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Becky Lang

On the Brain’s Path 
Most people have experienced 
it, even in their 20s and 30s: You 
stride with purpose from the living 
room to the kitchen, but by the 
time you get there, you’re standing 
flat-footed, unable to remember 
the task at hand. In mere seconds, 
your mind has gone blank. 

Each time it happens, I wonder 
if  this is my brain signaling the 
onset of what’s to come, like the 
false contractions that remind 
you you’re about to have a baby. 
Is it setting a timeline for when 
its neural connections start 
to wither?

Science still isn’t sure exactly 
how the brain ages and at what 
point health morphs into disease. 
Researchers are just now figuring 
out how they might repair 
the brain, or at least slow down the destruction once it’s on 
a disordered path.

In this issue, two of Discover’s contributing editors delve 
into these hot research areas. Jeff  Wheelwright takes you 
through one branch of the Human Connectome Project, in 
which scientists at UCLA aim to establish a baseline for what 
a healthy aging brain really looks like (Page 26). His data 
from precise brain imaging, as well as cognitive, physical and 
psychological testing, will be combined with that of thousands 
of others in trials at sites across the country.

And Linda Marsa talks with a stroke patient, a young 
man with a spinal cord injury and a woman who is gradually 
regaining her sight. In these cases, neural stem cells are helping 
to repair connections and function (Page 32). It’s still early, but 
researchers are starting to see stem cells as talented construction 
workers — getting the job done with reliable workarounds. 

 D
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How We Decide
Make up your mind already!

When we’re presented with a choice, we carefully weigh the alternatives and 
choose the option that makes the most sense — or do we? Only recently has 
science begun to unravel how we really make decisions.

In the face of stress or time pressure, or 
even seemingly unrelated cues, our assessment 
of situations and the choices we ultimately 
make can be colored by innate biases, flawed 
assumptions and prejudices born of personal 
experience. And we’re clueless about how they 
influence our judgments. These unconscious 
processes can lead us to make decisions that, in 
fact, don’t really make much sense at all.

If you’re not convinced, go to a group of 
people and offer each person a dollar. Do this 
five times, each time asking if the individual 
wants to buy a $1 lottery ticket. Then offer 

$5 all at once to a second group, and ask the 
people how many lottery tickets they would like 
to buy. You’d think both groups would buy the 
same number of tickets — after all, they got the 
same amount of money.

Nope. Researchers at Carnegie Mellon found 
that the first group would consistently buy twice 
as many lottery tickets as the group that was 
given the same amount of money but only one 
chance to buy lottery tickets. 

Here’s another way to see irrational, 
unconscious biases in action: Change your 
hairstyle. This experience inspired Malcolm 
Gladwell to write the bestseller Blink, which 
looked at the science of  snap judgments. 
After he grew his hair long, his life changed 
“in very small but significant ways.” He got 
speeding tickets, was pulled out of  airport 
security lines, and was questioned by police 
in a rape case, even though the prime suspect 
was much taller.

The lottery and hair scenarios provide 
real-world examples at odds with traditional 
theories used to predict human behavior. 
These scenarios tell us that decision-making 
can depend on perspective and unconscious 
stereotypes. These kinds of biases do serve an 
evolutionary purpose, many other researchers 
have found. In some cases, making snap 
decisions and following your gut can be an 
advantage, especially in high-pressure, time-
sensitive situations. 

The hidden, unconscious processes at work 
when we decide are so powerful that efforts to 
uncover and understand them have won at least 
two researchers the Nobel Prize in recent years.

CHECKS AND BALANCES

System 1

QUALITIES 

ADVANTAGES

DISADVANTAGE

System 2

QUALITIES 

ADVANTAGES

DISADVANTAGE

Unconscious processes 
can lead us to make 

decisions that, in fact, 
don’t really make much 

sense at all.
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  PRINT FEEDBACK 

A Second Opinion
The article “Everything 
Worth Knowing: How 
We Decide” by Adam 
Piore (July/August 2017) is interesting. It struck me that 
research in our culture tends to underappreciate the 
influence of others on our decision-making. Whether 
the person sitting next to you agrees or disagrees with 
your initial decision can make a huge difference. It may 
even change the course of your life for good. 

Rowena Kong, Vancouver, British Columbia

Battery of the Future
I have been a longtime subscriber, since I very much 
look forward to every issue of Discover. “Everything 
Worth Knowing: The Perfect Battery” by Stephen Ornes 
(July/August 2017) was of particular interest to me. 
I was fully expecting to read about lithium-polymer 
(LiPo) batteries, but there was no mention. More than 
10 years ago, when inexpensive, ultralight remote con-
trol helicopters began to be marketed, I was especially 
intrigued by the extremely light LiPo battery in one of 
these toys I bought for my young nephew. I looked up 
LiPos, and the main drawback was that if  incorrectly 
charged, they could burn violently. But the power-to-
mass ratio seemed extraordinary. The technology was 
in its infancy, so I fully expected to see LiPos replacing 
lithium-ions, but apparently this has not happened.

Victor Velelli, Slanesville, W.Va.

  NEW BLOGGER

We are pleased to announce 
that Amy Shira Teitel, author 
of the Vintage Space 
blog, has joined Discover. 
Vintage Space is all about 
digging into the minutia of 
the Space Age. Rather than 
retelling glossy stories of 
astronauts, Vintage Space 
peels back that veneer to look at the real stories — the 
innovations that failed, the unrealized technologies and 
the human element that so often remains buried.

Visit blogs.discovermagazine.com/vintagespace

Also, be sure to check out Vintage Space on YouTube 
and say hi to Pete, Amy’s feline friend!
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Frequent nighttime trips to the bathroom, 
embarrassing leaks and the inconvenience of 
constantly searching for rest rooms in public– 
for years, I struggled with bladder control 
problems. After trying expensive medications 
with horrible side effects, ineffective exercises 
and uncomfortable liners and pads, I was 
ready to resign myself to a life of bladder leaks, 

isolation and depression. But then I tried BetterWOMAN.

When I first saw the ad for BetterWOMAN, I was skeptical. So 
many products claim they can set you free 
from leaks, frequency and worry, only to 
deliver disappointment. When I finally tried 
BetterWOMAN, I found that it actually 
works! It changed my life. Even my friends 
have noticed that I’m a new person. And 
because it’s all natural, I can enjoy the results 
without the worry of dangerous side effects. 
Thanks to BetterWOMAN, I finally fought 
bladder control problems and I won!

