlooked and overworked 
collection of 50-year-old radio antennas installed in remote 
locations across the world. 

Just as FM stations embed songs in radio waves that your 
car stereo translates into Celine Dion’s power ballads, space 
missions embed data (though typically not voice transmissions) 
that the DSN antennas convert into images and other space-
craft info. The network’s 15 dishes track, send commands to 
and download data from more than 30 missions.

DSN dishes are incredibly sensitive — able to detect, for 
instance, the weak signals from Voyager at the edge of the 
solar system. “When the signal arrives, it’s far less than even 
a billionth of a billionth of a watt,” says the DSN’s project 
manager, Alaudin Bhanji of the Jet Propulsion Laboratory in 
Pasadena, Calif. “And that’s 20 billion times lower than the 
power required for a digital wristwatch.” 

The trouble is the data transfer rates are slow in radio com-
munication. Downloading a 1.5-gigabyte video from Curiosity 
via radio DSN can take up to six hours. Imagine the frustration 
of trying to Skype with future colonists on Mars at this rate. 

That’s where a new technology — optical communication, 
embedding data in laser beams rather than radio waves — 

comes in. As a test of this tech, NASA’s latest moon explorer, 
LADEE, was equipped with a “lunar laser” system that 
can communicate nearly 20,000 times faster than Curios-
ity’s DSN-based transmitter. With this successful proof of 
concept, the agency plans to launch another fast-talking 
system in 2017 to figure out the limits and logistics of lasers 
in a low-stakes environment.

NASA intends for such high-speed systems to be standard 
issue on spacecraft starting in 2025, provided the federal wallet 
can support their data-hungry habits; they’d be able to down-
load that 1.5-GB video two to 10 times faster.

By the time spacecraft have laser beacons, the DSN will need 
a complementary arsenal of laser-detecting telescopes. But the 
existing fleet of radio dishes — their slow-and-steady relatives 
— will keep chugging along at least as long as today’s probes 
and rovers continue to function. After all, 37-year-old Voyager 
is a bit too far to retrofit with optical communications.

Just as the DSN streamed footage of the first footsteps on the 
moon 45 years ago, Bhanji imagines the lasered-up network will 
do the same when we clear our next manned space hurdle. “We 
might be recalling those amazing days when antennas streamed 
high-resolution videos of the first human steps on the surface of 
Mars,” he says. “No one knows when that will happen, but I can 
assure you when it happens, the DSN will be there.”  SARAH SCOLES

A Skype  
Session  
From Mars
NASA’s Deep Space Network picks up 
transmissions from many spacecraft, 
but it will need an upgrade before 
colonists on the Red Planet can use  
it to phone home.

GOLDSTONE 
Mojave Desert,  
California

MADRID
Robledo de 
Chavela, Spain

CANBERRA
Tidbinbilla,  
Australia

DEEP SPACE NETWORK COMPLEXES
NASA’s three DSN sites were built in bowl-shaped, 
semi-mountainous terrain to shield their multiple dishes 
from external radio interference. 

NASA’s LADEE (Lunar Atmosphere and 
Dust Environment Explorer) probe 
used a laser system to communicate 
with Earth at high speed.

A 70-meter dish at the Goldstone 
complex listens to the heavens.
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Y Not?
The human Y chromosome  
may vanish one day, but perhaps  
that wouldn’t be so bad.

Whether a mammal is a male or 
a female usually comes down to its 
set of sex chromosomes, either XX 
if you’re female, or XY, male. But 
studies have shown the human Y 
chromosome has degraded over time, 
losing up to 1,600 genes in about 200 
million years, by some estimates. 
More strikingly, some mammals, 
such as the Japanese spiny rat, have 
shed their Y chromosomes altogether.

“So what is to stop the human Y 
from disappearing?” says evolutionary 
geneticist and molecular biologist 
Jennifer Marshall Graves of La 
Trobe University. She contends that 
the Y chromosome already starts at 
a disadvantage: Unlike the X, it has 
no partner for genetic recombination 
(the random exchange of segments 
between chromosome pairs), so it can 
accumulate harmful mutations, leaving 
it perennially vulnerable. She says the 
human Y should disappear in about 
4.6 million years if its degradation 
continues at the rate it’s happened so 
far — and there’s no reason it has to 
take that long. Sudden changes have 
sparked previous losses in 
the Y, so we always could 
lose our Y much sooner.

But let’s be clear: A van-
ishing Y does not mean 
vanishing males. Instead, 
Graves suggests that a new 
sex-determining system 
could evolve, as it did for 
the spiny rats. Instead 
of XY or XX, male and 
female rats are both XO, 
meaning they have a single 
unpaired X chromosome; 
an unknown spot in the 
genetic code now deter-
mines the gender. The 

same could happen to humans, with 
some novel genetic mutation usurping 
the Y chromosome’s role.

Not everyone agrees, of course. 
“I am convinced that the Y genes 
are too important to be lost, and the 
situation in spiny rats is probably just 
an isolated situation,” says biologist 
Jennifer Hughes of the Whitehead 
Institute at MIT. She and others note 
that the Y has been able to keep its 
important genes through “purifying 
selection,” in which deleterious changes 
are removed over time.

Graves realizes our Y may not 
disappear tomorrow — or ever. Her 
point is that it could fade away, given 
its degraded history. Unless it starts to 
happen soon, we’ll just have to live in 
suspense.  LAASYA SAMHITA

Humans have 22 chromosome pairs and two sex chromosomes: 
XX for females, and XY (shown) for males — at least for now.
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Men and women often give each other a bad rap. Women talk too much, while 
men don’t talk enough. But new research published in Scientific Reports finds context 
is key. Northeastern University political scientist David Lazer and colleagues used 
a smartphone-size device called a sociometer to eavesdrop on conversations among 
a total of 133 participants, separated into two group settings. They found that in a 
laid-back lunchtime atmosphere, men chatted just as much as women; in a coopera-
tive, task-driven environment, women won out — but only in small groups. Men 
out-talked their female peers in groups of six or more in cooperative environments. It 
seems chatty Charleys can keep up just fine with chatty Cathys. BRENDA POPPY

Getting a Fly-Full
Houseflies are out of control in the Dead Sea region. 
Zillions of maggots hatch from the raw chicken manure 
that Jordanian farmers spread on their tomato fields. 
During the autumn outbreaks, between late August 
and early November, each monitoring trap routine-
ly captures 60,000 houseflies — about 3 buzzing 
quarts full — every 24 hours. Friends of the Earth 
Middle East, an environmental group, is teaching 
the farmers to sterilize the manure and work it 
into the soil to help keep the flies down.  JEFF WHEELWRIGHT

QU ICK H I T

Conversation’s Gender Gap
 New research reveals who really has the gift of gab.
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The coin’s curved design is a first in American history. 
The outward curing ‘tails’ side of the coin depicts a 
baseball—complete with intricate stitching. The inward
curing ‘heads’ side of the half dollar reveals a classic 
leather baseball glove, with the curve perfectly reflecting
the natural shape of a weathered and well-loved baseball
mitt. Among the celebrity judges who selected this FIRST
EVER curved design were Hall of Famers Joe Morgan,
Brooks Robinson, Ozzie Smith, Don Sutton, and Dave
Winfield. The curved design is like nothing you have 
ever seen before. You won’t believe it when you hold it!

Going…Going…GONE
Public demand for these coins has exploded and a number
of versions have already sold out quickly. The 2014 Baseball
Hall of Fame Half Dollar will forever go down in history
as a runaway best seller. But even though the coins are 
disappearing at record speed, you don’t have to strike out. 

n lock in your very own piece 
 mention the most unusual 

rculated Half Dollar
Each 2014 Baseball Hall of Fame Commemorative Half
Dollar is minted in Brilliant Uncirculated condition and
comes in official U.S. Mint packaging, including the official
Mint Certificate of Authenticity. Best of all, you can secure
yours today for only $29.95 (plus s/h). Due to overwhelming
demand, orders are limited to a maximum of 5 coins. 
No dealer orders will be accepted. Lock in yours now for
estimated delivery at the end of July. Hurry! A sellout is
expected at any time.

When you call, ask about the extremely limited Pete Rose
autographed edition.

For fastest service call today toll-free

1-800-563-6468
Offer Code HOF249-02

Please mention this code when you call.

GovMint.com • 14101 Southcross Dr. W. Dept. HOF249-02 • Burnsville, Minnesota 55337
Prices and availability subject to change without notice. Past performance is not 
a predictor of future performance. NOTE: GovMint.com® is a private distributor of 
worldwide government coin and currency issues and privately issued licensed collectibles 
and is not affiliated with the United States government. Facts and figures deemed accurate 
as of July 2014. ©2014 GovMint.com. 

Actual size 
is 30.61 mm

Only $29.95!

JUST RELEASED: 
United States Baseball Legal Tender Coin

The National Baseball Hall of Fame and the U.S.
Mint have just released the FIRST EVER curved
American coin. This legal tender half dollar has

been struck to honor the 75th anniversary of the 
National Baseball Hall of Fame and Museum

If you CALL NOW, you ca
of baseball history—not t
American coin ever struck!

Pristine Brilliant Unci

Cooperstown, N.Y.

o

http://GovtMint.com
http://worldmags.net/
http://worldmags.net/


24  DISCOVERMAGAZINE.COM

BO
RI

S 
LY

U
BN

ER
/IL

LU
ST

RA
TI

O
N

 W
O

RK
S/

CO
RB

IS

→Kara was leggy and tan, with a 
long, tawny mane. Her smile was 

as warm as the summer sun. But, oh, her 
right eye! Where it should have shone 
snowy white, my patient’s sclera — the 
tough, fibrous coating near her iris — 
glowed neon red.

Plus, something else about Kara’s 
appearance was not quite right. Despite 
her slim limbs, her face was puffy and 
round.

To anyone trained in medicine, the 
evidence spoke for itself. While battling 
her angry eye, the 28-year-old fashion 
designer had downed lots of prednisone. 
Now her body showed telltale signs 
of the heavy-duty steroids, including 
a “moon face,” a layer of fat over the 
back of her neck, and elevated blood 
pressure. No matter how they might be 
helping her, they were also taking a toll. 
To top it off, her eye still throbbed.

Nonetheless, Kara hadn’t spent two 
hours on crowded Southern California 
freeways to bemoan her looks or pain. 
She scheduled our visit because my 
longtime colleague — a noted oph-
thalmologist — was concerned about 
Kara’s side effects.

More importantly, he was worried 
that the real diagnosis was missed.

A few days earlier, his email had 
summarized the problem. “Kara’s got 
a bad case of scleritis,” it began, “that’s 

being treated as an autoimmune disease. 
The trouble is, her rheumatoid tests 
are negative, and her symptoms started 
after traveling. I know Western Europe 
isn’t exactly exotic, but when Kara 
mentioned river rafting, rustic hikes and 
insect bites, I figured she’d better see an 
infectious diseases specialist.”

To doctors in my field, a challenge 
like this is pure Agatha Christie catnip. 
Hence my next step — now that I was 
cast as Hercule Poirot — was to exercise 
my “little grey cells.”

Clinical experience helped. Step 
one, after mulling over my colleague’s 
email, was to recall another dozen-plus 

patients I had seen throughout my 
career. The infections that triggered 
their chronic eye inflammation ranged 
from tuberculosis and syphilis to inhaled 
fungal blights like valley fever.

On the other hand, what were the 
odds that Kara had one of these perps? 
Not very high, I had to admit. How 
about a sneak attack by Brucella or 
Salmonella lurking in unpasteurized 
cheese or undercooked meat as the 
spark that incited her orbital inferno? Or 
maybe, I pondered, I should search out a 
vector-borne culprit. Between April and 
October, Europe’s high Alpine forests 
harbor tick-borne encephalitis, while 
chikungunya — a mosquito-borne virus 
originally from Africa — had surfaced 
in northeastern Italy. 

Finally, there was leptospirosis, an 
infection that rats, dogs and other 
animals sometimes spread by urinat-
ing in or near freshwater lakes and 
streams. Humans who acquire the coiled 

The Girl 
With the 
Fiery Eye
A 20-something’s trek through 
Europe followed by a bad 
sore throat and inflammation 
add up to a rare twist on a 
common infectious disease.
BY CLAIRE PANOSIAN DUNAVAN

To doctors in my field, 
a challenge like  

this is pure Agatha 
Christie catnip.
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Leptospira bacteria by inhalation or 
direct contact with contaminated water 
suffer diverse immunologic ills.

Oh, heck. I was clutching at straws 
and I knew it. More history equals more 
clues, I decided. I clearly needed more 
history.

“So tell me about last summer,” I said, 
after commiserating over her freeway 
trek. “Were you by yourself ? Where did 
you go? What did you do?”

As Kara filled in the details, I 
scribbled notes. No, she said, she did 
not travel solo. For three weeks, she 
toured Europe with her best friend and 
a gang of fellow adventurers. In rustic 
corners of  Italy, Austria and the Rhine 
Valley, they hiked, whitewater rafted, 
lingered over wine by buggy lakes, even 
fed farm animals.

As for illness? “We all had colds at 
one point,” Kara recalled. “You know 
— drippy nose, congestion, cough.” She 
paused, considering the timeline. “But 
it wasn’t until the day we flew home 
that my roommate and I both came 
down with terrible sore throats and 
swollen glands.”

Whoa. This was news. “Tell me more,” 
I said.

“Well, my friend saw her regular 
doctor and took antibiotics. But when I 
went to an urgent care clinic, my throat 
swab was negative, and I got better 
on my own. Until a week later, that is. 
That’s when I developed a high fever and 
a spotty rash. Then my fever broke, my 
rash faded, and I was fine for another 
week until my joints began to ache and 
my knee swelled up.”

“Finally,” Kara concluded, “my right 
eye turned red, and it’s been red ever 
since. Shall I send you photos?” she 
added helpfully.

Numbly, I nodded. Of course I 
wanted to see her gallery of pics. But 
I was still distracted by a thought I 
couldn’t shake.

“So now it’s been six months … and 
you’ve never taken a single antibiotic?”

“That’s right,” Kara answered.
I suppose it sounds odd in this era of 

antibiotic backlash, but some clinical 
situations call for antibiotics even if  
you’re treating blind. So, yes, I quickly 
decided: I would exclude all the oddball 
diagnoses on my laundry list of  culprits. 
But now my leading suspect was Group 
A Streptococcus, that most common 
— treatable — sore-throat germ of 
children and adults.

Even if  Kara had tested negative at 
a storefront clinic six months earlier, 
Group A strep is so infamous for 
causing secondary inflammation in 
joints, heart valves and other tissues 
and organs, it would be folly not to look 
for it again.

I also vowed — as soon as our lab 
had Kara’s serum safely in hand — to 
start my new patient on antibiotics. Six 
months into her ordeal, I still hoped 
they might cool her eye and reduce her 
long-term dependence on steroids and 
other immunosuppressives.

And that’s pretty much how it worked 
out. Kara eventually took two different 
antibiotics, and although her throat 
culture remained negative, antibody 

tests later proved she had recently been 
infected with Group A strep.

Moreover, her antibiotics worked like 
magic. A month into treatment, her 
ophthalmologist wrote again, but this 
time with an upbeat message. “When 
I saw Kara, her scleritis was markedly 
better. She still has some large, dilated 
vessels … but that’s often seen after a 
prolonged episode of scleritis. The eye is 
no longer painful or tender.”

He had also delved into the medi-
cal literature and found a case report 
from France describing a patient who 
was remarkably similar to Kara. This 
middle-aged woman also suffered 
scleritis after a bad throat infection with 
Group A strep. And, just like Kara, her 
eye problems disappeared after treat-
ment with steroids and penicillin.

“What happened to Kara’s face?” you 
may be wondering. Slowly but surely, 
after she tapered down to a tiny dose 
of prednisone, it regained its normal 
contours. Kara no longer resembles a 
chipmunk whose cheeks are stuffed with 
nuts and seeds, and her blood pressure is 
back to normal. Not long ago, she even 
passed her vision test at the Department 
of Motor Vehicles. Finally, on repeat 
testing, her antibodies to Group A strep 
were way down.

“I’m so happy I look like myself  
again!” Kara confided over the phone 
four months after our first meeting. “In 
a few weeks, I’m going to be a brides-
maid in my cousin’s wedding.”

Kara’s not totally out of the woods, 
of course. She’s still being closely 
monitored. She’s also remaining, for the 
time being, on a weekly non-steroidal, 
anti-inflammatory injection. Consider-
ing what she’s been through, her doctors 
all agree: We need to thoroughly douse 
the last, smoldering embers of her 
ocular fire.  D

Claire Panosian Dunavan is a professor  

of medicine and infectious diseases at David 

Geffen School of Medicine at UCLA. The cases 

described in Vital Signs are real, but names 

and certain details have been changed.
Colonies of Group A Streptococcus bacteria 
grow in a petri dish.

Numbly, I nodded.  
Of course I wanted  
to see her gallery of 
pics. But I was still  

distracted by a thought 
I couldn’t shake.
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S  NGLED 
           OUT 

Most medical experiments involve 
hundreds or thousands of patients. But 

sometimes the right number is one.

BY MAGGIE KOERTH-BAKER
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For three days, Alex Jofriet drank one 8-ounce glass of  milk per 
day. This was a big deal because he hadn’t touched the stuff  in 
years. Jofriet has Crohn’s disease, a poorly understood chronic 
inflammation of  the intestine. Eat the wrong thing, or even too 
much of  the right thing, and he would pay the price: hours in 
the bathroom wracked with stomach pain, gas and diarrhea. 

But Jofriet took the risk. He and his doctor, Shehzad Saeed, 
decided to set up an experiment, and Jofriet would be the only 
subject. For those three days, he would drink milk 
like he wasn’t afraid, like he hadn’t spent the past 
eight years negotiating a careful truce with his 
digestive system. He would drink milk and record 
how he felt on those days. How many bowel move-
ments did he have? Was there blood in his stool? 
Did he have stomach pain and bloating? Then 
Saeed would statistically compare Jofriet’s health 
on the days he drank milk with the days he didn’t.

This isn’t how scientists normally answer health 
questions. In fact, the question itself  is all wrong. 
Medical research happens on the scale of  popula-
tions. You’re supposed to ask big questions like, 
“Does drinking milk cause negative symptoms in 
Crohn’s disease patients?” Then you’re supposed 
to round up a large and representative sample 
of  patients, randomly sort them into groups, test 
the hypothesis using placebos or other controls, 
and check to see whether all the individual results 
yield a statistically significant aggregate answer.