Thanks to BetterWOMAN,
I’m winning the battle for

Bladder Control.
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HALO HUNTER
Although it resembles an antique portrait camera, this is actually a model of a device called a far ultraviolet camera/spectrograph. In 1972, 
Apollo 16 astronaut John Young used the instrument while on the moon to photograph Earth’s geocorona, the ultraviolet halo of light reflected 
by hydrogen in the outermost reaches of our atmosphere. The spectrograph helped advance our understanding of the geocorona’s limits, which 
we now know to be at least 62,137 miles from the planet’s surface. The camera is on display at the Smithsonian National Air and Space Museum 
in Washington, D.C.  ERNIE MASTROIANNI; PHOTO BY ERIC LONG/SMITHSONIAN NATIONAL AIR AND SPACE MUSEUM
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PICTURE ROWS of translucent tanks in 
a dark room. Partially formed embryos 
float silently, bathed in amniotic fluid. 
That’s the science fiction portrayal of 
an artificial womb, where machines 
gestate our babies, stirring unsettling 
undertones of inhumanity. It’s birth 
without pregnancy. As The Matrix’s 
Neo might say: Whoa.

While that’s still the stuff of fantasy, 
there have been serious attempts to cre-
ate artificial wombs dating back to the 
1960s. Most fell far short of the warm 
embrace of a real placenta. Scientists 
keep trying, partly because pregnancy 
is so complex, and, like anything else 
human, childbirth can go wrong, with 
consequences that affect a child’s entire 
life. Premature births occur in more 
than 10 percent of pregnancies and 
can result in heightened risks for lung 
diseases, cerebral palsy and develop-
mental disorders.

For extremely premature babies, 
those born before 28 weeks of preg-
nancy, the statistics are grim: Thirty 
to 50 percent die, and up to half of 
those who survive experience some 
sort of health issue. The best we can 
do for preemies today is place them in 
a heated, humid incubator and pump 
in nutrients through IVs and tubes. 
Though we may not feel comfortable 
abdicating procreation just yet, human-
ity could clearly use some help.

The earliest attempts at fake wombs 
failed to sustain animal fetuses for 
longer than a few days. With improved 
technology, that marker was pushed 

back, but animals weaned on such 
systems still emerged with major birth 
defects — if they survived at all.

The latest step forward comes from 
researchers at the Children’s Hospital 
of Philadelphia (CHOP), who suc-
cessfully gestated premature lambs in 
an artificial placenta for a month. The 
lambs — removed from 
their mothers at the human 
equivalent of 22 weeks — 
developed normally inside 
the fake womb. They were 
born nearly indistinguishable 
from lambs birthed normally.

The device, called a 
Biobag, is basically a clear 
plastic bag filled with an elec-
trolyte fluid. The fetus’s own 
heart pumps blood through 
an external oxygenator to 
avoid dangerous pressure differences. 
The lamb’s umbilical cord pulls in 
nutrients, and external heaters maintain 
a healthy temperature. The researchers 
even plan to pipe in recordings of 
the mother’s heartbeat as a soothing 
soundtrack. Their results were published 
in April in Nature Communications.

The Biobag addresses a crucial 
concern for fetuses: lung development. 
Once a baby’s budding lungs are 
exposed to air, there’s no going back, 
no matter what stage of maturation 
they may be in. The fluid environment 
of the fake womb, however, lets lung 
development continue unhindered.

Although the Biobag does mark a 
significant step forward for artificial 

Pregnancy, 
Interrupted

 BIG IDEA

A new device can replicate the placenta, 
bringing hope for babies born premature.

womb technology, it’s not ready for 
human fetuses yet. For one thing, 
human babies are smaller, and downsiz-
ing the device could bring unforeseen 
complications. The scientists also 
have to find the right electrolyte fluid 
mix, and figure out how to connect to 
human umbilical cords.

These problems are surmountable, 
however, and the researchers say that 
they expect human trials in three to five 
years. Beyond saving preterm infants, 
the greatest benefit may be lowering 
life-altering birth defects by letting 
babies continue growing in a womb.

The looming prospect of gestation 
outside a woman’s body has some 
ethicists raising concerns, such as 
women being compelled to use the 
device to shorten pregnancy leaves. 
Dena Davis, a professor of bioethics 
at Lehigh University, sees this concern 
as overwrought.

“I don’t think anyone’s 
going to force a woman to 
have a C-section and use 
this thing,” she says.

Davis focuses instead on 
the potential benefits the 
technology could bring. 
“I actually think this 
could be a fabulous thing,” 
she says. “The absolute 
worst place for a preemie 
is a neonatal ICU.” The 
units can be bright, noisy 

and stressful.
Marcus Davey, a Biobag team 

member and developmental physiolo-
gist at CHOP, stresses that the device 
isn’t meant to reinvent pregnancy. 
He still doesn’t think it will work for 
babies born earlier than 23 weeks — a 
crucial window for development. And 
they don’t plan on trying.

“The main goal is to offer an alter-
nate therapy for these infants born at 
23 to 25 weeks,” he says. “The current 
standard of care is putting them on a 
ventilator and giving them a high level 
of oxygen. We’ve been doing that for 
25 years, and mortality and morbidity 
rates in these infants, it really hasn’t 
shifted.”  NATHANIEL SCHARPING 

It’s birth 
without 

pregnancy. 
As The 
Matrix’s 

Neo might 
say: Whoa.
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EVERYDAY COMPANIONS
Bacteria are everywhere we are. Tasha Sturm, a lab technician at Cabrillo College in Aptos, Calif., has been swabbing common objects for 14 years, 
culturing her discoveries and teaching the technique to students in fourth grade and up. Although she doesn’t have time to positively identify her 
finds, she can sometimes eyeball it based on morphology, and she photographs the cultures in her free time. (A) This sample harvested from a shoe 
sole is either yeast or Bacillus, a genus of bacteria with members that can cause anthrax or food poisoning. (B) Yeast from a lab table overtake 
smaller colonies. (C) These potential bacilli came from a backpack and (D) an unwashed fingertip. After a few days to a month, these samples grew 
to be dime-sized except the fingertip sample, which is pea-sized.  ERNIE MASTROIANNI; PHOTOS BY TASHA STURM/CABRILLO COLLEGE/MICROBEWORLD
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appreciate a fine value.

The difference between priceless & overpriced. High-end 
design should not carry a high price just because it
comes from a big name retailer, where you’ll find
a similar necklace  going for four times as
much. We prefer to keep our costs low so
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Call today!

A co l l e c t ion o f  impeccable  de s ign & cra f t smanship  f rom Ita ly.

Call today. There’s never been a better time to let your elegance shine. 18884445949
Offer Code: RFC18001. You must use the offer code to get our special price.

The Argento Byzantine Necklace is 
an impeccable work of art with a price 
unmatched by any in its class.

14101 Southcross Drive W., Dept. RFC180-01, Burnsville, Minnesota 55337  www.raffinatoitaly.comRaffinato™

The classic Byzantine
chain pattern has stood
the test of time for over 

2,500 years

Raffinato™
——— Italy

What our Italian jewelry expert
Daniele Zavani is saying about the
Raffinato™ Argento Necklace:
Bellissimo! 

Stupendo! 
Magnifico!

The Next
Great Italian
Masterpiece

•  Made in Arezzo, Italy  •  .925 sterling silver   •  18" necklace; lobster clasp

Also available Raffinato™ Agento Byzantine Bracelet  Stunningly wellpriced at $39+ S&P 

Raffinato™ Argento Byzantine Necklace 

Stunningly affordable $79+ S&P
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Geographical Distribution
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19 & 
under 

20-24 

25-34 

35-44 

45-54 

55-64 

65+ 

2.6%

3.5%

12.2%

21.7%

25.2%

14.3%

20.4%

Northeast: 
6.1%

South: 
13.5%

Midwest: 
37.4%West: 

43%

Race

Farmers/agricultural workers
Other occupations

Work in family 
business 9.6%

Suicide Rates Per 100,000 Workers

Demographics and Characteristics 
of Victims of Suicide

Source: “Trends and Characteristics of Occupational Suicide and Homicide in Farmers 
and Agriculture Workers, 1992-2010,” National Rural Health Association, 2017
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73%

36%
Roughly how many children were included in an analysis of 
the relationship between a Norwegian child’s birth month 
and their likelihood of getting diagnosed with ADHD and 
prescribed medications. Turns out, doctors are more likely 
to diagnose the youngest kids in their grade — born from 
October to December — than the oldest — those born 
January to March.

The increase in risk new drivers 
with attention deficit/hyperactivity 

disorder (ADHD) face of getting 
into a car crash, compared with new 

drivers who don’t have the condition.

16 MI
NU

TE
S The slash in response time to out-of-

hospital cardiac arrests experts saw 
in simulations where they used drones 
as first responders compared with 
ambulances that had to battle traffic.

510,000 

The spike in carbon dioxide released 
from Alaska’s tundra from 1975-2015. 
Atmospheric scientists found that warming 
temperatures have caused a delayed 
freezing of arctic soil in the early winter 
months, which normally traps the gas.

2
17%

Degrees of Separation
From heart problems to warming temperatures.

The decrease in out-of-hospital cardiac 
arrests researchers observed in a pilot 
study of the Portland, Ore., area after 
the Affordable Care Act went into effect. 
Only middle-aged Portlanders, 45-64 
years old, saw this benefit, though — 
the nearly universally insured elderly 
population, 65+, saw no changes.

How often men should knock boots 
weekly to potentially reduce their risk of 

cardiovascular disease. Doing the dirty 
deed seems to lower blood levels of 

homocysteine, an amino acid that’s been 
associated with artery plaque buildup. TI

M
ES

Suicide Rates of U.S. 
Farmers and Agriculture 

Workers, 1992-2010
Farmers and others working America’s land face 
a greater suicide risk than those in other jobs.

TRENDING
BY LACY SCHLEY
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Note: 2008 and 2010 data 
either aren’t available or 
don’t meet the publishing 
criteria for the Bureau of 
Labor Statistics.



It’s a no-brainer to harness renewable energy sources like solar 
and wind. But a recent study in PNAS suggested that wind (and 
other renewables) will fall short of slashing carbon emissions, 
because there just isn’t enough of it in the U.S. Based on data 
from a company owned by one of the study’s authors, this 
map’s white areas show where wind turbines would be most 

effective — but because wind isn’t available all the time, they’d 
only produce roughly 50 percent of the energy wind turbines 
could at maximum capacity. Cooler colors indicate spots where 
turbines would have little impact. The team’s suggestion? Focus 
on investing in backup sources, like nuclear and bioenergy, to 
pick up the slack that renewables can’t cover.
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Source: NOAA’s High Resolution 
Rapid Refresh data

els like you are
shaking hands

with these people
by recovering their

personal possessions.
 — Swedish underwater archaeologist Brendan 

on retrieving artifacts from ancient sunken sh

Foley explores an ancient shipwreck off the coast of Greece.
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THE CRUX
Q&A

LIKE MANY UNDERGRADS 
IN SCIENCE FIELDS,  
CINDY WU was intrigued by an 
academic career in research. After 
the biology major graduated 
in 2011, she worked as a research 
assistant at the University of 
Washington in Seattle, her alma 
mater. While there, she wanted to 
repurpose a treatment for anthrax 
to help clear up staph infections, 
but wasn’t sure how to get money 
for her idea. When she approached 
her adviser about it, Wu recalls he 
had this to say: “The system doesn’t 
fund people like you: The amount 
of money you need is too small, and 
you don’t have enough preliminary 
data to make a case.”

Ordinarily, researchers in the U.S. 
apply for federal grants through 
agencies such as the National 
Institutes of Health (NIH) or the 
National Science Foundation (NSF). 
But only a fraction of proposals get 
funded, and it might take months 
to receive the money.

Although her adviser, 
bioengineer James Bryers, 
eventually funneled money from 

another grant to Wu’s project, 
she wondered how many 
scientific ideas weren’t 
pursued because of a 
lack of funding. So she 
collaborated with fellow 

UW alumnus Denny Luan 
to found Experiment — 
an online crowdfunding 
platform like Kickstarter, 

but for scientists. (And 
as for Wu’s staph infection 
work, she started collecting 
data but left Bryers’ lab 
before it was finished.)

Since its 2012 launch, 
Experiment has supported 
over 700 projects, and 
backers — other researchers, 
research institutes and citizens 
— have cumulatively pledged 
more than $7 million toward 

those ideas, like a virtual 
reality treatment for kids with 

attention deficit/hyperactivity 
disorder, and sequencing the 
genome of Azolla, a plant that 
could help boost crop yields.

Wu spoke with Discover about 
Experiment and how it fits into 
today’s climate of financing science.

Q What aspect of Experiment 
do you think has the most 

potential? 

A I’m most excited about 
when the majority of 

researchers on Experiment can 
openly share how science is 
done. So any other human could 
come in, change one variable 
and do another experiment on 
Experiment. For instance, I can 
run a project where I delete a 
gene in yeast to turn it from white 
to red. Then, someone else can 
tweak a project like that and add 
a gene to make their yeast smell 
like bananas. I think that’s where 
the platform can be the most 
powerful — that’s where we can 
get to a world where anyone can 
do science.