This is the basic outline of  a randomized con-
trol clinical trial — the gold standard of  medical 
research and the basis of  most of  the medical 
facts we hear from doctors and read in magazines like 
this one. It’s the best way we know of to learn about 
how our bodies work (and don’t work) and what 
it takes to fix them.

But even the gold standard isn’t perfect. 
The controlled clinical trial is really about 
averages, and averages don’t necessarily tell 
you what will happen to an individual. Such 
a trial might tell you that, statistically speak-
ing, milk isn’t good for Crohn’s patients. But 
within that sample, there might be people 
who didn’t have any problems drinking milk, and people 
whose symptoms even got better while drinking it. In the 
doctor’s office, one on one, what you know about aver-
age results for a population is just the beginning, not the 
final word.

One way to correct for the gaps the gold standard 
leaves in our knowledge is the “N of 1” trial, where the 
number of  participants (N) is one instead of  hundreds 
or thousands of  volunteers. That one person works with 
the doctor to test a narrow hypothesis — for example, “I 
think drinking milk will make me feel sick. Am I right?” 

There are still controls. Ideally, there are still placebos. But 
at the end, what you get is a patient-specific, individualized 
answer. It’s a process shown — by controlled clinical trials, no 
less — to improve patient outcomes. And scientists working 
with these studies today, including Saeed, are almost invariably 
enthusiastic about N of 1’s potential.

The trouble is, other physicians and researchers enthusias-
tic about N of 1 studies have ended up disappointed. For 30 

years, scientists in the United States, Canada and 
Australia have tried to set up services to help doc-
tors do N of 1 trials. But the services keep failing, 
bogged down by cost, bureaucracy and a lack of 
interest from the very doctors and patients the 
studies are meant to help.

What makes a great idea such a flop in practice? 
Saeed and other researchers think they’ve figured 
out the problems. And this time, instead of  fading 
away yet again, N of 1 is here to stay.

TRUST BUT VERIFY
Alex Jofriet was always a picky eater. But some-
where around fourth grade, he got sick, and the 
casual pickiness — the “wake up in the morning 
and decide bologna is gross today” kind of  picki-
ness — turned into something else. 

His stomach began to hurt. He spent hours on 
the toilet, suffering recurrent bouts of  diarrhea. 
Between that and throwing up much of  what 
he ate, it was just easier not to eat. By the time 
everyone realized this was more than just a fussy 
distaste for a few foods or a bad stomach flu, 

Jofriet had lost 20 pounds and was so exhausted that he 
had to sit down on the shelves at the grocery store to 

rest. At age 10, the calcium-deficient bones in his 
back cracked and fractured. 

That was the beginning of  Jofriet’s life with 
Crohn’s disease. It was also the beginning of 
a weird relationship with food. Over the next 
eight years, he would go through numerous 
surgeries and treatments, and those things, 
along with the actual symptoms of  Crohn’s, 
would affect what he could eat and when. 

Sometimes he subsisted on nothing but Teddy Grahams 
and cans of  Pediasure. Sometimes he didn’t eat at all, 
receiving all his nutrition through a tube that snaked 
from a pack on his back into his nose and down to his 
stomach. The only way Jofriet could go to homecoming 
during his sophomore year of  high school was on a six-
hour pass from the hospital where he was recovering from 
yet another abdominal surgery.

Today, at 18, he’s enjoying the best health he’s had since 
grade school. Nobody is exactly sure why his illness flared 
up in horrible ways throughout junior high and high 
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school, but after some experimentation with his doctor, he’s 
finally found a medication that keeps his Crohn’s under control. 
And that has left Jofriet in an awkward position. Increasingly 
healthy, he doesn’t want to do anything that could jeopardize 
that health. It’s not unusual for Crohn’s patients in his situation 
to experiment informally, jumping mostly by instinct into fad 
diets, supplements, new foods and alternative therapies.

That kind of experimentation isn’t limited to Crohn’s patients. 
Everybody has tried one-person experiments at some point. 
You want to lose weight, so you try the low-carb diet you keep 
hearing about on the news. You have arthritis, and you think 
acupuncture might relieve your pain better than medication. 
Your kid has a cold, and taking a friend’s advice, you give him 
some zinc. In that way, N of 1 trials are nothing new.

The problem is that the results of all these little experiments 
are suspect. Few of us start by documenting a baseline, tracking 
symptoms before we try a new treatment. Nor do we usually 
document what happens after we start the new treatment or test 
different treatments separately, comparing them with each other 
and with what happens to our bodies without any treatment.

This distinguishes formal N of 1 experiments from basic, 
everyday decision-making about health. Some are more for-
malized than others, but the best have three important elements 
that don’t exist when patients, or patients and their doctors, are 

Alex Jofriet (above) and his doctor, Shehzad Saeed of Cincinnati  
Children’s Hospital Medical Center, worked together to experiment and 
develop a novel treatment for Crohn’s disease. Starting at age 10, Alex 
went through numerous surgeries and treatments over the next eight 
years. Through it all, he often seemed upbeat and positive, even during 
treatment (right) at Cincinnati Children’s.

just trying things out, says Naihua Duan, a retired Columbia 
University biostatistician and part of  a team of experts con-
vened by the federal Agency for Healthcare Research and Qual-
ity that recently published a user’s guide to N of 1 experiments.

The first characteristic of  a formal N of 1 experiment is 
randomized assignment of  treatment conditions. That is, the 
patient should cycle either between periods using the active 
treatment and periods using some kind of  placebo, or between 
periods of  two different treatments. Second, neither the doc-
tor nor the patient should know when the patient is taking the 
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Medical Center, relates another case: a girl with Crohn’s 
who believed that taking a probiotic eased her symptoms. 
Saeed’s subsequent N of 1 experiment showed that the 
probiotic wasn’t actually helping; the fluctuation in symp-
toms existed independently of  whether she was taking it. 
So she stopped, and instead, she and her doctors focused 
on trying to figure out why the symptoms fluctuated.

In 1990, when Guyatt and his team published the first 
review of their work, these were the kind of  results they 
were looking for — experiments that answered a question 
and changed a patient’s treatment plan. Of the 70 N of 1 
experiments they’d done at that point, 50 led to a defini-

tive answer, and 39 percent of  those answers 
led to a change in treatment. Later studies 
found similar benefits of  N of 1 trials. 

And yet, from Guyatt’s perspective, N of 
1 trials have been a disappointment. He and 
other scientists published a lot of  research 
on the experiments in the early to mid-1990s, 

but then they mostly gave up. Although the 
experiments produced useful results, their logisti-

cal complexities made them expensive and difficult 
for individual patients and doctors to manage properly. 

At the same time, Guyatt and other scientists found them-
selves fighting internal bureaucracy for the right 
to do the experiments at all. “We hung on for 
five years or so,” Guyatt says. “And people still 
call me to ask about it periodically. I have a chat 
with them, and I say, ‘good luck.’ ”

RISE AND FALL AND RISE AGAIN 
Today, few people have even heard of  N of 1 
experiments. When Richard Kravitz, co-vice 
chair of  research in the department of  internal 
medicine at the University of  California, Davis, 
does focus groups to see what doctors think 
about N of 1 trials, he usually has to start by 
explaining what an N of 1 trial is. 

Kravitz studies how doctors’ behavior affects 
patients’ health, and he sees N of 1 experiments 
as a clever means of  changing the way medicine 
is done — a chance to tailor care to patients’ 
individual needs without relying on ultra-
high-tech, ultra-expensive genetic-sequencing 
technologies. “It allows you to implement per-

sonalized medicine without the ‘omics,’ ” he says. “You can be 
rigorous and scientific, but you don’t need a lab.” 

Unfortunately, while N of 1 experiments may be more down 
to earth than personal genomics, they come with their own 
drawbacks — issues that led researchers like Guyatt to aban-
don them 20 years ago.

First and foremost: It’s just plain complicated to do an N 
of 1 trial. Most doctors have neither the time nor the tools, 
administrative help or extra funding they’d need to make it 
work. And in most trials, you also need a placebo, or sugar pill, 
and the placebo and the drug would need to be disguised so that 

placebo or the treatment. That’s called blinding. Finally, 
the doctor and patient should track symptoms in detail 
throughout the experiment, just like Jofriet and Saeed 
did. If  one of  the symptoms is bloating, the amount of 
bloating should be recorded at various points in the day, 
every day, throughout the experiment.

Psychologists have been running one-person experi-
ments, using some of  these basic principles, since the 
mid-20th century. But the idea of  single-subject research 
didn’t really make the leap to medicine of  the body 
until the early 1980s when Gordon Guyatt, a Canadian 
physician now known as a founder of  evidence-based 
medicine, began working in an interdisciplin-
ary department at McMaster University in 
Ontario, with psychologists, biostatisticians, 
ethicists and clinical epidemiologists all 
working together. 

At a weekly departmental seminar, one per-
son would present his or her current research, 
and the others would lob around criticism and 
ideas. In these debates, Guyatt remembers, one of 
the psychologists kept bringing up the idea of N of 1 
trials. Guyatt decided to learn more. 

At the time, he was dealing with a lot of  patients whose 
health experiences didn’t match up with the 
results of  large randomized clinical trials. One 
of  those was an asthmatic septuagenarian whose 
three prescribed medications didn’t seem to be 
helping. N of  1, Guyatt realized, could solve 
that problem.

Guyatt and his team meant to do three blind 
comparisons between a placebo and one of  the 
three drugs: theophylline, a bronchodilator that 
eases breathing. But after switching between 
theophylline and placebo two times, they had 
to stop the experiment. It was already clear that 
changing the medication was making a big dif-
ference — and the patient was healthier on the 
placebo. The active drug was actually making 
the patient worse, not better. The results didn’t 
mean theophylline, which is still in use, was a bad 
drug. It was just a bad drug for this particular 
patient. With theophylline removed from his 
regimen, the patient flourished.

Guyatt published the results in The New 
England Journal of Medicine in 1986. “To definitively establish 
whether or not something works in an individual is kind of  a 
thrill,” he says. “A trial of  1,000 people is a long-term process. 
Even just recruitment can take three years. There’s a lot of  slog-
ging. But N of 1 gets you answers quickly.”

While the improvements in N of 1 patients aren’t always as 
dramatic, research over the past 20-plus years has produced 
solid support for the idea that these studies really can help doc-
tors and patients work together to make better decisions. That’s 
especially true when it comes to chronic illness.

Saeed, Jofriet’s doctor at Cincinnati Children’s Hospital 
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neither the patient nor doctor would know which was 
being taken when. That’s more complicated than it sounds, 
says Paul Glasziou, who used to run a service that helped 
doctors design N of 1 experiments at the University of 
Queensland in Brisbane, Australia. 

Despite their simple ingredients, placebos aren’t cheap. 
“[It] means getting pharmaceutical companies to shut 
down the usual production system and put in inert powder 
instead,” he says. For a simple one-off  experiment, you 
could go to a compounding pharmacist to make capsules 
that hide either the active drug or a placebo, but those 
pharmacies aren’t common, and they rarely 
work in bulk. That’s a problem if  you’re try-
ing to set up a service where, ideally, lots of 
doctors would come to get placebos or cap-
sules for hundreds of patients.

Bureaucracy is the second challenge that 
looms over N of 1. Any time scientists want 
to do an experiment on a human, they have to 
get the plan approved by an Institutional Review 
Board (IRB). N of 1 trials don’t fit into that estab-
lished bureaucracy in a clearly defined way. The trials 
aren’t exactly research: Nobody is using them to figure 
out whether a drug works or is safe before it’s 
released to the general public. This is just doctors 
taking approved drugs and figuring out whether 
they work for specific patients. 

But at the same time, they are each an experi-
ment. And the process of  securing placebos and 
setting up the proper controls convinced some 
IRBs that N of  1 trials should fall under stan-
dard experimental ethics protocols. “IRBs were 
totally unused to the idea,” Kravitz says. “There 
were some that even required separate approval 
for every trial.” So every time a doctor and a 
patient wanted to compare a drug to a placebo, 
they had to get IRB approval first. “Programs 
just collapsed,” Kravitz says. These problems 
sank the program Guyatt set up to help doctors 
at McMaster design and conduct N of  1 trials, 
and many other programs never got past the 
planning stages. 

When interest in N of 1 experiments began to rebound in the 
last decade, proponents had to deal with the same problems. 
Sunita Vohra runs the N of 1 service at the University of Alberta, 
Canada. Although she got her funding in 2004, she couldn’t 
launch the service until 2006. The intervening years were filled 
with prolonged negotiations to convince the university that N 
of 1 experiments were primarily about improving patient care, 
not doing research on how drugs and other treatments worked.

Today, she can set up all sorts of  pediatric N of 1 experi-
ments. She’s tested whether probiotics would help a child with 
eczema. She helped a family figure out whether a supplement 
they bought in another country was actually improving their 
child’s arthritis. And she can do these things without sinking 
into a bureaucratic morass. 

FINDING WORKAROUNDS
Meanwhile, the program at Cincinnati Children’s 
Hospital Medical Center — the one that helped Jofriet 
— has found ways around the costs and complications. 
Technology helps: Jofriet uses a web interface where he 
and Saeed, his doctor, can set goals, plan experiments 
and track Jofriet’s symptoms in between office appoint-
ments. Jofriet can send text messages or email and fill out 
online surveys.

But Cincinnati Children’s also streamlined the N 
of 1 process by discarding placebos and blinding. For 

instance, when Jofriet did the experiment to 
see whether drinking milk would make him 
sick, he and his doctors didn’t create fake 
“milk” — they knew when Jofriet was drink-
ing milk and when he wasn’t. 

That sounds like a serious sacrifice. 
After all, blinding and placebos, along with 

random assignment and documentation of 
outcomes, are supposed to be what make N of 

1 experiments different from just randomly fid-
dling around. But Kravitz says that experiments like 

Jofriet’s still count as N of 1. In fact, getting rid of  place-
bos could be a good thing, and not just because it 
makes the experimental process easier. Any time 
a treatment works, Kravitz says, the effect is actu-
ally a combination of  the biological effects of  a 
drug and a whole host of  other effects, including 
placebo effects triggered by factors such as how 
much confidence the doctor exudes in the exam 
room or the color of  the pill. It’s the total effect 
that matters. 

Think back to Jofriet’s milk trial. The point of 
that experiment wasn’t just to see what happened 
when he drank milk, Saeed says. It was also about 
emotional and psychological reassurance. Jofriet 
hadn’t eaten a normal diet in years. Trying milk 
was the first step toward that. He needed to see 
himself drinking the milk, just like he needed to 
see the results: that it wasn’t hurting him. 

Over the next couple of  months, Jofriet went 
on to do the same kinds of  experiments with 

Cheerios, green vegetables, fruit, peanut butter, pretzels and 
meat. All those were successful, too, not just because he didn’t 
get sick, but because he got back a normal life. 

That’s why N of 1 experiments are worth doing, even if  you 
can’t do them perfectly, says Michael Seid, director of  health 
outcomes and quality of  care research at Cincinnati Children’s 
Hospital. From Seid’s perspective, the personalization offered 
by N of 1 experiments is not only a cheaper and lower-tech 
way to achieve personalized medicine, it is even better than the 
personalization you get with the high-tech tools.

PERSONALIZATION IS KEY
Single-subject trials allow you to personalize the outcome, not 
just the treatment. With the help of  N of 1 experiments, Jo-
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friet could decide that “being able to drink milk” was the 
desired outcome, and he and his doctor could figure out 
how to make that happen.

That ability to improve the quality of  care in a truly 
personalized way explains why N of 1 trials are making 
a comeback, Naihua Duan says. It’s part of  a bigger 
trend that also affects large placebo-controlled clinical 
trials. Historically, those “gold standard” trials have been 
focused on achieving FDA approval for a drug or produc-
ing generalizable knowledge about how the body works 
and responds to medications. In other words, they were 
focused on serving scientists. 

That’s changing, Duan says. Over the last decade, medi-
cal researchers have begun to put more of  an emphasis on 
doing research that serves patients’ needs directly. Some 
of that happens in the form of large placebo-controlled 
clinical trials aimed at answering questions such as which 
of  two existing treatments for the same disease produces 
the best results for the least money. The trend toward 
patient-centered research is reshaping the way medical 

studies are done. In 2008, the movement got its own jour-
nal, The Patient: Patient Centered Outcomes Research. 
In 2010, the Affordable Care Act established the Patient 
Centered Outcomes Research Institute. 

N of 1 experiments fit neatly into this shift in thinking, 
and this could be the catalyst that makes these experi-
ments succeed where they had once failed. Duan certainly 
hopes so, and he’s using the opportunity to make sure 
more people learn about N of 1 experiments and what 
they can do. This summer, he and Kravitz began an ambi-
tious study comparing N of 1 experiments with standard 
medical treatment in almost 250 patients. The study rep-
resents one of  the first times that N of 1 has gone head 
to head with traditional health care. Depending on what 
Duan and Kravitz learn, the study could lead to a world 
with more Alex Jofriets — and more opportunities for 
people to improve their health, one patient at a time.  D

Maggie Koerth-Baker is a Nieman Fellow at Harvard University, 

researching the history and future of human experimentation.
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Caught

Inspired by a lonely glowworm,  
a British zoologist investigates  
how humans are disturbing 
mating rituals of the natural world.

BY JULES HOWARD 
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T
his is not only about how boy meets girl; it’s also 
about how boy flies straight past girl and chooses 
instead to try to have sex with a lamppost. 

It’s 10:05 p.m. I am sitting on the curb in a 
pub car park. Many guided nature walks start 
this way. Wildlife groups think it’s so easy when 

they organize guided walks for the public. “Meet at the Robin 
Hood pub car park!” they say in their ads. “10 p.m.!” Well, that’s 
all well and good, but it’s dark at 10:05 p.m. and I feel a bit 
weird wandering up to people outside a pub, bumbling about 
like Hugh Grant, asking strangers, “Excuse me, are you guys 
here for the glowworms?” Then I notice them: about 30 people 
standing in the street opposite, all of whom are wearing good, 
sturdy walking boots. 