Q What sort of criticisms has 
Experiment received?

A Some people say it will 
never work, it will never 

replace the government. But 
we’re not trying to replace the 
government. I don’t think what 
we’re doing is any different 
from what’s already being 
done — foundations are always 
giving money to specific areas 
of research. We’re just making it 
easier for people to do that. What 
we’re doing is enabling people to 
get connected faster.

Q We’re hearing about the 
proposed budget slashes to 

NIH and NSF. How are scientists 
reacting, and how do you see 
Experiment responding to 
researchers’ needs? 

A The general sentiment 
is scientists are really 

concerned, and they don’t really 
know what to do. But I don’t 
know that the NIH and NSF 
budgets impact how scientists use 
Experiment. These agencies are 
good for us because without them, 
there wouldn’t be an ecosystem 
of scientists who can devote their 
whole careers to research. The way 
I look at it is there’s a funnel of 
people who want to do science, 
and Experiment is just making that 
funnel a lot bigger.  WUDAN YAN

Group Effort
A scientist creates a crowdfunding 
platform for other researchers. 
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→Stephen arrived home around 
midnight after spending the 

evening with friends. Hours later, his 
mother, Helen, heard strange sounds 
coming from the 19-year-old’s bedroom. 
She found him lying face down on his 
bed. He had choked on his own vomit, 
most likely as a result of alcohol intoxi-
cation. He wasn’t breathing.

Stephen sustained severe brain 
damage due to lack of oxygen for 10 to 
15 minutes. Two months later he was 
declared to be in a persistent vegetative 
state. People in this condition can some-
times grunt and groan, but otherwise are 
completely unresponsive to the world.

Vegetative patients can live for several 
years, sometimes decades, and usually 
die from infections, organ failure or 
complications related to their original 
injury. Extremely few recover some 
ability to communicate and comprehend 
their environment.

In recent years, neuroscientists 
have found that perhaps as many as 
20 percent of patients who appear 
to be vegetative actually have some 
consciousness. Doctors determine 
this through tracking brain activity in 
response to questions.

Tests on Stephen showed no such 
consciousness. And yet he eventually 
recovered and resumed his life, some-
thing that almost never happens. How 
did Stephen beat such long odds?

BEYOND HOPE?
On that summer morning when Helen 
discovered her son dying, Stephen was 
rushed to the local hospital. A CT scan 

showed extensive damage to the white 
matter in his brain, including the 
frontal and parietal lobes, regions 
critical for working memory, attention 
and other high-level cognitive func-
tions. On admission, his score on the 
Glasgow Coma Scale was 3 out of 15. 
You can’t score lower than a 3 — even 
the dead can hit that number. Stephen 
spent several months in the hospital 
without improvement.

A vegetative state can be caused by a 
traumatic brain injury, such as a sharp 
blow to the head, or a non-traumatic 
brain injury like oxygen deprivation, 
a viral infection or stroke. People with 
traumatic brain injuries may show some 
improvement within the first year. But 
for non-trauma patients like Stephen, 
if  they don’t make progress in the first 
few months, they’re usually considered 
beyond hope of recovery.

Though people in vegetative states 
are cognitively non-responsive, the 
brain stem and the brain region called 
the diencephalon are usually preserved. 

The diencephalon regulates sleep-wake 
cycles and motor reflexes, while the 
brain stem controls automatic functions 
like breathing, blood pressure, heart 
rate, swallowing and pupil dilation. In 
sharp contrast, people who are in comas 
often need a ventilator to breathe, can’t 
open their eyes and do not have sleep-
wake cycles.

Because so many basic biological 
functions remain intact for vegetative 
patients, they are often cared for at 
home. Sure, it’s not easy; they’re fed 
and hydrated through tubes and have 
hygiene needs. But it is doable for a 
dedicated family. After several months 
in the hospital, Stephen had regained 
the ability to breathe on his own and 
went home. Soon after, the family 
brought him to the Brain and Mind 
Institute at Western University in 
Ontario, Canada, where my team and I 
evaluated him.

FAMILY MEDICINE
For four days, we tested Stephen using 
every tool at our disposal, looking 
for some sign of inner life. Stephen’s 
eyes rolled in his head and did not 
appear to focus on anything, and his 
reflexes occasionally jerked his body. A 
functional MRI (fMRI) scan and an 
electroencephalogram (EEG), both of 
which measure brain activity, yielded no 
positive results.

Many families of these patients 
resort to alternative therapies, because 
no conventional treatments are effec-
tive. Stephen’s family tried hyperbaric 
oxygen therapy, a well-established 

Border 
Line
A young man with a massive 
brain injury straddles the world 
between life and death.
BY ADRIAN OWEN

In recent years, 
neuroscientists have 
found that perhaps 

as many as 20 percent 
of patients who appear 

to be vegetative 
actually have some 

consciousness.

Vital
Signs



Do you get discouraged when 
you hear your telephone ring? 
Do you avoid using your phone 
because hearing difficulties make 
it hard to understand the person 
on the other end of the line? For 
many Americans the telephone 
conversation – once an important 
part of everyday life – has become 
a thing of the past. Because they 
can’t understand what is said 
to them on the phone, they’re 
often cut off from friends, family, 
doctors and caregivers. Now, 
thanks to innovative technology 
there is finally a better way.

A simple idea… made possible 
with sophisticated technology. 
If you have trouble understanding 
a call, captioned telephone can 
change your life. During a phone 
call the words spoken to you 
appear on the phone’s screen – 
similar to closed captioning on 
TV. So when you make or receive 
a call, the words spoken to you 
are not only amplified by the 
phone, but scroll across the 
phone so you can listen while 
reading everything that’s 
said to you. Each call is 
routed through a call center, 
where computer technology – 
aided by a live representative 
– generates voice-to-text 
translations. The captioning 
is real-time, accurate and 
readable. Your conversation is 
private and the captioning service 
doesn’t cost you a penny. Internet 
Protocol Captioned Telephone 
Service (IP CTS) is regulated 
and funded by the Federal 
Communications Commission 
(FCC) and is designed exclusively 
for individuals with hearing loss. 
To learn more, visit www.fcc.gov. 
The Hamilton CapTel phone 

requires telephone service 
and high-speed Internet access. 
WiFi Capable. Callers do not 
need special equipment or a 
captioned telephone in order 
to speak with you.

Finally… a phone 
you can use again. 
The Hamilton 
CapTel phone is 
also packed 
with features 
to help 
make phone 
calls easier. 
The keypad 
has large, easy 
to use buttons. 
You get adjustable 
volume amplification 
along with the ability to save 
captions for review later. It even 
has an answering machine that 
provides you with the captions 
of each message. 