David Seilly, our glowworm expert and guide, is addressing 
the crowd. Already he weathers a polite rain of questions from 
the other attendees. “How many might we see?” “Will I need my 
waterproofs?” “Will there be toilets?” The usual.

I have never seen glowworms before. The thought of seeing 
even one excites me, though. I love what they stand for: an 
animal that throws caution to the wind, screaming not through 
feathers, or through squawks, songs or dances, but through the 
medium of photons pumped out of its backside. “Come to the 
light, baby,” she says gently to the males. “Come to momma.” 

Off we go to our venue for the night, Cherry Hinton Chalk 
Pit. The former quarry provided hard chalk to build the colleges 
of Cambridge University up the road and lime for the cement. 

After we move through the gates, David, our expert, stops. We 
form a compact circle around him. The summer sun has been 
down for almost an hour, and we are almost totally invisible to 
one another. Our eyes adjust to the restricted wavelengths.

“Excuse me,” says a quiet voice to my right. “But what is a 
glowworm?” “The glowworm is a beetle,” responds our sage. 
“We’ve only got one species in Britain. They belong to the firefly 
family. This one’s strategy is rather simple: Large flightless 
females emit light with the aim of attracting males.”

“So, shall we go and see some?” 
I had imagined that the next bit would take some time. That, 

like all good nature-writing stories, we would search and search 
and then search some more, and then, just as we were packing 
up, we’d see one: glowing like a beacon, a single revolutionary 
invertebrate in a world lit by artificial coal-fired lights. Our 
glowworm. We’d whoop for joy, hug, weep with the wonder of it 
all. But no, it wasn’t quite like that.

It happened like this: We turned a corner, looked at the first 
long bank of vegetation and saw them, five or six twinkling stars 
in the grass. And that’s the first thing you need to know about 
looking for glowworms — it’s remarkably easy. Look for little 
points of light, then, well . . . walk toward them.

Within what seems like seconds, small clusters of five or 

six people bend over each ghostly green point of light. I head 
toward the nearest. Someone shines a flashlight right into the 
beetle’s appendage-laden face. Even with the full beam on 
her, the glowworm continues pumping out her green charge, 
illuminating the strands of birdsfoot treefoil on which she clings. 
She is like an elongated woodlouse, and about three times the 
size. Her tapering tail is waggled over to one side, and it is from 
the final three segments that the ghostly glow emanates. 

We amble in our own little clusters from this point on, homing 
in on more tiny, glowing, green bottoms among the undergrowth. 

“And were they once everywhere in Britain?” asks someone to 
my left. David chews on this for a second. “Yes . . . they were once 
probably everywhere,” he says, before mulling over a thought in 
his head. “I’d quite like to contemplate the impact on male glow-
worms of all of the streetlights,” he adds quietly, looking at the 
reflected streetlights bouncing back off the clouds above. Those 
who heard him say it stand silent there, thinking about this for a 
few seconds. “Streetlights?” someone from behind me says.

“The trouble is, the males probably go and mate with the 
streetlights rather than mate with the females.” They do what? 
“Is that why they’re declining?” someone asks to my right. “Well, 
it might be,” offers David.

I stood there and imagined what a streetlight must look like 
to a male glowworm. Impossibly long strip, sultry red tone, that 
irresistible sexy hum. The males drawn in on tractor beams, fly-
ing straight past the females. I picture their final hours, bashing-
bashing-bashing against a panel of illuminated glass until they 
expire or succumb to a passing bat. Poor little suckers. It was 
the first time I had ever really consciously imagined that human 
actions, human insight, human ingenuity, human technology, 
could mess up the sex life of another animal. Are we civilized 
folks becoming nature’s cold shower? Predictably, the answer 
is yes. And not only are some aspects of nature’s sex taking 
a battering; in some cases, it might actually be fighting back, 
modifying its advertising to be better heard over humanity’s din.

NATURE FIGHTS BACK
Roads are one such battleground. It appears that here, natural 
selection is working at a rapid rate. And beside these roads, 
grasshoppers are becoming the study species of choice. At least 
some are adapting to the ruckus.

Grasshoppers make their calls by scraping rows of tiny pegs 
on their back legs against a thickened vein on the forewing. 
Each grasshopper species has its own call, simply determined 
by the number of tiny pegs and the rate of this “stridulation.” 
Because grasshoppers often share habitats with a number of 
other grasshopper species, natural selection has driven each 
to stand out from the others when calling. When comparing 
populations of bow-winged grasshoppers from locations near 
busy roads with those away from roads, some German scientists 
in 2012 spotted a few key differences. They found that some 
grasshoppers from noisy habitats try to boost the low-frequency 
parts of their song to get their voices better heard against the 
low-frequency drone of traffic. Nature is fighting back, and the 
low frequencies are the battle lines. In fact, the low-frequency 
parts of other animal songs appear to be similarly vulnerable 
to the blaring noise of road traffic. In early 2013, a Canadian 
study showed that the presence of lower-frequency elements in 
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to the blue whale hanging from the ceiling at the 
Natural History Museum in London having a chat 
with the model blue whale in the Natural History 
Museum in Gothenburg, Sweden.

The purpose of these calls is still being debated. 
They are likely to communicate a number of pieces 
of information, including species, activities, loca-
tion, social calls and, of course, sexiness. Could the 
calls be affected by ocean noise? The jury is still out, 
but it’s becoming a hotly debated topic. Many agree 
that increasing ocean noise is likely to be affecting 
their lives and loves, at least a little. For some species 
it might mean nothing; they just shout louder. 
But for others? It’s an area of research that might 
provide fascinating insights in the next few years.

LIGHTS OUT
So what of streetlights? It’s well known that moths die through 
attraction to artificial lights (though the impact this has on 
populations as a whole is unknown). If serious and true, a 
decline in moths could have an impact on the sex lives of plants 
that flower only at nighttime. If the moths are too busy hanging 
around the lights and not pollinating the flowers, it might be 
lights out for both, evolutionarily speaking. (Moths have far 
bigger problems than this though, of course — habitat loss and 
fragmentation being key issues.)

Though it’s unlikely that they kill off whole populations, 
streetlights undoubtedly have the power to change invertebrate 
communities, possibly some even for the better.

Research suggests that the ground beneath a newly installed 
streetlight can become an attractive place for predators and 
scavenging invertebrates like ants, harvestmen, amphipods and 
ground beetles — plenty of food and, perhaps, plenty of sex for 
some as a result. But, as in the seas, it’s early days; there is much 
more research to be done, and maybe such concern is overstated. 
What’s surprising is that, as with marine life, so little research 
is being done on the impact to invertebrates that night-lights 
might have. After all, it’s estimated that the use of artificial lights 
increases at a rate of 6 percent globally each year. Might this be 
something we regret not studying sooner? My point is that these 
are known unknowns, as Donald Rumsfeld once said, and I 
hope that one day they will become fully fledged “knowns.”

But I digress. It’s time to get back to those glowworms.
I check my watch: 12:30 a.m. Time to leave Cherry Hinton 

Chalk Pit and get on the road back home and to bed. 
It’s 1 a.m. by the time I pull out of the pub car park. I’m tired. 

It’s time for home. The road that should take me home, the A14, 
is closed, so I detour through the minor roads.

I smash through hundreds of moths on that tiresome journey 
home, some as big as ghostly bats, some little more than 
whirling bits of belly-button lint. They waft up in front of my 
headlights like steam off the road. Dozens of them, bashing 
into my bumper or hammering against the side mirrors. Some 
ricochet, or sound as if  they might chip the glass. I wince each 
time, guilty for their stolen sex.  D

Jules Howard is a regular contributor to the Guardian, the Independent 

and BBC Wildlife. He lives in London.

a song could be used to predict, to a degree, the 
abundance of songbirds setting up shop near a 
road. In human terms, it seems that low-frequency 
singers lose patience with roads and think, “Screw 
this: I’m off to somewhere quieter.”

Such results are fascinating, not least because 
they highlight how animals like songbirds may 
be unconsciously calculating the effectiveness of 
their efforts, and looking for the best time, and the 
best place, to let rip with a song. (Some research 
suggests that this is one reason why birds sing first 
thing in the morning — after all, sound travels 
farther on a cool morning.)

Similar studies have been undertaken comparing 
noisy and non-noisy habitats and looking at the 
birds that sing there. They hint at the same thing: 
Lower-frequency sex songs are being drowned out 
by the human din. In the Netherlands it’s observable in great 
tits, many of which have more high-pitched songs in towns 
and cities than their countryside neighbors. In Germany, it’s 
the nightingales. They sing up to 14 decibels louder nearer to 
roads than in nearby forests. And San Francisco’s sparrows are 
also more chirpy than they once were, particularly in the higher 
registers. Here, three “dialects” once flourished among sparrows. 
Now only one dominates: the most shrill and easy to hear over 
the rumble of traffic.

Animals are adapting, and relatively quickly. What’s unclear 
at the moment is how exactly they manage this. It could be that, 
somehow, they are listening and responding to the surrounding 
lower-level frequencies. Or it could be that a genetic shift in song 
behavior is occurring within the gene pool, since some of the 
population aren’t heard and simply die off unmated, their genes 
lost. Either way, the dawn chorus is losing its tenors.

Though less about it is understood, another place where the 
chorus may be changing is underwater. Here, a host of animals, 
including fish, whales, dolphins and even invertebrates, depend 
on sound. Some use it for hunting, others to detect predators 
or prey, but many use it for sex. It may be that they are being 
drowned out, too. Sure, cars are noisy, but have you ever heard 
the racket an oil-company ship makes, one towing air guns 
that fire fusillades loud enough to detect the bounce-backs of 
oil reserves under the rocks? No, neither have I, but I suspect 
Flipper could tell us more if  we taught him the sign for “THAT 
IS A VERY LOUD NOISE MAKE IT STOP.” The same goes 
for those undersea construction operations that drive piles into 
the seafloor, which they then explode. These noises travel for 
hundreds of miles, perhaps more. To sea creatures, we may be 
the neighbors from hell.

What most concerns some people, though, is the rapidness of 
the increase in sea noise: In some places there may have been a 
hundredfold increase in such noise since the 1960s alone. Mind-
boggling, really. And worrying. Whales and dolphins could 
provide a useful model for research into such impacts, largely 
because their sounds are relatively easy to study: They are 
among the loudest noises any animal has ever made, reaching as 
much as 188 decibels in the blue whale. (That’s only a little less 
loud than strapping a grenade to your head and pulling the pin.) 
These calls can travel more than 600 miles, which is equivalent 

Are we  
civilized  

folks  
becoming  

nature’s  
cold  

shower? 
Predictably,  

the answer is  
yes.
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Many astronomers 
are looking for livable, 
Earth-like planets. 
Alexander Wolszczan 
studies the wounded 
survivors of stellar suicides.

BY COREY S. POWELL

Phantom  Phantom  
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I
’m tucking in to dinner with 
astronomer Alexander Wolszczan 
in a bustling bistro near his 
office at Penn State, and he’s in a 
cheerfully gloomy frame of mind. 

He has reason enough to be gloomy. He 
discovered the first planets beyond our 
solar system but gets little recognition. 
His follow-up research has been slow and 
painstaking, hitting repeated dead ends. 
Neither of these things seems to bother 
him in the least, however. No, what puts 
Wolszczan in his intriguingly contradic-
tory mood are the planets themselves. 

Earth leads a charmed existence, 
circling a stable sun that provides just 
the right amount of warmth for life. The 
planets that Wolszczan found 22 years 
ago aren’t so lucky. They orbit a pulsar 
— a tiny, rapidly spinning stellar cinder 
that blasts them with ferocious surges of 
radiation. “There could be a permanent 
aurora lighting up the sky there from the 
wind of particles from the pulsar. Some 
of those particles could get down to the 
surface and blast it smooth,” he says. 
And the misery of the planets’ current 
existence pales in comparison with their 
traumatic birth, in the 100-billion-degree 
debris from a supernova that shredded 
most of the original star. 

More recently, Wolszczan has turned 
his attention to another class of doomed 
planets. He has begun finding and study-
ing worlds around red giants, elderly stars 
that have nearly exhausted their nuclear 
fuel. In a last spasm of activity, they 
swell up, brighten tremendously and shed 
enormous clouds of gas. Any planets 
circling a red giant would get baked and 
buffeted in the process. That fate awaits 
Earth in about 5 billion years, when our 
sun will join the ranks of the red giants. 
For the distant planets Wolszczan is 
scrutinizing, the future is now.

These areas of research set Wolszczan 
distinctly apart from his peers. Since 
his pulsar planet discovery in 1992, 
lots of other scientists have joined the 
search for worlds around other stars, but 
almost nobody else does it the way he 
does. He half-smiles: “I’m not exactly 
a mainstream person.” Today’s planet 
hunters tend to fixate on planets similar 
to Earth, eagerly touting newfound 
worlds that even vaguely resemble our 

I

 Worlds
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own in size, temperature or composi-
tion. My conversation with Wolszczan 
covers none of that. 

In an even, Polish-inflected cadence, he 
talks not about living planets, but about 
dying ones, dead ones and the ones that 
— in the case of the pulsar planets — 
have entered an uneasy afterlife. I come 
to think of the objects Wolszczan studies 
as ghost worlds. They are far removed 
from terrestrial standards of comfort and 
stability. They have, in a real sense, moved 
from one plane of existence to another. 
They are celestial oddities that most of 
his colleagues look right past, as if  they 
weren’t even there. All of those factors 
are exactly what makes them so fascinat-
ing to Wolszczan: They are the extreme 
cases that test the limits of how planets 
can form, and where they can survive.

It soon becomes clear that Wolszczan 
is concerned with living worlds after 
all — he just comes at the topic from 
the opposite direction. “The effects on 
planetary systems as stars age relates to 
the long-term survival of life,” he tells me. 
“It doesn’t concern only us. If  life is as 
abundant as some people think, then stel-
lar evolution has to be taken into account 
everywhere.” He sees a cautionary tale 
about the dangers to human survival, and 
yet the planets he studies have made him 
unexpectedly bullish on life’s cosmic pros-
pects. Hence the gloom. Hence the cheer.

TAMING THE WILD PULSAR
The journey to the ghost worlds began 
with a chunk of stolen time at the 1,000-

foot Arecibo radio telescope in Puerto 
Rico. Normally it was fully booked, but 
when Wolszczan visited in January 1990, 
the giant dish was sitting idle because 
it was under repair and could not be 
steered. He recognized a rare opportunity 
and arranged to perform a blind survey, 
letting Earth’s rotation bring different 
parts of the sky into view and then check-
ing out anything unusual that showed up. 

“You would see one particular spot 
in the sky for just 30 seconds, but with a 
telescope that big, that was good enough 
to discover lots of interesting things,” 
Wolszczan says. He calls it “cowboy 
science” — going for a ride just to see 
what’s out there.

Wolszczan’s roughly 10-day trot 
through the sky paid off quickly with 
the detection of a special kind of pulsar, 
called a millisecond pulsar, that rotates 
hundreds of times each second. At the 
time, it was only the fifth such object ever 
found. The pulsar now bears the designa-
tion PSR B1257+12 (PSR for pulsar, 
the rest indicating its sky coordinates), 
and Wolszczan affectionately refers to 
it as “1257.” But he was not feeling so 
affectionate back then as he attempted to 
explain the peculiarly irregular timing of 
radio pulses from this city-size star: “It 
was really a lot of pain because the pulsar 
didn’t want to fit any standard models. I 
just had to struggle with it.”

In short order, Wolszczan realized that 
the Arecibo data made sense if  a small 
object were pulling the pulsar back and 
forth, causing its signal to arrive a little 

early at some times, a little late at others. 
By June 1990 he was certain that an orbit-
ing planet was the only sensible explana-
tion, but it took painstaking analysis to 
prove that PSR B1257+12 actually has 
three planets, called A, B and C. 

He knew his results would be scruti-
nized closely: These would be the first 
confirmed planets beyond our solar 
system, found in a place where most 
people thought planets could not exist. 
Did he have any doubts before he went 
public? “No. That may sound a little bit 
strange, but pulsar timing is an extremely 
precise method,” he says.

In January 1992, Wolszczan announced 
his results at a meeting of the American 
Astronomical Society. Planets B and C 
are each about four times the mass of 
our world. Planet A is a mere 1/50th of 
an Earth mass, just slightly heftier than 
the moon. It is still, by far, the smallest 
known planet around another star. What 
followed was a wave of wonder and con-
fusion. A wide variety of influences, from 
Copernicus to Carl Sagan, had convinced 
astronomers that the galaxy must be full 
of other solar systems much like our 
own. Now at last, here was an airtight 
discovery of planets orbiting another star, 
and everything about them was all wrong. 
“Everybody expected planets around 
normal stars. They were wondering, 
‘What is going on?’ ” Wolszczan recalls. 

The inferred life story of PSR 
B1257+12 could hardly be more different 
from the story of our solar system. Our 
sun is middleweight and modest; the 

Alexander Wolszczan at the Torun Centre for Astronomy in Poland. In 1990, Wolszczan discovered the first worlds around another star using the 
Arecibo radio telescope (right) in Puerto Rico, the largest single radio dish in the world. 
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star’s expelled debris that did not develop 
enough speed to escape into space. That 
disk then condensed and gave rise to a 
new family of planets, composed of heavy 
elements created by the supernova.

WHOLE NEW WORLDS
With his discovery, Wolszczan earned 
himself  a place in the textbooks as the 
first person to find a new planet since 
the discovery of Pluto in 1930 (or, if  you 
grumpily dismiss Pluto as a mere dwarf, 
since the discovery of Neptune in 1846). 
But PSR B1257+12 A, B and C quickly 
faded from the public consciousness. 
They were simply too weird, too unex-
pected. “The discovery didn’t fit in the 
NASA plan for extrasolar planets. It did 
not fit in a very dramatic way, and that 
showed in the reactions of people,” 
Wolszczan says. Starting in 
1995, other astronomers 
found planets around 
nice, proper, sunlike 
stars. Most of the 

star that evolved into the pulsar started 
out massive and dazzling. Earth and its 
neighboring planets arose as part of the 
sun’s birth; the pulsar planets emerged 
from their star’s death.

Wolszczan sketches out a history that 
goes like this: In its youth, the star that 
became PSR B1257+12 had at least eight 
times the mass of the sun. Goaded by the 
force of its prodigious gravity, it burned 
bright and hot, consuming the bulk of its 
nuclear reserves in just a few million years. 
At the end of its life, the star exploded as 
a supernova, flinging most of its material 
outward violently. All that remained was 
an ultradense, fast-spinning fragment of 
the original star’s core — the pulsar. Any 
planets that might have existed in orbit 
before the supernova were eradicated in 
the conflagration. But the star’s transfor-
mation was not yet complete.

A disk of gas formed around the 
pulsar, originating either from a nearby 
companion star, or from the so-called 
supernova fallback material — part of the 

scientific attention soon turned that way. 
But quietly, in the background, ghost 

worlds kept getting more intriguing. In 
1993, Stephen Thorsett, then at Caltech, 
identified a planet-mass object circling 
another pulsar, called PSR B1620-26. 

Planet PSR B1620-26 b is a totally 
different kind of  world from the ones 
Wolszczan found. It is two and a half  
times the mass of  Jupiter, more than 
100 times as weighty as Wolszczan’s 
planets. Its orbit is radically different, 
following a huge 100-year path that 
carries it around both the pulsar and a 
separate companion star. Finally, with 
about 12.7 billion years under its belt, it 
is the oldest planet known, prompting 
the nickname “Methuselah” (which, 
let’s face it, has more music than “PSR 

B1620-26 b”). Methuselah is 
almost certainly a captured 

world, snatched from 
that companion star. 

Then in 2011, 
a team of  radio 

Pulsar PSR B1257+12 (top 
left) blasts its planets with 
radiation in this illustra-
tion. The radiation beam 
(inset) is powered by the 
dead star’s magnetic field. 
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As a red giant star expands, it can engulf and vaporize any planet that orbits too close.

astronomers led by Matthew Bailes of 
Australia’s Swinburne University of 
Technology found a third planetary 
system around a pulsar, one unlike 
either of  the previous two. This time the 
planet has a mass similar to Jupiter’s 
but a density at least 10 times as great 
— denser than lead. That tremendous 
heft “provides a clue to its origin,” 
Bailes noted at the time. No normal 
planet could pack so much mass into 
such a small space. Most likely, planet 
PSR J1719-1438 b is all that remains 
of  a close-orbiting star that was mostly 
devoured by the pulsar’s birth explo-
sion, leaving only its compressed core 
behind. If  Bailes is correct, the planet’s 
outer layers consist of  carbon, probably 
in crystalline form. You know crystal 
carbon by a more common name: 
diamond. That’s right, the pulsar is 
wearing a diamond planet. 

No additional pulsar planets have been 
found, leaving something of a mystery: 
three examples, three completely separate 
kinds of planets. Wolszczan suspects 
plenty more systems like his original 1257 
exist out in the galaxy, but their planets 
are too small to show up in today’s radio 
searches. He has sketched out plans to 
return to Arecibo and find them, but that 
will take a lot of telescope time. For now, 
he has turned his attention to another, far 
larger class of ghost worlds. 

ROASTED REMAINS
Only the most massive stars evolve into 
pulsars, and such stellar bigwigs are 
rare. Roughly 97 percent of the stars 
in the Milky Way are smaller ones that 
take another evolutionary path, leading 
eventually to the red giant stage and 
continuing beyond. A mainstream star 
like the sun grows gradually brighter and 
hotter as it ages (it’s happening right now) 
until the final spasm that inflates it into a 
red giant. In short order, astronomically 
speaking, the red giant blows off its outer 
layers and leaves behind a white dwarf — 
essentially the naked heart of the star — 
which slowly cools to eternal blackness. 

If  you want to understand what 
happens to most dying, dead and reborn 
planets, red giants are the place to start. 
Wolszczan has shifted much of his 
attention in this direction, and he enlisted 
a variety of collaborators to help. Since 

2004, they’ve looked at a set of about 
a thousand stars, mostly red giants. “If  
we start detecting planets around stars 
like that, we can tell what happens to 
planetary systems when their stars begin 
to evolve and lose mass and swell up and 
do all those unpleasant things,” he says.

Wolszczan and others have already 
found more than 40 planetary systems 
around red giants, allowing them to 
sketch out how the same process will 
play out here at home. As the sun grows 
more luminous, the solar system’s 
habitable zone will shift outward. Earth 
will overheat in about a billion years, 
but Mars will become balmy. Then the 
moons of Jupiter and Saturn will melt, 
with Europa and Titan turning into 
temporary ocean worlds. At the sun’s 
ruddy peak, it will radiate so much 
energy that even Pluto will reach comfy 
temperatures, according to Alan Stern, 
leader of the New Horizons mission that 
is heading there next year.

The red giant phase is make-or-break 
time for planetary survival. As the star 
sheds its outer layers, it becomes less 
massive, loosening its gravitational grip. 
In response, the planets migrate outward 
into new orbits, potentially turning the 
whole system chaotically unstable. “You 
may get really dramatic evolution in the 
system, including orbit crossings, planet 
collisions and all kinds of interesting 
things,” Wolszczan says. All the while, the 
star also keeps expanding, threatening to 
consume its children. 

Wolszczan has seen these outcomes, 

planets with highly oval orbits, or others 
persisting only as phantom gas clouds in 
their star’s outer layers. The data do not 
yet definitively show which way Earth will 
go. Probably it will survive as a ball of 
rock, but thoroughly sterilized. Mercury 
and Venus will almost surely be vaporized 
— about as ghostly as you can get. 

Wolszczan and colleagues recently 
caught both possible outcomes at work 
around a red giant star called BD+48 
740. In a 2012 paper, the researchers 
report that the surface layers of BD+48 
740 contain high levels of lithium, an 
element common in planets but almost 
never seen in stars. They interpret the 
lithium as the chemical remains of a 
cremated planet. At the same time, one 
major planet, slightly more massive 
than Jupiter, still orbits the star, but on a 
disturbed, elongated path.

LIFE POST-APOCALYPSE
The story is getting pretty grim. What 
about Wolszczan’s upbeat musings on 
a universe full of inhabited worlds? I’ve 
been chewing on that question since I 
came across a provocative paper about 
searching for life around white dwarf 
stars. Two things immediately jumped 
out at me. First, the paper suggests that 
there could be habitable planets around 
white dwarfs — during the dead-end 
stage that comes after the inferno of the 
red giant. Second, the lead author is Avi 
Loeb, a creative and extremely well-
respected theorist at Harvard University. 
This is not crank speculation. 
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Even white dwarfs, the tiny leftovers of red giants, could theoretically host habitable planets.

“There are clearly debris disks around 
white dwarfs, and this material can, in 
principle, condense to make planets,” 
Loeb explains. “So the question is, 
then, if  there are planets, some of  them 
rocky, around the white dwarf, could 
they have life?” A billion years after a 
white dwarf  forms, he notes, it has a 
temperature similar to that of  the sun. 
It is much smaller and fainter at that 
point, but if  planets formed in tight 
orbits — about 100 times closer than 
Earth’s orbit around the sun — they 
would get enough light and heat that 
life could take hold. He is talking 
about a second genesis: new worlds 
born from the ashes of  the old, new 
life emerging from the wreckage of  a 
sterilized planetary system. 

White dwarfs keep cooling, so even 
if  a planet started out balmy, it would 
gradually sink into deep freeze. Still, 
habitable conditions could persist long 
enough (hundreds of millions of years, 
at least) for life to get restarted. The 
process could happen even faster if  life 
never really went away. Organisms might 
hop from world to world through an 
evolving planetary system, either moving 
deliberately or spreading accidentally as 
a result of asteroid impacts. They would 
migrate outward during the star’s path to 
red giantism, then sharply inward once 
the white dwarf emerges. 

Loeb’s ideas about white dwarfs are 
surprising, but I am downright floored 

to learn that Wolszczan has considered 
the possibility of  life on his pulsar 
planets. “If  you look at the astronomy 
textbooks, they say there is no way life as 
we know it can be supported on planets 
like that,” he says. He’s not even a little 
deterred; he learned long ago to think 
past the textbooks. 

He imagines the planets might have 
powerful protective magnetic fields, and 
creatures on the surface would lumber 
around in thick, radiation-resistant 
armor. It turns out that Wolszczan has 
a vibrant, almost animist view of the 
universe. “My thinking is that life is 
just another planetary property, like the 
planet having an atmosphere, continental 
drift, volcanoes, a greenhouse effect, the 
right location with respect to a star,” he 
says. “Life is part of the business, one 
of the many properties that we may or 
may not have depending on the initial 
conditions. It’s that simple.” Ghost worlds 
are the places where the properties are 
unfavorable, but even there, he imagines 
life might still find a way to take hold.

His pessimism is directed not at life 
on the grand scale — he is concerned 
much more specifically about the little 
tribe of humans huddled here on Earth, 
about surviving the next five centuries 
rather than the next 5 billion years. “We 
are governed by evolutionary principles. 
Everything we do is a struggle to elevate 
ourselves above everybody else; you want 
to squash everybody else,” he says. “The 

big question is: Is there a way to break 
through that? To become something that 
can exist in the universe without the per-
manent danger of getting extinguished?”

In that context, Wolszczan’s studies 
of pulsars and red giants serve both as 
inspiration and warning. He has staked 
out a line of work where he is required, 
day in and day out, to adopt what he calls 
a “cosmic perspective” on the world. Not 
everyone has that luxury, but if  more 
people can share at least some of that 
perspective — call it the trillion-mile-high 
view — then we have a shot of transcend-
ing the petty competitions that pit us 
endlessly against one another. And if  
not, the alternative is not pretty: “We are 
going to be replaced by something else 
unless we do something to break out of 
this evolutionary train.”

We’ve finished dessert, and while 
Wolszczan takes a contemplative pause, 
I scan the dining room, trying to see 
it through his eyes. Everyone looks so 
happy, so animated, so … oblivious. 
Maybe he’s right. Maybe there is no need 
to search far off into space and time to 
find a ghost world. The next ghost world 
could be our own.  D

Corey S. Powell, editor at large of Discover, 

writes the magazine’s Out There column and 

blog. Follow him on Twitter, @coreyspowell

RED GIANT AND OUR SUN
If our sun were the size of the red dot 

below, a typical red giant would be 
the size of this yellow circle.

WHITE DWARF AND OUR SUN
If our sun were the size of this red circle, 

a typical white dwarf and our home 
world would be the size of the dots. 

    Sun

White dwarf Earth

Red giant

Sun

http://worldmags.net/
http://worldmags.net/


44  DISCOVERMAGAZINE.COM

TRIAL
ANDERROR

http://DISCOVERMAGAZINE.COM
http://worldmags.net/
http://worldmags.net/


November 2014  DISCOVER  45

SC
IE

N
CE

 P
HO

TO
 L

IB
RA

RY
/C

O
RB

IS

For 50 years,  
scientists have ignored widespread  

cell line contamination,  
compromising medical research.  
Why are they so slow to fix it?

BY JILL NEIMARK
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In June 2007, all that changed. Ain attended the annual 
Endocrine Society meeting in Toronto, where Bryan Haugen, 
head of the endocrinology division at the University of 
Colorado School of Medicine, told Ain that several of his most 
popular cell lines were not actually thyroid cancer. One of Hau-
gen’s researchers discovered that many thyroid cell lines their 
laboratory stocked and studied were 
either misidentified or contaminated by 
other cancer cells. Those included some 
of Ain’s. They were now hard at work 
unraveling the mystery.

There was a disaster brewing — it 
just wasn’t yet official.

Ain was shocked, and justifiably so. Research based on such 
false cell lines would undermine the understanding of differ-
ent cancers and possible treatments, and clutter the scientific 
literature with bogus conclusions.

“At first I thought perhaps their samples were contaminated, 
not mine,” Ain recalls. “So I undertook systematic thawing and 
genotyping of all my lines.”

He found that 17 of the 18 most frequently shared KAT lines 
were imposters.

It was only a matter of time before Ain figured out what went 
wrong. “Early in my career,” says Ain, “the head of radiation 
oncology at UCLA, Guy Juillard, created a number of cancer 
cell lines. He generously shared a few of the thyroid lines with 

me. And it turns out that from the beginning those original 
lines were likely melanoma and colon cancer.” Both grow rap-
idly and can easily overtake slower-growing thyroid malignan-
cies. Human error — a researcher working on two lines at the 
same time, a pipette used more than once, two scientists sharing 
the same incubator or lab space as they worked — had likely 

led to the original contamination 
and all the lines subsequently 
contaminated in Ain’s and other 
laboratories around the country.

But rampant contamination is 
not the shocker in this story. Ain 
retired all the lines; he never sent 

any of them out again. He also sent letters to 69 investigators 
in 14 countries who had received his lines. He heard back from 
just two.

Across different fields of cancer research, up to a third of 
all cell lines have been identified as imposters. Yet this fact is 
widely ignored, and the lines continue to be used under their 
false identities. As recently as 2013, one of Ain’s contaminated 
lines was used in a paper on thyroid cancer published in the 
journal Oncogene.

 “There are about 10,000 citations every year on false lines 
— new publications that refer to or rely on papers based on 
imposter (human cancer) cell lines,” says geneticist Christopher 
Korch, former director of the University of Colorado’s DNA 
Sequencing Analysis & Core Facility. “It’s like a huge pyramid 
of toothpicks precariously and deceptively held together.”

Toxicologist Thomas Hartung of the Johns Hopkins Bloom-
berg School of Public Health in Baltimore agrees: “Clinical 
drug trials in general are very well designed. They fail too often 
because we’re simply betting on the wrong horses in the first 
place. It’s a disaster.”

Like Edgar Allan Poe’s famous purloined letter, the problem 
of rampant laboratory contamination is out in the open for 
all to see, widely acknowledged by the National Institutes of 
Health (NIH), the National Cancer Institute, major journals 
and innumerable bench scientists. Yet efforts of concerned 
scientists have failed to stanch the tide. 

“I now give regular lectures about cell line contamination,” 
says Ain, “and every last person in the audience is shocked 
and horrified. But most scientists are not willing to test and 
verify their lines. The NIH doesn’t require it. Very few journals 
require it. And I can tell you that many scientists are reluctant 

IN THE FIELD OF THYROID CANCER, 58-year-old Kenneth Ain is a star. As director of 
the thyroid oncology program at the University of  Kentucky at Lexington, Ain has one of  the 
largest single-physician thyroid cancer practices in the country and more than 70 peer-reviewed 
publications to his name. Until recently, Ain was renowned for a highly prized repository of  18 
immortal cancer cell lines, which he developed by harvesting tissue from his patients’ tumors 
after removal, carefully culturing them to everlasting life in vials. Laboratories around the world 
relied on the “Kentucky Ain Thyroid,” or KAT lines, both to gain insight into cellular changes 
in thyroid carcinoma and to screen drugs that might treat the disease, which strikes more than 
60,000 Americans each year.

Kenneth Ain, a thyroid cancer physician and researcher at the Univer-
sity of Kentucky, found that many of his cell lines were contaminated.

ACROSS DIFFERENT FIELDS 
OF CANCER RESEARCH, UP TO A 
THIRD OF ALL CELL LINES HAVE 

BEEN IDENTIFIED AS IMPOSTERS.
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to disembowel their curriculum vitae, even after they find out a 
cell line is false. What is an ethical researcher to do?”

TOO BIG TO FAIL
Cell lines are the workhorses of biology, routinely stocked and 
studied in every laboratory to understand cellular pathways, 
receptors, targets, hormones, and all aspects of normal and 
malignant physiology. “There is no cancer drug in current use 
that was not first tested in a cultured cell model,” says molecu-
lar geneticist Michael Gottesman of NIH. “Cell lines are an 
immortal, tissue-specific, physiologic test tube,” he says. “We 
need to know precisely which cell a culture represents.”

When cell cultures were first crafted in 1907, they seemed 
to defy nature. Researchers coaxed cells to life in a broth of 
nutrients in hanging contraptions made of glass slides. By 1943, 
scientists had established the first cell line in mice. 

The most studied and cherished cell line in all of biology is 
HeLa, cultured in 1951 from the strange, soft, purple cervical 
cancer of a young woman, Henrietta Lacks. The HeLa line 
proved extraordinarily robust. Viruses can multiply a million 
times in a few days in rapidly growing HeLa cells. HeLa 
allowed researchers to study polio, measles, papilloma virus 
(HPV), HIV and tuberculosis; it was used to create the first 
human-mouse cell hybrid, and even sent into space. It has 
played a role in more than 70,000 studies. 

HeLa is also, unfortunately, the most common cell line 
contaminant, responsible for more than 20 percent of contami-
nated cell lines. This is not news: The first widespread HeLa 
contamination was identified in 1967, when geneticist Stanley 
Gartler of the University of Washington typed 18 different 
human cell lines. He found that every one was actually HeLa. 

The HeLa discovery was just the beginning. Work on 
contaminated esophageal cancer lines has led to more than 100 
scientific publications, 11 patents, three NIH research grants 
and ongoing clinical trials involving cancer patients. The cell 
lines were actually lung, colon and stomach cancers. A much-
studied breast cancer line turned out to be melanoma and, 
according to Belgian biochemist Marc Lacroix, was assumed 
by scientists to represent a late-stage breast cancer with an 
unrivaled ability to metastasize. In truth, says Lacroix, unlike 
the melanoma it really was, “this particular metatastic behavior 
is rarely seen in breast cancer progression.”

RISK OF EXPOSURE
Exposing contaminated cell lines cost Walter Nelson-Rees  
his career. He was an expert in culturing human and animal 
cells at the University of  California, Berkeley, and ran a cell 
line bank in Oakland. From 1975 to 1981, he published a 
series of  articles in Science outing contaminated lines and 
naming the laboratories where they had originated. His angry 
colleagues called his publications a “hit list.” In an editorial, 
Nature’s editor-in-chief, John Maddox, railed against  
“self-appointed vigilantes.” 

Nelson-Rees’ work made it clear that HeLa contamination 
was far from the only problem. Eventually, the NIH terminated 
his contract, and he became so isolated from his peers that he 
left science and became an art dealer.

Above, containers of cultured HeLa cells are stored on shelves in an 
incubation cabinet. The cells are grown in the incubator in different 
concentrations in a culture medium. HeLa cells grow rapidly and have 
proven invaluable to all kinds of research. But their fast growth can be 
problematic. Below, HeLa cells, with proteins labeled in blue and DNA  
in red, are responsible for over 20 percent of cell line contaminations.

http://worldmags.net/
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In 2007, a 77-year-old retired cell biologist named Roland 
Nardone decided to spend the final chapter of  his life end-
ing the rampant contamination. Supported by 18 other cell 
biology experts, he drafted a widely distributed “white paper” 
calling for an end to contamination. Chastened, top officials 
with the federal Office of  Research Integrity sent out an email 
to 45,000 scientists, exhorting them to test their lines to be 
sure they were authentic.