See for yourself with our 
exclusive home trial.  Try a 
captioned telephone in your 
own home and if you are not 
completely amazed, simply 
return it within 60-days for a 
refund of the product purchase 
price. It even comes with a 
5-year warranty.

The Captioning Telephone is intended for use by people with hearing loss.  In purchasing a Captioning Telephone, you 
acknowledge that it will be used by someone who cannot hear well over a traditional phone.  Hamilton is a registered 
trademark of Nedelco, Inc. d/b/a Hamilton Telecommunications.  CapTel is a registered trademark of Ultratec, Inc.

Breakthrough technology converts phone calls to captions.

New amplified phone lets you 
hear AND see the conversation.
The Hamilton® CapTel® Captioned Telephone converts phone conversations 
to easy-to-read captions for individuals with hearing loss.

81
13

5

“For years I avoided phone 
calls because I couldn’t 
understand the caller… 

now I don’t miss a thing!”

Captioned
Telephone

Call now for our special 
introductory price!

Call now Toll-Free 

1-877-511-4812 
Please mention promotion code 106856.

No 
Contract 
No 

M
onthly Fee

SEE what 
you’ve been 

missing!
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treatment for decompression sickness 
that involves a person breathing pure 
oxygen in a pressurized room or 
chamber. Helen also gave him herbal 
supplements, and she held ice to his 
feet and coffee grains below his nose 
in an attempt to trigger physiological 
reactions and memories.

Did any of this help Stephen recover? 
I don’t think so. There’s no science that 
shows these techniques are effective for 
people in vegetative states. While we have 
learned a tremendous amount about the 
brain and the tenuous, fragile nature of 
consciousness, we’re only now starting to 
figure out why some people recover from 
brain injury and some do not.

STEPHEN’S RETURN
Months after I had first examined him, 
Stephen began his return. It all started 
when he laughed at an offhand comment 
by his mother. Gradually he started 
speaking, eating on his own, brushing 
his teeth and regaining the ability to 
walk through physical therapy, although 
most of the time he used a wheelchair to 
get around.

I invited Stephen to visit us so we 
could better understand how he had 
recovered and what he remembered, if  
anything, of our tests.

He described in detail the many tests 
he had undergone while he appeared to 
be in a vegetative state. He remembered 
the electrodes being placed on his head 
for the EEG and being inside the fMRI 
scanner. We showed him pictures of lab 
workers — some who tended to him dur-
ing his lab stay and others who did not. 
And we showed him pictures of rooms 
where he was examined and pictures of 
rooms where he wasn’t. Stephen cor-
rectly identified the people who worked 
with him and the rooms he was in.

A year later, I drove out to his house 
for another follow-up. “What do you 
want to talk to me about?” said Stephen, 
now an intense-looking 21-year-old with 
trimmed dark hair and dark eyes. I sug-
gested he tell me about his experiences in 
the hospital’s ICU after his brain injury.

“I felt like I was trapped,” he said. 
“But I wasn’t terrified or despairing. I 
knew that I was going to get through it.”

He said he was not in pain and that he 
constantly tried to communicate.

“It was like being inside my body, but 
not being able to control it.”

 
TALKING TO BRAINS
There is no medical term for Stephen’s 
condition: being conscious yet com-
pletely unable to communicate and 
control body movement. Locked-in syn-
drome comes close, but those patients 
are able to move their eyes (helpful when 
responding to questions), something 
Stephen could not intentionally do.

Clinically speaking, he was in a 
vegetative state. But how could we have 
missed his flickering consciousness?

Oxygen deprivation damages brain 
areas randomly. A person might sustain 
slight damage to the motor cortex and 
end up paralyzed on one side. Another 
person might endure damage to areas of 
the brain that connect the motor cortex 
with the thalamus, which we know 
regulates consciousness, and results in a 
vegetative state.

The second scenario is likely what 
happened to Stephen. Damage to 
this area can also mask brain activity 
normally picked up with scans, explain-
ing why we missed it. Stephen recovered 
because the connection between two 
regions in his brain either regrew or the 
brain linked them in a new way.

His case underscores the limitations 
of fMRI and EEG for determining 
consciousness. An alternative has 
recently emerged: fNIRS, or functional 
near infrared spectroscopy, which 
uses a laser to detect brain activity by 
measuring oxygenation in the blood. 
It’s portable and less expensive than 
fMRI. And it’s shown promise in 
detecting active areas of the brain more 
accurately than an EEG. 

Eventually fNIRS could be used in 
patients’ homes so they can communi-
cate with family members. They might 
ask, “Do you feel good or bad today?” 
To respond “good,” the person might 
be instructed to imagine one task (such 
as playing tennis) that would light up a 
specific region of the brain. To respond 
“bad,” they would be asked to imagine 
something that activates a different part 
of the brain (such as walking through 
the rooms of their home). Recently 
the device was used in the ICU of a 
Canadian hospital to ease communica-
tion between a patient and his doctors. 

While there’s still no medically proven 
way to bring someone back from the 
gray zone between life and death, a 
portable fNIRS could increase the 
quality of life of a nonresponsive but 
cognitively aware person.

As for Stephen, his quality of life 
continues to improve. He is studying life 
sciences at a university, and is close to 
leaving his wheelchair behind.  D

Adrian Owen is a neuroscientist at 

Western University in Ontario, Canada. 

This story was adapted from his book 

Into the Gray Zone: A Neuroscientist Explores 

the Border Between Life and Death. The cases 

described in Vital Signs are real, but names 

and certain details have been changed.

This wallet-sized fNIRS device developed 
at Tufts University uses a laser to detect brain 
activity. The unit, which has been shown to 
be more accurate than an EEG, is held on a 
patient’s forehead and linked to a computer.