By that time, the cost of validating cell lines had dramatically 
fallen, and the power of the testing technology had dramati-
cally increased. A nearly foolproof form of DNA fingerprinting 
called short tandem repeat (STR) — sequences of DNA that 
are highly variable from one individual to another and therefore 
useful for DNA profiling — was increasingly popular. Forensic 
pathologists often use the technique to fingerprint DNA from 
blood at a crime scene. It works exactly the same way in bench 
science. If  two cell lines share the same STR fingerprinting 
result, they are indeed the same. According to chemist John 
Butler, a former group leader with the National Institute of 
Standards and Technology, the chance of two cell lines coming 
up with the same STR fingerprinting profile is 1 in 100 million. 
“Scientists need to follow the fingerprinting where it leads,” says 
Butler. “If  it’s not what you expect, it is not a problem with the 
fingerprinting. It’s a problem with the sample.”

But the NIH did not require fingerprinting for its grants, 
and so nothing changed. In 2009, immunologist Linda Miller, 
then executive editor at Nature, penned an unsigned editorial 
blasting funding agencies for allowing cell line contamination 
to continue. Miller suggested a global database of STR-
fingerprinted cell lines. But her salvo went nowhere.

Today, cell lines known for nearly 50 years to be imposters 
are still in wide use under their assumed names — wrong 
identities regularly invoked in peer-reviewed publications. 
How can this be?

A SISYPHEAN TASK
It’s just too damn hard.

How do you dismantle the false lines of an entire field? And 
just how long does it take to clean up one ordinary laboratory? 
Years. Ask Rebecca Schweppe, who in 2006 was recruited by 
endocrinologist Haugen to join the team of thyroid cancer 
researchers at the University of Colorado School of Medicine. 
Her expertise was in melanoma, which shares some features 
with thyroid cancer, including much-studied mutations in a 
gene known as BRAF.

Schweppe had no idea that her work was going to set off  
an avalanche powerful enough to reshape the field of thyroid 
cancer. Soon after she arrived, she ran an experiment on six dif-
ferent thyroid cancer lines, but her results came back impossibly 
clean: Three lines gave one identical result, and the other three 
gave another identical result. “I thought maybe I had only two 
thyroid lines, not six — that a number of them were misnamed 
and were actually redundant.”

Schweppe then turned to geneticist Korch, of the university’s 
DNA sequencing center. Korch was obsessed with cell line 
contamination. A 70-year-old Swede with silvery hair, neatly 
trimmed beard and gentle features, Korch has helped unmask 

1. The STR fingerprinting process 
begins by extracting DNA from a 
cell line culture. 

2. Sections of the extracted DNA 
are copied using a technique 
called polymerase chain reac-
tion (PCR), then treated with 
fluorescent dyes. The different 
fluorescence colors — blue, yel-
low or green — identify different 
STR regions.

3. An electrophoresis machine 
separates the STR fragments 
by size and compares them to 
reference fragments, in the 
bands at the bottom. 

4. Software determines the 
number of repeats and uses that 
to create a unique table of num-
bers, essentially a “bar code.”

Scientists use fingerprinting to validate their cell lines. They rely 
on a nearly foolproof form called short tandem repeat (STR).

Cultured cell line

How It Works: DNA Fingerprinting

Extracted
DNA

Fluorescently  
labeled 
primer pairs

DNA “bar code”

Gel electrophoresis
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more than 78 imposters since 2000.
Korch fingerprinted Schweppe’s lines 

and found that indeed there were only two. 
Schweppe and Haugen, worried that the 
contamination had occurred in their lab, 
asked colleagues to send them a fresh batch 
of the same six lines. “They turned out to be 
identical to our two lines,” and therefore false, 
says Schweppe.

But nobody yet knew what the cells actually 
were, since fingerprinting does not tell a scientist 
the origin of a cell. Without an original tissue 
sample to compare the cells to, the provenance 
of Schweppe and Haugen’s mysterious cells 
could remain forever uncertain. One can only 
pore through online databases, comparing 
their STR bar codes to the thousands that have already been 
fingerprinted, hoping to find a match.

Schweppe started searching the American Tissue Culture 
Collection (ATCC) database of nearly 1,200 fingerprinted 
human cell lines, both normal and malignant, from tissues, 
organs and tumors. It was as nerve-wracking as trying to find 
someone who had vanished into a witness protection program.

“One Friday at midnight,” says Schweppe, “long after my 
husband and kids had gone to sleep, I was at the computer once 
again, searching the database, and found a match for one of 
our lines.” The ATCC called it breast cancer, but STR finger-
printing revealed the cells were actually melanoma cells. And 
they were an exact match for three of Schweppe’s false thyroid 
cancer cell lines.

So does it matter? Yes. Those false lines were used in the early 
trials of two drugs that were later tested in human patients 
with thyroid cancer. One, called bexarotene, had no significant 
benefit in 17 patients after a year, according to University of 
Colorado School of Medicine oncologist Joshua Klopper, the 
study’s lead author. “I’m not sure we would have moved ahead 
with the trial had we found out the truth earlier,” he says.

The other drug studied, vemurafenib, also failed; thyroid 

cancer patients are generally resistant to the drug. “If  we had 
still been working with melanoma cell lines, thinking they 
were thyroid cancer,” Schweppe says, “we wouldn’t know why 
thyroid cancer patients were not responding in the clinic.”

HALF WERE FALSE
Schweppe and her colleagues fingerprinted the remaining 
thyroid cancer lines. In fall 2008, they reported that 17 of 40 
widely used lines were imposters. During the years they were 
compiling their results, Schweppe would warn other scientists 
when she knew they were researching on false lines. But until 
her team’s results appeared in a peer-reviewed journal, it was 
difficult to get the word out. She even served as a reviewer for 
papers using the false lines, but couldn’t say a word. “I hated 
it,” she recalls.

She and the lab then won part of a $1 million grant to 
characterize the remaining good lines and to establish new lines 
from thyroid tumors. “It’s very hard to create a new line,” says 
Schweppe. “We worked on it for two years and produced only 
two new cell lines.” 

When head and neck cancer surgeon Jeffrey Myers at the 
University of Texas MD Anderson Cancer Center read her 
paper, he realized he too had published on one of the false 
lines. It took Myers three years to clean up his own laboratory. 
“I sent every cell line we had to be fingerprinted. My head 
technician, Mei Zhao, spent three years of her career doing 
nothing but unfreezing cell line stocks and sending samples of 
DNA for fingerprinting.” 

Myers tossed out 4,000 vials, and contamination forced 50 
lines into retirement. “We rebuilt and fingerprinted the entire 
stock with more than 70 new head and neck cell lines from 
their original source laboratories,” says Zhao. 

Even then, with a completely clean lab highly focused on 
meticulous technique, a new contamination struck in 2013 — 
something Myers identified when several different cell lines 
showed up with exactly the same mutation. The cause of the 
contamination remains a mystery. Zhao thinks the most likely 
possibilities are a labeling error or cross-contamination. “I 
was shocked to learn that contamination can even occur under 
close watch. Scientists need to develop standard and reliable 
methods to solve these issues fundamentally,” says Zhao.

Geneticist Christopher Korch, of the University of Colorado’s DNA se-
quencing center, has helped uncover 78 imposter cell lines since 2000.

Exponential Errors
The most common response to news that a line is false, 
it appears, is simply to ignore it. Christopher Korch 
prepared a chart to demonstrate this using the cell line 
HEp-2, supposedly a cancer of the larynx, which has 
been shown repeatedly to actually be HeLa. Papers 
using HEp-2 as a larynx cancer are cited more 
and more often over the years — until suddenly, 
around 2006, the citations bloom. Korch says this 
is the case with numerous false lines: As time 
passes, they are cited and used more, not less.

http://worldmags.net/
http://worldmags.net/
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Myers sees contamination as an 
inevitable part of science, just as errors 
and complications are an inevitable 
part of clinical medicine. “Everybody 
thinks, ‘Our lab is not sloppy, so noth-
ing will happen.’ But mistakes happen 
in every single lab. Our field needs to 
establish checklists, and post them in 
laboratories, and make sure everybody follows them.”

Today, MD Anderson urges all its scientists to fingerprint new 
cell lines as soon as they arrive in the lab and before publishing 
any data, and to complete an annual revalidation of all lines in 
their laboratories. Some universities and centers have their own 
sequencing facilities; others send cell lines to a contractor for 
$30 to $80 per sample. The results come back in a few days.

SLEIGHT OF HAND
In 2012, Korch was the lead author on a paper exposing 19 
false endometrial and ovarian cell lines. Two of those endome-
trial false lines had been highly prized because they supposedly 
were drawn from normal tissue, which can be invaluable for 
studying the earliest steps to malignant transformation — 
potentially helping prevent cancers.

Once fingerprinting has revealed a line’s true provenance, 
such as HeLa, scientists sometimes claim their line does not 
behave or look like HeLa (or melanoma, or colon cancer, or 
whatever cell has invaded their line). “People treat their lines 

like pets,” says Gartler, who outed 
HeLa contamination in the ’60s. 
“They feel that merely by looking 
through a microscope they will know 
their cells by sight.” 

But STR fingerprinting doesn’t lie. 
“This tool is extremely powerful and 
precise. It’s definitive,” he says. “If  

fingerprinting shows it’s HeLa, it is HeLa. Period.” 
Experimental pathologist John Masters of  University Col-

lege London tells of  a normal endothelium line that turned 
out to be bladder cancer, but researchers still refer to it as 
“endothelial-like” so they can use it in studies. (Endothelium 
cells line the interior of  blood vessels and lymphatic vessels.) 
“They clearly know that these are not endothelial cells, but 
to get around it and not admit they are bladder cancer cells, 
they call them ‘endothelial-like.’ I don’t know how they 
reconcile the sleight of  hand,” Masters says. “It is beyond my 
comprehension.” 

Korch believes some of the waffling scientists truly are 
innocent: They actually don’t understand fingerprinting. They 
are also, he thinks, too enamored of testing cells’ behavior and 
function. As Korch points out, cells change appearance and 
function as they grow on plastic and are chemically manipu-
lated while being studied. They also may mutate as successive 
generations are grown out over the years in different laborato-
ries. Behavior is not proof of origin.

A TARNISHED REPUTATION
In 2005, microbiologist Thomas Klonisch of the University of 
Manitoba created a highly prized “normal” uterine endometrial 
cell line, hTERT-EEC. It was a novel cell line to investigate 
the role of estrogen and progesterone in the endometrium, or 
uterine lining — including their role in endometriosis, miscar-
riage and cancer. “We hoped,” says Klonisch, “that researchers 
could use them to gain novel insights into important aspects of 
reproductive biology and the evolution of endometrial cancer.”

Three years later, Korch’s colleague, Andy Bradford, a molec-
ular biologist who studies gynecologic cancers, ordered three 
samples of the line. He sent them to Korch for fingerprinting as 
a matter of course. “I was very disappointed when they turned 
out to be breast cancer cells,” Bradford says. “Sometimes the 
truth sucks!” He asked Klonisch for another batch, hoping that 
perhaps his own lab had contaminated the first ones. But the 
new samples Klonisch sent were also breast cancer cells. After 
that, Korch and Bradford say, repeated emails to Klonisch went 
unanswered. During that time, research groups in at least three 
countries unwittingly studied and published papers on the line.

Klonisch struggles to explain why he did not immediately pay 
to fingerprint the line himself. One reason, he says, was the cost. 
At that time, the cost ranged from $67 to $475. “I offered to 
profile their samples as blind samples, with the identities sent to 
a neutral party ‘arbitrator,’ ” Korch says.

Klonisch felt he had a reasonable alternative. “We went 
through very extensive functional testing, and our data seemed 
to contradict that of Dr. Bradford. The uniqueness of our line 
meant that a lot was at stake. And our line did not seem to 

DAMAGE CONTROL 
Scientific integrity matters more than ever, and not just for 
cancer research. There is a rising tide of worry over the spike 
in fraudulent scientific papers.

• In the last 10 years, retractions of scientific papers have 
rocketed more than tenfold, while actual publications have 
increased by only 44 percent. — Nature, 2011

• The Office of Research Integrity, which pursues cases 
of scientific misconduct, received more than 400 allegations in 
2012 — double the average from 20 years before.

• In October 2013, Science correspondent John Bohannon 
published an article reporting a sting operation. He 
concocted a fraudulent scientific paper studded with anoma-
lies and ethical approval problems, and sent it to more than 
300 open-access peer-reviewed journals; more than half ac-
cepted the fake manuscript.

• Of 53 papers deemed “landmark” studies over the last de-
cade, only six held up and were reproducible. — Commentary 
in March 2012 in Nature by oncologist Lee Ellis

• “To be successful, today’s scientists must often be self-
promoting entrepreneurs whose work is driven not only by 
curiosity but by personal ambition, political concerns and 
quests for funding.” — Ferric C. Fang and Arturo Casadevall, 
editors-in-chief, Infection and Immunity  
 J.N.

HOW DO YOU DISMANTLE THE 
FALSE LINES OF AN ENTIRE 

FIELD? AND JUST HOW LONG 
DOES IT TAKE TO CLEAN UP 

ONE ORDINARY LABORATORY? 
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behave like breast cancer.”
How can scientists be so easily fooled by the behavior of a 

cell? “It’s the same concept as raising identical twins in different 
environments,” says Bradford. “They will look and behave 
differently, but their DNA remains the same.” If  a breast 
cancer line had silently contaminated Klonisch’s cell culture 
early on, it would have been subject to the usual technique for 
immortalizing a normal cell (which involves applying enzymes, 
antibiotics and antibiotic-resistant genes). The only breast 
cancer cells that would proliferate would survive every one of 
those chemical manipulations. They would emerge functionally 
different than an untouched breast cancer cell because their 
environment had so radically changed. 

In 2012, Korch, Bradford and colleagues published a paper 
detailing their false line and its breast cancer provenance. By 
May 2013, Klonisch did what a good scientist must: He offered 
corrections to the relevant journals, which have since published 
them. “My reputation was tarnished,” says Klonisch soberly, 
“and all my research in this field has been shut down. And we 
never intended any of this.” 

WINDS OF CHANGE
A global correction for cell line science has begun. In  
2012, Korch, Masters and 16 other scientists formed the 

International Cell Line Authentication Committee (ICLAC). 
They agreed on STR fingerprinting as the global standard for 
authenticating cell lines. The committee also set up a public 
database (found at iclac.org) of  all known false lines, which 
numbers more than 400. 

Recently, the top four cell line repositories, in America, Ger-
many and Japan, made plans to merge their online databases 
of cell lines validated through STR fingerprinting, with each 
fingerprint converted to a searchable genetic “bar code.” The 
consortium’s online tool (known as OSTRA, for Online STR 
Analysis) can be accessed online (bit.ly/1qzi5CU). 

As of this writing, at least 22 journals now require cell line 
authentication from authors. Norbert Fusenig, the Germany-
based associate editor of the International Journal of Cancer, 
notes that the journal has had a steady increase in submissions 
since 2012, when it began to require authentication. “Our 
impact factor, a common measure of a journal’s success, has 
increased,” he says.

In April 2013, Nature published more stringent requirements, 
in which every author had to report the source of a study’s cell 
lines and whether the lines had been verified recently. 

Immunologist Linda Miller, whose 2009 Nature editorial 
called for a global database of STR-fingerprinted lines, says, 
“Encouraging the community to authenticate, that’s the 
first step, but not the final step. Ultimately, it must become 
a requirement. Science, and the flow of money to scientists, 
depends on the public trust.”  D

Jill Neimark is a Discover contributing editor.

CITIZEN SCIENCE ALERT 
Help cancer researchers find a cure by classifying images of 
cells at DiscoverMagazine.com/Cancer

A researcher works with 
HeLa cells beneath a 
protective sterile hood, 
known as a laminar flow 
cabinet. Despite careful 
precautions such as these, 
cell contamination still 
regularly occurs in labs 
throughout the world.

http://iclac.org
http://bit.ly/1qzi5CU
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→Gary Stinchcomb walks into a 
Paleo-Indian dig site shaded by 

a canopy of  trees in Pennsylvania’s 
Lehigh Gorge State Park. He weaves 
past holes dug by looters hunting for 
pieces of  human prehistory: knives, 
scrapers, projectile points. 

At a tarp sheltering a 6-foot-deep pit, 
he stops and climbs into the hole. On the 
bottom are large boulders left behind 
by glaciers some 12,000 years ago. It 
was around that time that Paleo-Indians 
arrived in this part of the Lehigh Valley.

Stinchcomb, a geologist at Murray 
State University in Kentucky, is there 
looking for traces of a more recent past. 
He is searching for evidence that Earth 
has entered the Anthropocene, a new 
epoch defined by the idea that humans 
have surpassed nature as the primary 
shapers of the planet.

Scientists are divided over whether to 
formally recognize the Anthropocene, or 
the Human Age, as a bona fide geologic 
time period. To establish a new epoch, 
geologists usually have to find clear 
evidence in the rock record of a massive, 
planet-altering shift. Human-caused 
change is undeniable, but have we truly 
become master engineers of the planet? 

Stinchcomb believes he’s found a 
way to resolve some of  the debate. The 
clues for humanity’s entrance into the 
Anthropocene, he says, lie in the traces 
we’ve left behind in layers of  sediment 
and soil. What’s needed is a concerted 
effort to plot these imprints and use 
them to show when the epoch of  the past 
11,500 years, the Holocene, could have 
yielded to the Anthropocene. 

“I think there is a way we can go out 

and systematically map this stuff,” he says. 
“You need to start building the evidence 
so everyone can go out and say, ‘There it 
is; that is the Anthropocene boundary.’ ”

DIGGING THROUGH THE PAST
Rock and sedimentary layers hold 
the clues to understanding the major 
episodes in our planet’s 4.6 billion-year 
history. Take the Mesozoic period, 
which ended with the massive crash of 
an asteroid or comet into the Yucatan 
Peninsula 66 million years ago that is 
thought to have killed off  most dino-
saurs. Geologists found the evidence for 
the Mesozoic’s demise in a thin layer of 
iridium, a rare metal found on asteroids, 
isolated in the rock record at El Kef, 
Tunisia. The scientists who found it 
hammered a golden spike into a hillside 
to mark the boundary.

Proponents of the Anthropocene 

theory point out that few corners of the 
planet have escaped the mark of human-
ity. Factories, power plants and cars 
have spewed enough greenhouse gases 
to change the fundamental chemistry 
of the atmosphere. The gases trap heat, 
raising global temperatures. Bulldozers 
and excavators are now the globe’s prime 
earth movers — more so than rivers, 
glaciers, wind and volcanoes combined. 
About one-third of the world’s animals 
are threatened or endangered.

It may be enough to sift through 
human history, rather than dirt, to find 
“Year Zero” — the point when the world 
entered the Human Age. But Stinch-
comb thinks that to really lock in the 
Anthropocene, old-fashioned geology, 
combined with a bit of archaeology, 
offers the best hope.

Inside the excavated pit in the Lehigh 
Valley, he studies the walls. They 

Searching for  
the Human Age 
Geologists mine for rock-solid evidence of the Anthropocene.
BY GAYATHRI VAIDYANATHAN

Geologist 
Gary Stinchcomb 
points to a layer 
of 19th-century 
coal silt in an 
excavation pit 
in Lehigh Gorge  
State Park.

Notes
From
Earth
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resemble a layered 
cake. Each time the 

river flooded, it threw 
up a fresh layer of sediment 

onto the banks. He points to the 
river’s floods, captured in the strata. 

“The whole sequence is a series of 
ancient floods, some more extreme than 
others,” Stinchcomb says. “They indi-
rectly reflect what you have around you 
[at the time of the flood] — whether 
you’ve got vegetation cover and what 
type it is, for instance.” 

He picks up a trowel and scrapes 
sediment from a prominent layer near 
the top. The black contrasts sharply 
with the dull brown sediments of other 
floods. Stinchcomb and his colleagues 
have dated the carbon in the layer to 
the beginning of the Industrial Revolu-
tion in the 1820s. The source? Coal silt.

“It is one of  the earliest spots in 
Pennsylvania where coal mining really 
took off,” Stinchcomb says, pointing 
at a nearby mountain called Summit 
Hill. Miners there discovered the 
Mammoth coal bed in the 1700s and 
extracted it rapidly, floating the coal 
down the Lehigh River on flatboats. 
Some of  the material spilled and 
settled on the riverbed. When the river 
flooded, it threw coal silt onto the 
banks.

The resulting coal layer is as clear a 
geologic mark as a volcanic eruption. 
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Road 
networks 
superim-

posed onto 
an image  

of Earth show 
the extent 

of humanity’s 
reach across  

the globe.

Archaeologist Del Beck digs through the past of Pennsylvania’s Lehigh Valley in a pit at the 
Nesquehoning Creek research site.
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THE ONLY COMPREHENSIVE 
DESCRIPTION OF THE 
FORMATION OF WATER 
FROM GAS EVER PUBLISHED.
“Th e theory of Relativity was disproven when 
Edwin Hubble Discovered an expanding 
Universe. Years later it was learned Einstein 
had “fudged” his equation by introducing the 
now discredited “cosmological constant” to 
prove a contracting universe. In light of his 
confession, educators and the Astronomy 
community were in danger of “losing control 
of the game” so the establishment embraced 
“Th e Nebula Hypothesis”. Aft er spending large 
amounts of resources and man power they 
soon found accretion was deeply fl awed 
even aft er bending some of the rules of physics 
it was found, accretion could not be proven. 
Many Astronomers are now walking away 
from that train of thought and leaning in a 
new direction of planetary and water 
formation. Th e thermal reaction process 
“Th e formation of water and our solar system 
from a fi ssion process with an improved 
heliocentric model Th e AP Th eory”  
describes in detail how our solar system 
formed from the consequences of freezing and 
thawing of galactic gases and kinetic energy. 
Th is internationally acclaimed book with it’s 
controversial “bold truth” descriptions of the 
formation of our solar system, is sweeping 
through the Astronomy community like a 
fresh “growing spring rain” and is being 
embraced by many scientists and non 
scientists alike. Grounded in science; it dispels 
many myths and misconceptions by off ering 
a defi nitive description and chronological 
interpretation of how water and our solar 
system formed. Th e AP Th eory is an easy to 
read, one of a kind, essential book and a 
welcome literary addition. It chronologically 
describes exactly how and when Hydrogen 
and Oxygen became water and where the heat 
and pressure came from to forge the gases into 
H2O. Th e author off ers compelling evidence 
to prove gravity in not holding down our 
atmosphere but rather heliospheric gases of 
lighter atomic weight are. Th e AP Th eory is a 
good reference book for the latest astronomy 
facts and discoveries.”

Volume Discounts library & school sales
aptheory@aptheory.info

http://www.aptheory.info
mailto:orders@xlibris.com.au
mailto:aptheory@aptheory.info
http://Barnesandnoble.com
http://Amazon.com
http://worldmags.net/
http://worldmags.net/


54  DISCOVERMAGAZINE.COM

G
AY

AT
HR

I V
AI

DY
AN

AT
HA

N

Stinchcomb calls it an “anthropogenic 
event” — a geologic layer caused solely 
by humans.

If  scientists can identify enough of 
these human-derived layers within the 
last 10,000 to 12,000 years and zero 
in on when the most significant ones 
occurred, that point in time would be a 
good candidate for the Anthropocene 
boundary, Stinchcomb says. 

EVOLUTION OF A NEW AGE
Nobel laureate Paul Crutzen first posed 
the idea of  the Human Age at a geology 
conference in 2000. He put the birth 
date of  the new epoch at the period 
after the Industrial Revolution, when 
humans were causing massive shifts in 
the biosphere, triggered by coal produc-
tion. Scientists drilling ice cores out of 
Greenland have found lead from fly ash, 
a byproduct of  coal 
combustion, dating 
back to the era. 

Later, William Rud-
diman, an emeritus 
paleo-climatologist 
at the University of 
Virginia, placed the 
origins of the Anthro-
pocene at about 
5,000 years ago, when 
farmers in Southeast 
Asia were learning to 
irrigate fields to grow 
rice. When plants died and decomposed, 
they released methane, a potent green-
house gas. Ruddiman theorized that early 
farmers had released enough methane to 
warm temperatures globally.

The idea gripped Stinchcomb, who has 
a background in both archaeology and 
geology. After seeing Ruddiman lecture on 
his theory, “I kept asking myself, if people 
could have altered the climate that early, 
what else have they done?” he recalls. 

Yet another proposal for Year Zero 
came from a London-based group 
of scientists and geologists called the 
Anthropocene Working Group. They 
suggested the epoch began in the 1950s, 
when pollutants, plastic and — most 

notably — radioactive compounds from 
atomic explosions began accumulating in 
remote corners of the planet. 

The debate over Year Zero intensified. 
In 2009, Stinchcomb decided to settle the 
debate the old-fashioned way — with a 
shovel and a trowel — and began explor-
ing the pits in Lehigh Valley. 

Three years later, at the annual meeting 
of the Geological Society of America, 
Stinchcomb presented his theory to a 
standing-room-only crowd: Scientists can 

map out anthropogenic events captured 
in sediments in the earth, he said. 
The events would need to have a clear 
anthropogenic origin, like the layer of 
coal in the Lehigh River Valley.

Mapping anthropogenic events from 
the beginning of the Holocene to today 
would create a timeline of human impacts 
on Earth. If anthropogenic events cluster 
around a particular time period, that 
would be a strong contender for Year 
Zero, Stinchcomb told the crowd.

‘ASK ME IN A MILLION YEARS’
Some geologists, however, think it is too 
early in our species’s history to declare 
human dominance over the Earth. 

University of Cambridge stratigrapher 
Philip Gibbard, an expert on the Quater-
nary period encompassing the past 
2.6 million years, points out that a pan-
demic could decimate the population.

Cities would fall and buildings would 
crumble back into sediment, he says. 
The climate would reset after a few mil-
lennia. The rock record would contain 
evidence of  civilization, but it would 
only be a brief  spike, contained wholly 
within the Holocene.

To Gibbard, talk of a new Human 
Age is a bit premature. “Ask me in a 
million years,” he says.

Stinchcomb gets Gibbard’s point of 
view. After all, the layer of coal that 
Stinchcomb and his colleagues have 
excavated is very recent compared with 
the 4.6 billion-year history of the planet. 

“I think we have impacted the planet 
to a degree that is 
widespread and 
measurable,” he 
says. “[But] we are 
definitely not masters 
of this planet. We 
are still very much a 
species vulnerable to 
natural changes.”

Stinchcomb wants 
to see more scientists 
map localized 
anthropogenic events 
to create a “basket” 

of markers. With enough evidence from 
around the world, the debate over the 
Human Age could finally be settled.

Back in the Lehigh Valley, Stinchcomb 
follows the river upstream. He comes 
across a pile of clamshells and broken 
wine bottles. He plunges a long rod with 
a scoop at the end, called a split-spoon, 
into the ground, and brings up red brick. 
There had been a home here, probably 
when a coal town thrived nearby. Today, 
some red dust and debris are all that’s 
left. It was a minuscule moment in time, 
already taken over by the forest.  D

Gayathri Vaidyanathan, of Washington, 

D.C., covers environment and energy policy.

With enough evidence 
from around the world, 

the debate over the 
Human Age could be 

settled once and for all.

Coal silt from the Lehigh Gorge site fills 
a split-spoon, a tool used to remove 
cross-sections of soil. 
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→When Catharine Conley started 
her job at NASA, her predeces-

sor gave her a pair of dark Ray Ban 
sunglasses. It’s only fitting — Conley is a 
real-life version of the famously shaded 
title characters in the 1997 movie Men 
in Black. Part of her job as planetary 
protection officer is to keep Earth 
safe from alien life. But, as far as we 
know, Earthlings are the ones regularly 
hopping around the solar system, so 
most of her job is to protect aliens from 
the human race. 

When humans — or our robotic 
stand-ins — travel to new places, we take 
more than we think with us. It’s nothing 
new; biological stowaways have been 
hitching rides on terrestrial voyages for 
centuries. Christopher Columbus’ trip to 
North America brought deadly diseases 
that wrought havoc on the Native 
Americans. In the 1800s, British rabbits 
were released into the wild in Australia, 
and they’ve been a multimillion-dollar 
nuisance to farmers ever since. And the 
winding, climbing kudzu plant, native 

Before its 2011 launch, the Curiosity Mars 
rover (top) underwent $10 million worth 
of sterilization efforts to prevent biological 
stowaways from “infecting” the Red Planet. 

Alien Protection Plan
It’s natural to worry about contamination from aliens, but who worries about 
sheltering them from us?  BY SHANNON PALUS
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to Japan, chokes other plants in the 
Southern U.S. “We have enough experi-
ence on Earth to know that unexpected 
things can happen,” Conley says.

With the launch of the Russian satel-
lite Sputnik in 1957, and the promise 
of traveling into outer space, came 
the realization that if  anything were 
growing out there, our arrival might 
upset its biology. A space-age species 
invasion could damage not just alien 
organisms, but also the opportunity to 
study them properly. Most benignly, 
spacecraft stowaways could make for a 
tough sorting game — is this creature 
an Earthling or Martian? — or be 
mistakenly identified altogether. Worse, 
Earth organisms could infect or kill the 
alien ones that we went through so much 
trouble to visit. 

In 1958, the International Council for 
Science formed the Committee on Space 
Research (COSPAR), whose objectives 
include protecting other planets from 
accidental invasion by us, plus whatever 
tagged along with us. Today, each major 
space agency has a scientist assigned to 
look out for the well-being of potential 
alien life. Conley is NASA’s. 

GET A SPACE LIFE
Being a champion of aliens’ rights 
wasn’t exactly the career Conley planned 
for, even though she’d always felt a con-
nection to space. (Her mathematician 
father, a consultant for NASA, actually 
had her run in circles in the backyard 
with her brother to help map orbits.) 
In college in the 1980s, Conley briefly 
studied physics, but was soon lured away 
by a fascination with the living world. 

Meanwhile, space exploration 
continued, with its own biological focus: 
The Viking landers arrived on the Red 
Planet in 1976. Martian fever was at its 
peak, and hopes for finding life-forms 
were high, as was concern that we might 
destroy or “overprint” them, erasing 
any record of their origin. A full 10 

percent of the Viking mission’s cost 
went to making sure the lander didn’t 
bring any stowaways. Every component 
was baked in an oven at a few hundred 
degrees Fahrenheit, assembled in a clean 
room and shipped to the launch pad in a 
“bioshield.” The Viking probes’ cleaning 
was largely in vain: They arrived on the 
planet and reported that Mars is not 
overgrown with life. Instead, it turned 
out to be harsh and hostile.

But that doesn’t mean you can count 
life out. If  there’s anything Conley’s 
education — culminating with a Ph.D. 
in plant biology — proved to her, it was 
the tremendous range of life on Earth. 
She didn’t know it, but she was training 
for her eventual job when she investi-
gated the limits of that range.

Those limits are often surprising. 
Her postdoctoral work, on the proteins 
used in movement, brought Conley 
to the NASA Ames Research Center 
in California, where she designed an 
experiment for space shuttle Columbia, 
studying how tiny worms called 
nematodes adapt to zero gravity while 
in orbit. Unfortunately, it was not to 
be, since Columbia disintegrated while 
re-entering the atmosphere in 2003. 
But Conley learned that her worms 
survived the disaster. Amid the tragedy, 
she saw firsthand that life can endure 
in unexpected ways. The experience 
made her uniquely qualified for her 
future job, she says.

In 2006, she arrived at NASA’s D.C. 

headquarters to spend a year with 
then-Planetary Protection Officer John 
Rummel to learn the administrative 
side of astrobiology work: how to plan 
and oversee elaborate projects and 
allot research money. But shortly after 
she arrived, Rummel was promoted to 
senior scientist for astrobiology. “This 
left me more or less holding the bag for 
planetary protection, and so I stayed 
on,” Conley says. It’s a job that’s big and 
important, even kind of glamorous, but 
“it takes a fairly unusual combination of 
skills,” she explains.

From her office in Washington, 
Conley now delegates funding to 
planetary protection projects, worries 
over COSPAR regulations, develops 
policy and has a hand in every single 
piece of equipment that NASA launches 
toward a planet or asteroid. Sometimes, 
protecting the aliens is easy: Anything 
headed to a place too cold for Earth life 
to “wiggle its molecules around” — such 
as Saturn’s cratered moon, Dione — has 
virtually no COSPAR requirements to 
clear. The same goes for asteroids, which 
are overexposed to harsh solar radiation. 

But Mars, despite Viking’s assess-
ment, still hints at life: Scientists imagine 
a possible world of microbes, squirming 
around, waiting to be discovered. 
Conley’s biggest concern is that Earth 
life could ruin any opportunity to learn 
about such creatures. We need to protect 
those potential Martians, but doing it 
right costs money. Thoroughly cleaning 

Even though 
the Viking 
landers 
didn’t detect 
any life 
on Mars in 
1976, scien-
tists remain 
concerned 
about “in-
fecting” the 
Red Planet 
with stow-
away Earth 
microbes.
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will go to Mars, and “you can’t steril-
ize a human,” Fairen argues. We’re so 
intertwined with microbes that biology 
writer Ed Yong describes himself  as 
“trillions of microbes in a human-
shaped sack.” But even so, Conley says, 
we can take precautions. 

For now, she does a lot of traveling 
here on Earth, visiting other NASA labs 
or one of her international counterparts. 
When she tells her plane seatmates 
what she does, some understand. Some 
express interest or approval. Others 
worry that regulations might get in the 
way of doing science. And the rest? 

the latest Mars rover, Curiosity, cost 
$10 million. (The mission total was 
$2 billion.) To Conley, of course, it’s a 
worthwhile bargain. 

EARTH ATTACKS!
Not everyone agrees. In summer 2013, 
Cornell astrobiologist Alberto Fairen 
wrote an editorial in Nature Geoscience, 
voicing concerns that had crystallized 
with Curiosity’s launch. 

Fairen thinks that without the cost of 
cautious planetary protection measures, 
NASA could do even more to search 
for other organisms. Unnecessarily 
strict standards are preventing us from 
finding Martians, he says; we’re so 
worried about them that we’re avoiding 
them altogether. Plus, the whole issue 
of sterilizing our probes is moot. “We 
know for sure that we have already 
brought microorganisms to Mars,” 
Fairen explains. Despite Conley’s efforts, 
clean-room swabbing revealed some 
150,000 heat-resistant microbes hitched 
a ride on Curiosity — a relatively small 
number, but still greater than zero. 

Most were probably killed en route to 
the Red Planet. But, “given that some 
survive, what is likely to happen from 
that point on?” asks Andrew Schuerger, 
a University of Florida biologist who 
gets funding from Conley. 

Schuerger tests how well Earth 
microbes survive in Martian conditions. 
The single-celled organism Serratia 
liquifaciens turns out to be spectacularly 
hardy, surviving in the harshest of 
environments. Weirdly, it’s also very 
common: It’s been spotted in ponds, on 
plants, even everyday cheese. It could be 
in your mouth right now, and — dead 
or alive — it has certainly hitched rides 
to Mars. If  it made the trip, all it needs 
to survive is some water and some form 
of protection from the harsh ultraviolet 
sunlight — “an umbrella and a cold 
drink,” as Conley puts it. It’s harmless 
for us, but S. liquifaciens could be bad 
news for any native species.

Still, exploration is about pushing 
the limits, right? Someday, humans 

Shannon Palus is a freelance writer whose 

natural habitat is Philadelphia.

Out
There

“About 10 percent of people are gung 
ho manifest destiny,” she says. We’re 
supposed to be able to go wherever we 
want, without caution, and to heck with 
the native species. 