Vital
Signs



•  Precision movement  •  Digital and analog timekeeping  •  LED subdials  •  Stainless steel crown, caseback & bracelet  
•  Dual time zone feature  •  Stopwatch  •  Alarm feature  •  Calendar: month, day, & date  •  Water resistant to 3 ATM  •  F   its wrists 7" to 9"

Stauer…Afford the Extraordinary.™

“Blue face 
watches are 
on the discerning 
gentleman’s 
‘watch list’.”
– watchtime.com

Every once in a while a timepiece comes along that’s so incredibly
good looking, masterfully equipped and jaw-droppingly  priced,

that it stops us stone cold. A watch that can take you seamlessly from
the 18th hole to the board room. A watch that blurs the line 
betweens sports watch and dress watch. We’re talking the Blue Stone
Chronograph, and it sits at the top of the discerning gentleman’s
watch list. 
Striking in appearance and fully equipped with features, this is a
watch of substance. The Blue Stone merges the durability of steel
with the precision of crystal movement that’s accurate to 0.2 seconds
a day. Both an analog and digital watch, the Blue Stone keeps time
with pinpoint accuracy in two time zones. 
The watch’s handsome steel blue dial seamlessly blends an analog
watch face with a stylish digital display. It’s a stopwatch, calendar,
and alarm. Plus, the Blue Stone resists water up to 30 meters, making
it up for water adventures. 
A watch with these features would easily cost you thousands if
you shopped big names. But overcharging to justify an inflated
brand name makes us blue in the face. Which is why we make 
superior looking and performing timepieces priced to please.
Decades of experience in engineering enables Stauer to put quality
on your wrist and keep your money in your pocket.

Your satisfaction is 100% guaranteed. Experience  the Blue Stone
Chronograph for 60 days. If you’re not convinced you got excellence
for less, send it back for a refund of the item price. 
Time is running out. Originally priced at $395, the Blue Stone
Chronograph was already generating buzz among watch 
connoisseurs, but with the price slashed to $69, we can’t guarantee
this limited-edition timepiece will last. So, call today!

14101 Southcross Drive W.,
Dept. BSW16501
Burnsville, Minnesota 55337
www.stauer.com

Stauer Blue Stone Chronograph nonoffer code price $395†

Offer Code Price $69 + S&P Save $326
You must use the offer code to get our special price.

18003332045
Your Offer Code: BSW16501 
Please use this code when you order to receive your discount. 

Rating of A+
Stauer®

† Special price only for customers using the offer code versus the price on
Stauer.com without your offer code.

TAKE 83% OFF INSTANTLY!
When you use your OFFER CODE

�����
“The quality of their watches is equal 

to many that can go for ten 

times the price or more.” 

— Jeff from 

McKinney, TX

Stone Cold Fox
So good-looking...heads will turn. So unbelievably-priced...jaws will drop.
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→ Johannes Schmidt spent 25 years 
chasing an enigmatic fish across 

the Atlantic Ocean. The Danish biolo-
gist surrendered the hunt only after his 
ship was torn to pieces on a Caribbean 
coral reef. Schmidt was trying to 
solve an ancient mystery about one of 
nature’s strangest fish: eels. Aristotle 
suggested the slithering species emerged 
spontaneously from the earth. But by 
the early 1900s, Schmidt and others 
suspected eels bred in the open ocean, 
instead of their lifelong freshwater 
homes.

Schmidt’s early sea expeditions 
stayed close to shore, casting nets off  
European coastlines. Then, in 1904, he 
caught a young eel south of Iceland, 
implying the fish were indeed spawning 
at sea. So Schmidt journeyed farther 

into the open ocean. 
The tinier the eels he found, the 
closer he figured he was to their spawn-
ing grounds.

Eventually, he sailed from northern 
Europe toward the Caribbean, ulti-
mately catching dime-sized eels near the 
Sargasso Sea. It’s an enormous patch 
of seaweed in the southwest Atlantic 
Ocean. He guessed this calm stretch of 
ocean was the eel asylum — 
the place where European and 
American eels are born, spawn 
and die.

It’s been nearly a century 
since Schmidt’s hypothesis, but 
eels still haven’t surrendered 
their secrets. We now know 
that American eels inhabit 
streams, lakes and rivers from 

Venezuela to Greenland, and the simi-
lar (yet genetically distinct) European 
eels live anywhere from Norway to 
North Africa. But scientists still haven’t 
seen these eels spawning. So, that eel 
you ate on your sushi roll? No one 
knows for certain where it was born.

THE HUNT
In recent years, however, scientists have 

been closing in. Like Schmidt, 
they’re trying to track eels 
as they migrate back to the 
Sargasso Sea. To crack the 
case, Canadian researchers 
devised a way to attach satel-
lite tags to the eels to trace 
their routes during the 1,500-
mile swim from shore.

Along the rugged coast of 
Nova Scotia, scientists caught 
several dozen eels in 2014. 
They dumped the slithering 
fish into a water tank in the 
back of a pickup truck and 
drove to the little village of 
Bay St. Lawrence. There, the 
team attached satellite track-
ing tags — picture several feet 
of eel dragging a huge fishing 
lure — and put the fish back 
in the Atlantic. They’d tried a 
similar feat the two previous 
years, releasing the squirm-
ing fish from a nearby estuary, 
but sharks ate all the eels 
before they reached the open 
ocean. Just eight of the 38 eels 
released over the course of the 
three-year experiment even 
made it to the ocean.

Biologist Mélanie Beguer-
Pon of Quebec’s Laval 
University says tracking 

The Vanishing Eels
Scientists reveal new clues about one of  
nature’s most mysterious migrations. 
BY ERIC BETZ
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For a century, scientists have suspected American and European eels swim vast distances to spawn in the 
Sargasso Sea. But until recently, no one had ever seen an adult eel there, or any signs of spawning. Now 
researchers are trying to unravel how they do it. 
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the eels is hard because the tags are 
cumbersome for the eels. They’re also 
expensive, so scientists can only buy 
so many. 

NO. 28
One eel from the 2014 tracking 
attempt did make the team’s efforts 
worthwhile. Eel No. 28 swam from 
Nova Scotia and reached the far 
northern limit of the suspected 
Sargasso Sea spawning site — a first. 
But that’s where No. 28’s tag popped up 
to the surface, as designed, leaving the 
team to guess at its fate.

“We don’t know what happened to 
the eel and why it went much farther 
than the others,” Beguer-Pon says. “We 
just hope that eel No. 28, as the other 
tagged eels, all made it to the spawning 
area in the Sargasso Sea.”

No. 28 also taught Beguer-Pon’s 
team about its migration route. The fish 
commuted in two phases. First, it swam 
north along the continental shelf in 
shallow waters about 100 miles from the 
Canadian coast. Then it made a beeline 
south for the Sargasso, vanishing east 
of Bermuda and confirming Schmidt’s 
theories nearly a century earlier.

And late last year, a large group of 
European scientists published their 
results of tracking eels from that 

continent. They tagged some 700 eels, 
but only 87 made it from coastal waters 
into the open ocean. Then predators ate 
most of the fish not long after they left 
the coast. None made it to the Sargasso.

“How they get there is not known,” 
says behavioral ecologist David Righton 
of the Centre for Environment, 
Fisheries and Aquaculture Science, “or 
why the journey has become so long 
over evolutionary time.”