To Conley, that’s as unnerving as any 
multi-eyed CGI alien Hollywood could 
dream up: We explore other planets 
not just to add pins to a map, but to 
understand what else nature is capable 
of. What’s the point of searching out 
alien life if  you bring your own?  D

Despite modern clean rooms (above) and 
protocols, about 150,000 microbes traveled 
aboard Curiosity, possibly including the hardy 
Serratia liquifaciens (inset).
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Some scientists 
think that without 

the cost of cautious 
planetary protection 

measures, NASA 
could do even more 
to search for other 

organisms.
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HOT SCIENCE
Your Guide to Cool Culture, New Tech and What’s Next

THE BEAUTY OF THE BEAST 
Spinosaurus, identified a century ago, confounded paleontologists with its odd blend of anatomical traits. A new fossil 
find, however, reveals the animal was uniquely adapted to be the apex predator of its environment. (See page 66.)

   We Dig 
Dinosaurs!
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FULL TILT: What makes 
the coast World Heritage-
worthy? It’s the rocks, explains 
Edmonds: “We’ve got 185 
million years of Earth’s history 
in 95 miles of coastline. The 
rocks are tilted, dipping gently 
to the east. The oldest rocks 
are in the west, the youngest 
in the east, forming cliffs. 
Nowhere else in the world 
can you see the complete 
connected record of Triassic, 
Jurassic and Cretaceous.”

WALKING WITH 
DINOSAURS: Visitors with 
at least 10 days to experience 
the Jurassic Coast can hike 
from end to end, enjoying 
expansive views and more 
than one pub along the way. 
Were your boots made for 
walking? Then keep going — 
the Jurassic Coast is part of 
the South West Coast Path, 

The Great Fossil Forage
Jurassic Coast
Dorset and East Devon, England
50°37'20.9" N, 2°31'41.6" W 
jurassiccoast.org

more than 600 miles of trail 
along some of England’s 
most dramatic scenery. 
southwestcoastpath.com

ICKY HISTORY: You could 
make the case that modern 
paleontology was born on the 
beaches of the Jurassic Coast 
town of Lyme Regis. Although 
locals had collected unusual 
rocks for centuries, early 19th-
century fossil hunters such as 
Mary Anning — credited with 
finding the first complete 
ichthyosaur skeleton — were 
among the first to recognize 
their scientific value.

ROCK OUT: Most fossil digs 
want the public to take a 
hands-off attitude. Not on 
the Jurassic Coast. “We’re 
unusual in that we say, ‘Come 
on down and have a go,’ ” 
says Edmonds. Public fossil 

Liopleurodon ferox, 
a pliosaur much 
like those that once 
prowled the Jurassic 
Coast, hunts an 
unfortunate plesio-
saur (above). A less 
fearsome pliosaur 
(below) is displayed 
in London’s Natural 
History Museum. 
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DESTI NATIONS

The southern coast of England has its 
share of idyllic coastal villages, pictur-
esque coves and scones topped with 
clotted cream, but it’s got something 
else, too: Here be monsters.

The Jurassic Coast, a 95-mile 
stretch of rocky coastline, is England’s 
only natural World Heritage site. It’s 
a unique geologic treasure chest that 
gives us a look at our planet from 
about 65 million to 250 million years 
ago. It’s also arguably one of the best 
places in the world to get up close 
and personal with dinosaur and ma-
rine reptile fossils — including those 
of the ferocious pliosaur, “the scari-
est animal of all time,” according to 
geologist Richard Edmonds, Jurassic 
Coast’s earth science manager.

And perhaps the best news of all 
for budding paleontologists: Ed-
monds and his team not only want 
you to touch the fossils — they 
won’t mind if you pick them up and 
even take some home.

Sidmouth Lyme Regis 
Museum
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London

UNITED
KINGDOM

Map Area

BUILDING CHARACTER: 
When you’re ready to unwind 
from a day of fossil hunting 
or hiking, the coast is full of 
spots that offer more than a 
meal and a bed for the night. 
“There are also beautiful, 
historic towns and villages 
built of locally quarried stone 
with real character, such as 
Portland,” says Edmonds.

GO: Stretching nearly 
100 miles, the Jurassic Coast 
has plenty of entry points. 
Visitors flying into London can 
rent a car or travel by train 
or bus to one of the major 
gateway towns, such 
as Bournemouth in the east 
and Exeter in the west.

GO DEEPER: Become a 
Friend of the Jurassic Coast 
and sign up to conserve the 
rich but unstable coastline. 
Opportunities vary; watch 
postings on the website.

GOOD TO KNOW: The best 
seasons for fossil hunters to 
visit are late autumn and 
winter. “With winter storms 
and heavy rainfall, erosion is 
at its greatest,” says Edmonds. 
“You’ve got the sea just 
hammering the rocks below 
and landslides from above.” 
Just remember to stay on 
the beach. Coastal cliffs have 
claimed more than one would-
be fossil collector. Edmonds 
points out another advantage: 
“On the beach, the sea does 
all the work for you, cleaning 
off the fossil.” 
 GEMMA TARLACH

hunting is allowed and even 
encouraged at numerous sites 
along the coast, though eager 
bone collectors are asked to 
follow a common sense code 
of conduct. jurassiccoast.org/
conserving-the-coast/ 
fossil-collecting

BIG MOUTH: Found on the 
Jurassic Coast by an amateur 
fossil hunter, the pliosaur 
skull on display at the Dorset 
County Museum in nearby 
Dorchester is 95 percent 
complete and nearly 8 feet 
long. Paleontologists believe 
the “sea serpent” had the 
biggest bite of any known 
animal.  
dorsetcountymuseum.org

GEO-GARDENS: Once you’ve 
had your fill of rocks, check 
out some of the Jurassic 
Coast’s greener attractions 
— and thank the rocks for 
them. “All the active erosion 
creates fantastic habitats 
for plants and animals that 
thrive in disturbed soil, very 
unique beetles and moths 
and flowers, from about 
April through summer,” says 
Edmonds. “It’s all down to the 
underlying geodiversity.” Two 
must-visit spots: Durlston Head 
(durlston.co.uk), a “limestone 
grassland full of orchids and 
butterflies,” according to 
Edmonds, and the Undercliffs, 
“the largest self-sown ash 
forest in England. It’s the 
nearest we get to a tropical 
rainforest.” 
 

Spiral ammonite  
fossils litter the 
base of cliffs along 
the Jurassic Coast 
(left). The limestone 
sea arch known as 
Durdle Door is a 
popular photo op 
on the Jurassic Coast 
portion of the longer 
South West Coast 
Path (below). 

Historic buildings 
along the Custom 
House Quay in  
Weymouth (above);  
marine fossils at 
Lyme Regis Museum 
(right) span millions 
of years of Jurassic 
Coast history. 

The Jurassic Period

The Cretaceous Period

The Triassic Period

Isle of 
Portland

Bridport

Dorchester

Weymouth

Swanage

Poole

Durdle 
Door

Durlston Head
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Rock Star 

Geologist Richard Edmonds 
grew up fossil hunting in the 
seaside town of Lyme Regis, right on 

the Jurassic 
Coast. Now, as 
earth science 
manager for 
the World 
Heritage site, 
Edmonds 
works to 
conserve the 

coast and encourage science tourism 
in the area. Bonus: He still gets to 
bring home the occasional fossil.

QWhat does an earth science 
manager do, exactly?

AI’m in charge of the rocks. I’ve 
got to check that they’re OK. Our 

coastline is maintained by natural 
forces. If it’s falling down and eroding, 
we’re happy. But lots of historic villages 
along the coast are at risk of tumbling 
into the sea. My job is to find the 
balance, working with engineers trying 
to protect the buildings.

QThe World Heritage site’s geologic 
treasures span the entire Mesozoic 

era, from the Triassic through the Jurassic, 
up to and including the Cretaceous. Was 
it named “Jurassic Coast” just to capitalize 

on a certain Michael Crichton novel/
Steven Spielberg movie?

A(Laughs) Yes, though you could 
think of the Jurassic as the jam in 

the sandwich.

QWhat’s your favorite of the fossils 
you’ve found?

AA crocodile skull, 75 centimeters 
long, from Swanage — an exquisite 

specimen of a new species.

QFavorite thing to do on  
the coast?

AFossil collecting around 
Charmouth and Lyme Regis, 

ideally after a lovely, big storm.  GT

SCIENCE HOT
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Geologist Edmonds 
and amateur fossil 
hunter Kevan Shee-
han with “The Dor-
set Pliosaur” skull 
Sheehan found.
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The End of an Era
THE LAST AMERICAN DINOSAURS:  
DISCOVERING A LOST WORLD
The National Museum of Natural History, Washington, D.C.

With the Smithsonian’s iconic fossil hall closed for 
renovations until 2019, what’s a dino lover to do in the 
nation’s capital? Well, you could spend some qual-
ity time in the twilight of T. rex’s reign. Last Ameri-
can Dinosaurs gives visitors the chance to immerse 
themselves in both a late Cretaceous ecosystem and 
the fieldwork of paleontologists today. The exhibit 
re-creates North Dakota’s Hell Creek formation, one 
of the richest dino digs ever found, as it was 66 mil-
lion years ago: a swampy lowland teeming with life, 
including some of our most famous dinosaurs, such as 
Triceratops and T. rex. Multimedia stations explain how 
scientists determined the location’s flora and fauna, as 
well as its climate and geology. Opens Nov. 25.  
naturalhistory.si.edu  
 GEMMA TARLACH

Designs for the new exhibit (top), which replaces the Smithsonian’s 
fossil hall while it’s closed for renovation; a cast of a T. rex skull, 
arguably the most famous dinosaur (right); a Triceratops previously 
in the fossil hall (bottom) stars in the new exhibit.
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The Real Fisher King 
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An ancient treasure destroyed by Nazi 
arrogance, check. A bevy of exotic 
locales, from the plazas of Italy to the 
barren sand and rock of the Sahara, 
check. A charming and resourceful 
hero in a brown fedora, check.

No, it’s not the latest entry in the 
Indiana Jones franchise; it’s a true sci-
ence story that rivals any action-adven-
ture flick Hollywood could create.

“Bigger Than T. rex” showcases Spi-
nosaurus, which lived about 100 million 
years ago and, at 50 feet from nose to 
tail, was one of the largest carnivorous 
dinosaurs. It was also one of the odd-
est, with its long, narrow snout, curious 
flat feet and a massive sail that rose 
eight feet along its spine. For decades, 
the animal’s Frankenstein-like appear-
ance perplexed researchers.

The story of the first partial Spino-
saurus skeleton — and the second — is 
equally intriguing.

More than a century ago, German 
paleontologist Ernst Stromer described 
Spinosaurus based on several bones 
from a single animal found during an 
expedition deep in the Sahara.

The unique fossil was displayed in a 
museum in Munich for years, despite 
Stromer’s pleas to store it somewhere 
safer during World War II. In April 
1944, the fossil was destroyed in an Al-
lied bombing raid. Spinosaurus lived on 
only in Stromer’s meticulous drawings 
and a handful of grainy photographs.

As the study of dinosaurs advanced, 
Stromer was nearly forgotten and his 
great find fell, as one paleontologist says 
during the NOVA program, “into the 
same category as Nessie or Sasquatch.”

Fast-forward to the present and Ger-
man-Moroccan doctoral student Nizar 

Ibrahim, who felt a special affinity for 
the unheralded German paleontologist 
and the lost Saharan dinosaur. Ibrahim 
combs the semi-legal fossil markets of 
Morocco and scours layers of banded 
sandstone poking up from the desert’s 
expanse. A tip from an Italian colleague 
puts him on the trail of a potentially 
huge Spinosaurus find, but first he’s got 
to sweet-talk a skittish fossil hunter who 
insists on wearing a disguise.

Ibrahim, together with University of 
Chicago paleontologist Paul Sereno, 
find their holy grail of 
dinosaurs: a second 
partially complete  
Spinosaurus. Armed 
with scanners and 
software that Stromer 
couldn’t have imagined, 
the team is able not 
only to build a digital 
model of unprece-
dented detail, but also 
to piece together how 
this Frankensteinosaurus lived.

Fossilized bivalves and sea urchins 
found with the new Spinosaurus 
provide a key clue that’s backed up by 
comparative analysis of its anatomy, 
including those weirdly flat, almost 
flipper-like feet and crocodilian snout: 
The mighty Spinosaurus was aquatic, 
the first dinosaur so described.

It’s a triumph of science that Dr. 
Jones would have given a hat tip. 
 GEMMA TARLACH

NOVA, “BIGGER THAN T. REX”
9 p.m. EDT Nov. 5, PBS (check local listings)

German paleontologist Ernst Stromer 
poses with a Spinosaurus bone 
in 1914 (top). University of Chicago’s 
Paul Sereno at a recent Spinosaurus 
dig in Morocco (above).

Nizar Ibrahim 
finds the 
Spinosaurus 
in Morocco 
(right); an art-
ist’s rendering 
(far right).
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Aff ordable Performance
Th e Advanced Aff ordable Hearing HCX digital hearing aid is simply the best 
value in the hearing aid market today. For under $300, you can experience 
the same digital technology used in far more expensive hearing aids. With 
the HCX, hearing really is believing! We believe so strongly that you will love 
what you hear that we off er a 100% Money Back Guarantee if you are not 
satisfi ed for any reason. Th is Risk Free Off er allows us to prove to you the 
quality and craft smanship of our products.

Discreet With Unmatched Comfort
Th e HCX is an extremely discreet hearing aid that is comfortable enough 
to wear all day. Friends and family will probably not even notice! Th e HCX 
comes with a nearly-invisible thin tube that connects you to 12 bands of 
frequency shaping. Additionally, it comes with 10 bands of layered noise 
reduction to help you hear more clearly. Combine this technology with a 
small case and soft  medical-grade tip, and you will experience remarkably 
comfortable hearing.
 
Quality FDA Registered Hearing Aid
Expert hearing researchers and technicians have 
spent years perfecting our products. We off er you 
the best possible value in hearing today. We have 
set a high standard to make sure YOU are happy 
with your new hearing aid. Each hearing aid is 
inspected and tested before you receive it. If you 
are not satisfi ed for any reason, we off er a 100% Money Back Guarantee!

Now You Can Hear Clearly
Without Spending Thousands.  
Our innovative hearing aid fi nally makes 
great hearing aff ordable! Here’s how...

Visit And Save: www.advancedhearing.com/D4A

New breakthroughs in digital hearing technology allow you to experience 
remarkable improvement in your hearing without having to spend thousands 
of dollars. For 18 years, our innovations have helped improve hearing for 
thousands of satisfi ed customers. We are proud to introduce our new, low-
priced HCX Digital Hearing Aid. Th e HCX has all the important features you 
need to hear clearly, without the unnecessary bells and whistles that just 
add to the cost. We believe quality hearing aids should be aff ordable 
to everyone!

Let us show you how much Advanced Aff ordable Hearing can 

help improve YOUR hearing today. . . Risk Free!

“Thank you. It works better than my 
$2,000.00 hearing aid!” 
- Jim W

“I will defi nitely recommend your 
company to my patients.”
- Dr. Arun P.

“We had no idea it would be such a 
fast, simple and enjoyable process. 
Thank you for your help and your 
patience. Now we can enjoy those 
excellent hearing aids. We are very 
grateful!” 
- Monique S.

 Digital sound processing chip provides 
crystal clear sound and makes speech 
easier to understand without feedback

 Multiple memory programs adapt to 
most listening situations

 Nearly invisible thin tube design

 Helpful low battery warning so you are 
never caught unprepared

 Easy to fi nd, long lasting size 13 
batteries

 10 bands of layered noise reduction 
helps to emphasize voices while 
balancing out background noise

 100% Money Back Guarantee

“I replaced my $2,100 aid with 
one of these last week!” -Earl M.

The All New HCX Hearing Aid!

Call Today And Save! 1-877-767-4480
Visit Us Online: www.advancedhearing.com/D4A

GET FREE BATTERIES! Use Coupon Code: D4A

US Company 
Owned And
Operated

FDA
REGISTERED

The 

HCXTM
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PACKAGED PLEASURES
By Gary S. Cross and Robert N. Proctor

Think your hankering for a Hershey’s bar 
or yen for Die Hard movies is simply indi-
vidual preference? Think again. In Plea-
sures, historians Cross and Proctor present 
an ambitious chronology of consumerism 
and consumer technology. They reveal how 
inventors and industrial engineers intensi-
fied and optimized flavors, sounds, sights 
and sensations to mass-market junk food, 
cigarettes, pop music, action movies and 
amusement park rides.  DAN FERBER

SEVERED
By Frances Larson

Alas, poor Oliver Cromwell. For centuries 
after his death from fever in 1658, 
his severed head was ogled in tawdry 
exhibits and even passed around parties 
like a cheap souvenir. Though Cromwell’s 
noggin was put to rest eventually — 
in 1960 — our species’s fascination with 
disembodied heads still thrives. Across 
cultures and eras, anthropologist Larson 
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You Don’t Snooze, 
You Lose
SLEEPLESS IN AMERICA
8 p.m. EDT, Nov. 23, National Geographic Channel

In our always-on, always-connected world, the one thing we as a 
nation skimp on is the one thing we arguably need most. Declar-
ing poor sleep a silent epidemic, researchers present new findings 
on slumber’s underrated importance and just how many of us are 
missing out. From increased risk of obesity to deadly drowsy driv-
ing, sleep deprivation is a public health threat — remember to tell 
your boss that when he catches you napping at your desk.  GT

explores the many meanings of, and 
uses for, severed heads. From med school 
teaching tool to warrior’s trophy, that 
lump of stuff, when separated from our 
necks, has both utilitarian and symbolic 
value. Larson has a wry but thoughtful 
tone, peppering her analysis with insights 
such as the memorable observation that 
“it is much easier to decapitate a human 
than a deer, or a lion.” In case you were 
wondering.  GEMMA TARLACH

NOTE-BY-NOTE COOKING
By Hervé This

Creating a meal based on the elemental 
chemistry of each ingredient is much like 
creating a melodic masterpiece, accord-
ing to This, a French physical chemist and 
one of the co-developers of molecular 
gastronomy. Both are built note by note, 
flavor by flavor, until a new, more brilliant 
whole emerges. By turning to an array of 
chemical compounds — think citric acid 
and beta-carotene — This is able to create 
never-before-tasted culinary combinations, 

such as apple pearls: a caviar-like construc-
tion of chemicals meant to evoke the fa-
miliar fruit. But taste is only a small part of 
the equation. This also explores the science 
behind shape, consistency, odor and color, 
giving readers the knowledge to create 
their own magnum opus in the kitchen.  
 BRENDA POPPY