Other adult fish, like salmon, live 
their lives at sea and return to the rivers 
and streams of their birth to spawn. 
Eels do the opposite: They’re born in 
the Sargasso, and then ocean-spanning 
currents carry them to their home 
waterways, whether that’s in Maine 
or Maryland. That ride determines 
where they end up. But on their return 
trip, eels aren’t heading for some set 
location. The Sargasso Sea’s boundaries 

shift because it’s surrounded by ocean 
currents; it’s the only sea not bounded 
by land. So how do adult eels know 
where to go?

“Navigation is likely helped by a 
number of cues and clues like odor, 
magnetism and other oceanographic 
features,” says Righton, the lead author 
on the 2016 European study published 
in Science Advances. 

A GREAT MIXING
Recent genetic studies are also 
uncovering clues about eels’ hidden 
spawning. Lab studies reveal that 
European and American eels each 
belong to a single population. So an 
eel that lives in a Norwegian fjord 
is no more cold-adapted than one 
living in the Mediterranean. It implies 
that these eels, like their kin in other 
oceans, breed in massive orgies, with 
European eels mating somewhere 
east of American eels. Scientists call 
it panmixia. “It takes place deep in 
the water column, not on the surface,” 
says ecologist José Martin Pujolar of 
Denmark’s Aarhus University. “That’s 
why no one has seen it.” 

To picture this secret spawning, 
imagine swarms of eels writhing about 
in the dark. The males cast their sperm 
into the water. The females are fertilized 

The Sargasso Sea’s 
boundaries shift 

because it’s surrounded 
by ocean currents. 

So how do adult eels 
know where to go?
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Scientists recently released 
satellite-tagged eels along the 
Nova Scotia coast and tracked 
one all the way to the Sargasso 
Sea — a first. Researchers (from 
left) Julian Dodson, Martin 
Castonguay and Melanie Beguer-
Pon hold an eel that will soon be 
swimming to the Sargasso.



24  DISCOVERMAGAZINE.COM

CL
O

CK
W

IS
E 

FR
O

M
 TO

P 
LE

FT
: H

EA
TH

ER
 P

ER
RY

/N
AT

IO
N

AL
 G

EO
G

RA
PH

IC
 C

RE
AT

IV
E;

 S
TA

N
 H

O
N

DA
/G

ET
TY

 IM
AG

ES
; R

O
BE

RT
 A

LE
XA

N
DE

R/
G

ET
TY

 IM
AG

ES

at random — no natural selection dur-
ing breeding — and then lay millions of 
eggs. Afterward, all the adults likely die. 
The little orphan eels then venture back 
to their species’ coast. 

“These are tiny little creatures, and 
they do not swim that well,” says ocean-
ographer Irina Rypina with the Woods 
Hole Oceanographic Institute. Her 
team modeled how eel larvae traverse 
the Atlantic and found that the tiny fish 
must swim their way toward currents, 
which help them along to far-off shores. 

Earlier this spring, an American-led 
team of scientists explained how that 
happens in the journal Current Biology. 
The team let young eels swim around 
a contraption that mimicked the mag-
netic fields found along the animals’ 
migratory path. Rather than guiding 
the little swimmers toward land, the 
researchers found infant eels have a 
“map sense” that steers them toward 
the Gulf Stream, which offers an easier 
ride toward Europe. Another team, 
which published results in Science 
Advances in June, tested even younger 
eels in a Norwegian fjord and found 
similar magnetic navigation abilities. 

CATCH AS CATCH CAN
Scientists hope that unraveling the eels’ 
secrets will help recovery efforts. Baby 

eels, called elvers, now face a major 
obstacle to survival. Elver fishing is 
booming in Maine and along the East 
Coast. The Japanese have obsessed over 
“unagi no kabayaki,” a type of grilled 
eel, since ancient times. So as global 
fisheries have banned the capture of eels 
to protect populations — Japan did so 
after the 2011 tsunami — consumers 
have turned to American eels. European 
eels are also critically endangered. 

American fishermen can now net 
thousands of dollars per pound for the 
live, squirming elvers. Once caught and 
sold, they’re shipped to farms in China 
and Japan, where they’re raised to 
adulthood and sold globally for sushi. 

That makes understanding the 
natural migratory path crucial to 
preserving the species. For instance, 
knowing that eels in Spain and Sweden 
are no different could add geographic 
flexibility to reintroduction efforts. 
And a better understanding of how 
eels reproduce might one day let people 
farm eels from birth, something that’s 
currently impossible. But until cameras 
catch eels spawning in the Sargasso 
Sea, scientists can’t fully claim they’ve 
put Aristotle’s mystery to rest.  D

Eric Betz is an associate editor at Discover. 

He’s on Twitter: @ericbetz

Scientists hope that 
unraveling the eels’ 

secrets will help 
recovery efforts.  

Baby eels, called elvers, 
now face a major 

obstacle to survival.

Once they reach freshwater, juveniles become glass eels 
(left). This tiny glass eel (above) was caught in a New York 
creek during a population monitoring project.

Grilled eel, or unagi, is a Japanese favorite.
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I’m lying on my back in the tunnel of an MRI scanner, my skull immobilized in a head 

coil, which looks like a cage fighter’s mask. There’s a vitamin E capsule taped to the 

right side of my forehead. The head coil controls variations in the scanner’s magnetic 

field and the capsule has to do with scan orientation, in the same way that surgeons will 

write on your right leg so they don’t mistakenly operate on your left.

A writer taking part in an aging study explores 
his senior moments. BY JEFF WHEELWRIGHT PHOTOS BY DAVID ZENTZ

This Old 
Brain

I’m sporting headphones and watching a projec-
tion of  a Tom and Jerry cartoon from the 1950s, 
and different parts of  my brain are presumably 
paying attention. Meanwhile, the scanner is taking 
slices — noisy, virtual slices — of  my gray and 
white matter. The purpose is to illuminate the fea-
tures of my brain that are processing Jerry running 
from Tom. From that information, the scientists in 
charge can make a wiring diagram of  my brain, 
flickering in time with the images.

I feel childlike and helpless. I may have seen this 
cartoon 60 years ago, but I can’t remember. Relax, 
I remind myself. Just stay still. Cognitive decline at 
my age is expected.

“How are you doing,  Jeff ?” Taylor 
Kuhn asks through the headset. Kuhn, a post-
doctoral research fellow in cognitive psychology 
at the University of  California, Los Angeles, has 
a courtly Southern accent, like one of  the aristo-
cratic characters in Gone With the Wind. (What 
was his name? Ashley. Yes, Ashley something. 
“Oh, Ashley,” Scarlett gushes.)