ARRIVAL OF THE FITTEST
By Andreas Wagner

Nature is constantly improving on itself, 
looking for better ways to lure a stronger 
mate or capture weaker prey. Darwin’s the-
ory of natural selection revolutionized our 
thinking about nature’s malleability, yet 
it doesn’t answer how biology kicked off 
this process in the first place. In a detailed, 
often dense, but accessible way, Wagner 
exposes the hidden architecture of life. Its 
basic parts, says the evolutionary biologist, 
are like a vast library of letters, spelling out 
the language of chemical reactions and the 
intricate cellular circuitry that leads species 
to be better, stronger, faster.  BECKY LANG
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NO CONTRACTS. 
GREAT VALUE.
100% RISK-FREE†.
PLANS START AT JUST $10 A MONTH.
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(888) 528-3882
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11/1-11/2
Knapsack App
Charting biodiversity: There’s 
an app for that! Sign up for 
an overnight experience in 
California’s iconic Joshua Tree 
National Park through The Desert 
Institute and learn how to use the 
citizen science app iNaturalist. 
tinyurl.com/JoshuaTreeAppTrip

11/27
HO, HO, H2O
Live reindeer prance and paw in the 
gardens of the California Academy of 
Sciences during more than a month 
of “ ’Tis the Season for Science” 
programming. Also in the lineup: A 
scuba-diving Santa answers questions 
about coral reefs. 
calacademy.org/holidays

Calendar compiled by Elisa Neckar. Submit your events to 
thismonth@DiscoverMagazine.com
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SCIENCE HOT

November 2014
H O T C A L E N DA R

11/7
The Theory of Everything 
Opens
Trace the relationship 
between Stephen Hawking 
and his first wife Jane Wilde 
with this rumored Oscar bait 
biopic based on her memoir.
focusfeatures.com/the_
theory_of_everything

11/13
Fun, Cubed
Discovery 
Cube opens its 
second Southern 
California campus 
today in Los 
Angeles. Don’t 
miss a ride on 
the Aquavator, a glass elevator that gives visitors a 
virtual worm’s-eye view of the aquifer hundreds of feet 
beneath them. discoverycube.org

11/24
Lucy’s Unearthing 
Birthday
The 3.18 million-year-old 
hominid skeleton fossil 
celebrates her 40th year 
above ground.
iho.asu.edu/about/
lucy’s-story

11/21
Psychology of the Bleak Midwinter
In a city where the sun shines for less than six 
hours on the winter solstice, the Anchorage 
Museum’s Cabin Fever exhibit of photography, film 
and interpretive text explores the emotions and 
behaviors prompted by darkness and isolation. 
tinyurl.com/AKCabinFever

11/8
Fearless Foodies Wanted
“Cuisine from the Collections” cocktail reception serves up fare inspired by the 
18 million specimens in Philadelphia’s Academy of Natural Sciences. So, how do 
you like your snake cooked? tinyurl.com/CuisinefromtheCollections

SCIENCE (AND MATH!) SAVES THE WORLD
Whether you like your flicks futuristic or historical, 
November comes to the rescue.

Interstellar: In a dystopian future, Matthew McConaughey 
travels through a wormhole to save humanity as Earth 
edges toward inhabitability. Opens Nov. 7. 
interstellarmovie.com

The Imitation Game: Benedict Cumberbatch portrays 
Alan Turing, the mathematician who cracked the Nazis’ 
Enigma Machine codes, fathering computer science along 
the way. Opens Nov. 21. theimitationgamemovie.com

11/17
Light Show
The Leonid meteor shower streaks across the predawn sky as it peaks early this 
morning. astronomy.com/leonids2014

11/19
From Russia, to Above
See space artifacts ranging from an original 
model of Sputnik to a Vostok-6 capsule at 
the London Science Museum’s Cosmonauts 
exhibit, opening today with many items never 
before seen outside Russia.
tinyurl.com/CosmonautsExhibit

http://www.joshuatree.org/desert-institute/field-classes/inaturalist-join-the-society-of-21st-century-naturalists-2/
http://calacademy.org/holidays/
mailto:editorial%40discovermagazine.com?subject=Calendar
http://www.focusfeatures.com/the_theory_of_everything
http://www.focusfeatures.com/the_theory_of_everything
http://www.discoverycube.org/
https://iho.asu.edu/about/lucy%E2%80%99s-story
https://iho.asu.edu/about/lucy%E2%80%99s-story
http://www.anchoragemuseum.org/galleries/GalleryViewer2.aspx?incGal=0&cID=149&LayoutID=1
http://ansp.org/get-involved/support/cuisine-from-the-collections/
http://www.interstellarmovie.com/
http://theimitationgamemovie.com/
http://www.astronomy.com/leonids2014
http://www.sciencemuseum.org.uk/visitmuseum/coming_soon/cosmonauts.aspx
mailto:thismonth@DiscoverMagazine.com
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For a typical urban skygazer, the autumn evening sky seems 
nearly bereft of bright stars. The long season contains only one 
of the sky’s 25 most brilliant suns: magnitude-1.2 Fomalhaut. 
To find it, first locate the distinctive Great Square of Pegasus 
high in the south. Imagine a line joining the two stars on its 
western (right) side extending down three to four times over, 
and you’ll land on bright, white Fomalhaut.

This isolated star belongs to the dim constellation Piscis 
Austrinus, the Southern Fish. Neighboring star groups also 
share a connection to water: Capricornus the Sea Goat, 
Aquarius the Water-bearer, Cetus the Whale and Pisces the 

Fish. The watery association stems from ancient Babylonian 
stargazers, who likely linked the sun’s passage through this 
region to their rainy season.

Although Fomalhaut appears solitary, looks are deceiving. 
In 1983, the Infrared Astronomical Satellite detected lots of 
infrared radiation (heat) coming from the star’s area. Astrono-
mers deduced that dust must surround Fomalhaut, absorbing 
the star’s visible light and reradiating it at longer, infrared 
wavelengths. The Hubble Space Telescope later confirmed a 
dusty disk and also imaged a planet orbiting just inside it. No 
word yet on how rainy that world is.  RICHARD TALCOTT

A Solitary Star With a Companion Planet

ABOUT THE MAP
It depicts the sky from mid-northern 
latitudes at:

10 p.m. Nov. 1 
8 p.m. Nov. 15 
7 p.m. Nov. 30

WHAT YOU CAN SEE
Mercury makes its finest 

morning appearance for the 
year in early November, 

peaking about 10 degrees 
above the eastern horizon 

45 minutes before 
sunrise on Nov. 1.

MAGNITUDES
Higher magnitudes  
(and smaller dots on  
the page) denote dimmer  
stars. A 0-magnitude star  
is exactly 100 times brighter  
than a 5th-magnitude one.

0.0     1.0     2.0     3.0     4.0     5.0 For more on this month’s sky, go to Astronomy.com

W
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EXPAND 
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Electronic devices are fundamental to our global 
economy, improve our lives immeasurably, and underlie 

virtually every aspect of modern life.  Yet very few of us have 
any idea of how electronic devices actually work. In fact, these 
increasingly complex devices operate on a few basic principles 
that are both fascinating and easy to understand—you can even 
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accessible lectures of Understanding Modern Electronics, 
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Galaxies BY KATHERINE KORNEI

The 
Milky Way 

rotates 
at about 
560,000 

mph.
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20 Things    You Didn’t Know About …
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you’ve ever looked at the constellation Sagittarius, 
the archer, you’ve looked in the right direction.  
10 Most galaxies have a black hole at the center, 
and astronomers have found the mass is consis-
tently about 1/1000th the mass of the host galaxy.  
11 Two of the closest galaxies to the Milky Way 
— the Small Magellanic Cloud and the Large 
Magellanic Cloud — may not have black holes. Or, 
because both are low-mass galaxies, their central 
black holes may be too small to detect. 12 Every 
galaxy does have dust, though. Produced by stars, 
the dust causes light to look redder than it really is 
when observed visually, which can make it difficult 
for astronomers studying properties of stars.  
13 That dust can really travel, too. Some galaxies 
drive galactic winds, expelling dust and gas at 
hundreds of kilometers per second into the 
intergalactic medium, the space between galaxies. 
14 These winds are caused by starlight exerting 
pressure on the dust and gas; the fastest galactic 
winds are in distant galaxies that are forming stars 
more rapidly than the Milky Way. 15 The Milky 
Way rotates at about 250 kilometers per second 
(about 560,000 mph) and completes a full revolu-
tion about every 200 million years. 16 One galactic 
revolution ago, dinosaurs ruled the Earth.  
17 Galaxies rotate faster than predicted based on 
the gravity of their stars alone. Astronomers infer 
that the extra gravitational force is coming from 
dark matter, which does not emit or reflect light. 
18 Dark matter aside, galaxies are mostly empty 
space. If  the stars within galaxies were shrunk to 
the size of oranges, they would be separated by 
4,800 kilometers (3,000 miles). 19 If  galaxies were 
shrunk to the size of apples, neighboring galaxies 
would only be a few meters apart. The relative 
proximity of galaxies means that galaxies occasion-
ally merge. 20 In about 4 billion years, the Milky 
Way will merge with the Andromeda galaxy. The 
result of the merging process — which will take at 
least a hundred million years — will be an ellipsoi-
dal galaxy nicknamed “Milkomeda.”  D  

Katherine Kornei is a science writer living in Portland, Ore. 

She studied galaxy evolution when working as a research 

astronomer. 

1 Eighteenth-century philosopher Immanuel Kant 
was one of the first people to theorize that the Milky 
Way was not the only galaxy in the universe. Kant 
coined the term island universe to describe a galaxy. 
2 Astronomers now estimate that there are 100 
billion galaxies in the observable universe. 
3 One of the earliest uses of the English term Milky 
Way was in Geoffrey Chaucer’s 14th-century poem 
“The House of Fame.” He likened the galaxy to a 
celestial roadway. 4 While we’re talking road trips: 
Due to the expansion of the universe, all other 
galaxies are receding from our own. Galaxies farther 
from the Milky Way are speeding away faster than 
those nearby. 5 Some of the galaxies receding from 
the Milky Way are ellipsoidal, like footballs. 

Galaxies can also be thin and flat with tentacle-like 
arms — just like the Milky Way. 6 Galaxies come in 
irregular shapes, too, including many dwarf galaxies. 
These galaxies, the smallest in the universe, contain 
only a few hundred or a few thousand stars 
(compared with 100 billion stars in the Milky Way). 
7 You’ll often find dwarf galaxies clustered around 
larger galaxies. 8 Dwarf galaxies frequently lose 
their stars to their larger neighbors via gravity. The 
stars stream across the sky as the dwarf galaxies are 
ripped apart. Alas, you can’t see it with the naked 
eye. 9 You also can’t see the enormous black hole 
lurking in the center of the Milky Way, though if  

Immanuel Kant 
(above) and colliding 
galaxies NGC 4038 
and 4039 (top).
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TO PLACE AN ORDER OR TO RECEIVE A FREE COLOR CATALOG, CALL US TOLL FREE AT 1(800)426-2007

    SADIGH GALLERY ANCIENT ART, INC.
AUTHENTIC ANCIENT ARTIFACTS & COINS AT AFFORDABLE WHOLESALE PRICES

20127 Sumerian terracotta cuneiform tablet. 3 ½” x 1 ¼”  2200 BC.................$600
22092 European marble Virgin Mary.  12” x 3” 1800’s AD.........................$450

22602 Carnelian scarab amulet.  ½” 2040-1786 BC............................$100
23222 Lapis lazuli scarab amulet. 1” 2040-1786 BC.......................$100

25579 Soapstone scarab. 1 ½” 663-525 BC..................................$120
25960 Hebrew terracotta oil lamp with menorah. 4 ½” 100 BC-100 

AD.............................................................................................$800
25979 Egyptian mummy beads necklace and earrings.  15” 600-
300 BC....................................................................................$120
25985 Near Eastern lapis lazuli inlays in clad silver cuff  bracelet. 
3000 BC-1900’s AD.................................................................$100
26195 Holy Land terracotta oil lamp. 4” 100 AD......................$80
26999 Asian amber sphere. 3” 1700’s AD..........................$1,200
27672 Macedonian silver Alexander the Great tetradrachm coin 
pendant. 1” 336-323 BC.........................................................$700
30608 Bronze ankh pendant. 1 ½” 600 BC............................$120
30609 Byzantine silver cross pendant with Madonna and Child. 
2 ¼” x 1 ½” 600 AD.................................................................$800
31418 Silver Atocha shipwreck coin. 1 ¼” 1622 AD..............$400
31442 Near Eastern lapis lazuli inlays and red accents beads on a 
silver necklace. 22” 3000 BC-1900 AD....................................$120
32454 Byzantine gold coin of Michael VII. 1” 1071 AD......$1,200
32659 Holy Land lapis lazuli inlays and multi colored glass 
stones set into a silver cross. 3” 1800’s AD..............................$100
32810 Bronze Eye of Horus.1 ¾” 663-525 BC........................$300
32833 Roman bronze owl pendant. 2” 100-300 AD..............$300
32834 Roman bronze fi sh pendant. 2” 100-300 AD..............$300
33669 Greek bronze sword. 26” 400 BC.............................$1,600
35171 Roman bronze Romulus and Remus pendant. 2” x 1 ¾” 
100-300 AD............................................................................$400
36958 Black basalt Buddha head. 4” 200-400 AD.............$200
38436 Egyptian bronze knife. 8 ¼” 663-525 BC....................$350
40249 Holy Land bronze First Crusaders’ cross pendant with the 
fi ve wounds of Christ. 2” 1096-1099 AD.................................$100
41967 Wooden Nativity icon. 12 ½” x 10” 1900 AD...............$700
42779 Original King James bible leaf in a black frame. London. 
21” x 13 ½”  1611 AD..............................................................$250
43212 Stegosaurus dinosaur egg fossil from the Henan Prov-
enance, China. 4 ½” 65 Million Years Old...............................$600
43297 Roman bronze key. 2” 100-200 AD.............................$200
43831 Silver Alexander the Great drachm coin. ¾” 315-294 BC..$150
43883 Egyptian green soapstone seated cat amulet. 1 ½” 305-30 
BC......................................................................................$180
43967 Egyptian green limestone plaque. 5 ½” x 2 ½” 1070-712 
BC.......................................................................................$1,000
44114 Hebrew pendant with lapis lazuli inlays in Star of David 
silver setting. 2 ½” 1800’s AD.................................................$120
44307 Amber pendant with a Prehistoric bee. 1 ¾” 12 Million 
Years Old................................................................................$300
45125 Mayan terracotta vessel. 7” x 8” 600-900 AD..........$1,200
45208 Byzantine golden amber mold-blown pilgrim glass jar. 3 
½” x  1 ½” 600-900 AD...........................................................$400
45461 Limestone Ushabti. 7” x 2” 663-525 BC..................$1,500
45482 Egyptian faience heart scarab with a portrait of a ruler. 3 
¾” x 2 ½” 663-525 BC.........................................................$1,500
45515 Egyptian glazed green limestone Qebehsenuef inlay. 5 ¾” 
x 1 ¾” 1570-1342 BC.............................................................$800
45764 Egyptian green limestone stamp seal. 3 ½” x 2 ½” 1570-
1342 BC...................................................................................$800

46039 Greek silver tetradrachm coin of Athena. 1” 400 BC......$800

All major credit cards are accepted. All items are authentic and come with 

a Lifetime Certifi cate of Authenticity. 10 day return priviledge, less shipping.

© Sadigh Gallery Ancient Art, Inc. | info@sadighgallery.com | www.sadighgallery.com  
303 5th Ave., Suite 1603 NY, NY 10016 Toll Free (800)426-2007 Tel (212)725-7537 Fax (212)545-7612
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What Science Knows 
about Cancer
Taught by Professor David Sadava
CITY OF HOPE MEDICAL CENTER AND 
THE CLAREMONT COLLEGES

LECTURE TITLES

1. Cancer Is an Ongoing Challenge

2. Cancer Is a Major Burden to Society

3. Discovering Causes of Cancer in Populations

4. Some Causes of Cancer in Populations

5. DNA Is the Key to Understanding Cancer

6. How Does DNA Change to Initiate Cancer?

7.  How Do We Know If Something Causes Cancer?

8. How Do Normal Cells Function?

9. What Is Diff erent about Cancer Cells?

10. How Do Tumors Grow?

11. How Tumors Spread and Thrive

12. What Are Tumor Viruses?

13. How Do Tumor Viruses Cause Cancer?

14. How Do Cancer-Causing Genes Work?

15. Can Cancer Be Inherited?

16. How Do Normal Genes Suppress Tumors?

17. How Do Genetic Changes Result in Cancer?

18. Treating Cancer with Surgery

19. Treating Cancer with Radiation

20. Treating Cancer with Drugs

21. How Do Drugs Attack Cancer?

22. Frontiers of Cancer Treatment

23. Can Screening for Cancer Be Useful?

24. Can Cancer Be Prevented?

What Do Researchers 
Know about Cancer?
The landscape of cancer treatment and prevention is a vastly different 
place than it was even a decade ago. Thanks to a relatively new focus on 
molecular medicine, researchers are gaining a deeper understanding of 
the mechanisms involved in the disease, poising them on the brink of 
huge breakthroughs.

What Science Knows about Cancer reports from the front lines 
of the war on cancer with a clear and scientifically precise—yet 
thoroughly accessible—guide to how the disease develops, thrives, and 
can potentially be conquered. Taught by David Sadava, a laboratory 
researcher at the City of Hope Medical Center and an award-winning 
professor of biology at The Claremont Colleges, this fascinating 
24-lecture course leaves no stone unturned in explaining the amazing 
ways cancer works to subvert the body, and how new therapies can 
reverse these insidious processes. 

Off er expires 11/13/14

THEGREATCOURSES.COM/6DSCY
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What Science Knows about Cancer
Course no. 1956 | 24 lectures (30 minutes/lecture)

LI
M

IT
ED TIME OFFER

70%
off

O
R

D
E

R BY NOVEM
B

E
R

 1
3

SAVE UP TO $185

DVD $254.95 NOW $69.95
CD $179.95  NOW $49.95
+$10 Shipping, Processing, and Lifetime Satisfaction Guarantee

Priority Code: 95359

http://WWW.THEGREATCOURSES.COM/6DSCY
http://www.TheGreatCourses.com
http://worldmags.net/
http://worldmags.net/