“Jeff,” Kuhn interrupts, “we’re going to do the 
name-association task.” I notice that the scanner 
is silent, waiting. “OK,” I say. We practiced this 
exercise beforehand. The MRI cranks up again, 
sounding like a cross between a jackhammer and a 
dentist’s drill. A face flashes on the screen directly 
above me, along with a name. I try to memorize the 
pairing, after which I press a button on a console 
resting on my lap. Another face and name appear, 
and my working memory, such as it is, gamely 
records the association. And so on, perhaps a 
dozen in all.

I set hasty mnemonic cues, like bread crumbs. 
Peter has dark hair. Mary’s hair is long and 
lank — lank hair equals Mary. Stuart is the guy 
who looks blah. Here’s another blah guy. Wait, 
was he Allen? My recall is supposed to be tested 
later, outside the scanner, but Kuhn and Susan 
Bookheimer, the clinical neuropsychologist who 
is the principal investigator of my brain, have 
assured me that my recall doesn’t matter as much 
as the neurological tracks of my memorization. 
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They are interested in the brain’s connectivity.
This is all part of  a UCLA study of the human con-

nectome, senior division. I think of  it as neuroscience 
2.0. Connectome, connectomics and connectivity are 
newish terms stemming from the technical capacity to 
capture and visualize neural networks. Research has 
moved beyond the exploration of  parts, i.e., the ana-
tomical and functional description of  the brain’s com-
ponents. For human studies, neuroscience 1.0 depended 
largely on effects of  injuries. When a brain-damaged 
person lost function in a particular region, scientists 
learned what that area does in the normal state. But the 
brain’s parts don’t run in isolation. With imaging tools 
like positron emission tomography (PET) and especially 
functional magnetic resonance imaging (fMRI), the 
connections among brain areas are literally becoming 
clearer. Where X-rays and first-generation MRI depict 
structure, the newer scans show activity.

For example, scientists have known for decades that 
the hippocampus, a structure in the middle of the brain, 
has the lead role in the formation and preservation of 
memories, and is one of the regions that shape a person’s 

identity. The hippocampus is a few inches from the pre-
frontal cortex, about as far, relatively, as the alternator 
and carburetor are in an automobile engine. The fMRI 
can show the two parts working together under the hood. 
Connectomics not only maps the circuitry of the links 
and nodes, the so-called structural connectivity of  the 
brain, but also the dynamic correlations that arise among 
regions when circuits are active: the functional connec-
tivity. Even when it’s not thinking or doing work at all, 
just fleeting for no reason over a scene in Gone With the 
Wind, the brain is fully powered. Systems are humming 
and active, as in an idling car before the light turns green.

MIND AND MATTER
The Human Connectome Project (HCP), a joint ven-
ture of  a dozen universities that launched in 2012 with 
support from the National Institutes of  Health, aims 
to create a database of  connectivity patterns. The HCP 
has sketched an engine manual, so to speak, of  normal 
and healthy brain function, drawn from hundreds of 
fMRI scans. The subjects of  these scans were young 
adult siblings. In the latest phase of  the project, chil-
dren and older people are being enrolled so that scien-
tists can learn how connectivity changes as the brain 
waxes in youth and wanes in old age. Bookheimer’s lab 
at UCLA is one of  the research sites processing the 
latter group. The overall HCP-A (A for aging) cohort, 
when complete, will have involved 1,208 people ranging 
from 36 to over 100 years old.

Autopsy and scanning studies indicate that a healthy 
69-year-old like me has been shedding brain matter at 
a rate of 0.5 percent per year for a decade and probably 
longer. My hippocampus, if I’m typical, has begun to 
lose neurons even faster, perhaps 2 percent annually. 
Senior moments have become laughably common, as 

the bonds between the names of things and the things 
themselves loosen and in a few cases vanish altogether. 
But I can still write a pretty good sentence, heartened 
that the cognitive decline that might be expected to 
accompany the brain’s atrophy is neither linear nor 
predictable, partly because older brains compensate 
by forging workarounds in connectivity. For familiar 
and basic tasks, the aging brain opens new pathways, 
enlisting untapped regions and neurons, installing 
patches where needed.

By contrast, the loss of neurons in Alzheimer’s 
disease is pronounced and rapid, and so too the 
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mental failing. MRI scans suggest that structural and 
functional connectivity has gone haywire. Orderly 
networks give way to disorderly new webs, as if the 
brain were a drowning person flailing and grabbing 
onto whatever it can for support.

About 10 percent of  Americans older than 65 have 
Alzheimer’s, roughly 5 million people, a number 
that can only grow as the nation’s population ages. 
Research has centered on detecting and countering 
amyloid plaques and neurofibrillary tangles — the 
protein complexes that clog synapses and destroy 
neurons. Unfortunately, normal aging entails plaques 
and tangles, too. MRI and X-rays cannot see them 
accumulate in the hippocampus and other structures. 
By the time the build-up is visible on a PET scan, it’s 
too late to stop the effects of  disease. So as they ana-
lyze connectivity patterns, the scientists of  the HCP-A 
project hope to establish points where healthy aging 
and unhealthy degeneration diverge. “Where do you go 
off  that trajectory to a disease state?” asks Beau Ances 
of  Washington University in St. Louis, who is HCP-A’s 
lead investigator.

If  the connectome project can set the baseline 
parameters of  normal aging, Ances notes, “other 
investigators can take the scans and ask, ‘Where do 
my patients fit?’ ” In effect, we are the control group 
for studies yet to come. To the extent that the HCP-A 
inventory contains dementias in waiting, scientists may 
explore hypotheses about the nascent stages of  disease. 
Nearly half  of  us will be scanned again in two years, 
and our health checked thoroughly. Beyond that, the 
plan is uncertain. “We will probably request funds to 
continue follow-up when this [five-year] grant expires,” 
says Bookheimer. “It is definitely important.”

PINWHEEL FOR THE BRAIN
The MRIs comprise only part of the data. Each HCP-A 
participant is put through a battery of  cognitive, psy-
chological and even physical testing. Working with 
Bookheimer’s team — Kuhn and Mirella Diaz-Santos, 
who are postdocs, and Kevin Japardi, a staff  research 
associate — I answer scores of questions while they take 
notes. I rate my feelings about the situations in my life in 
terms of “a lot,” “a little” or “not at all.” Several times 
I am asked, in different ways, if  I have ever suffered a 
head injury. I provide measures of  blood pressure, eye-
sight and grip strength. I give a blood sample for genetic 
analysis. Somewhat to my discomfort, the question-
naires pinpoint my psychological flaws. As a gauge of 
stamina, I walk rapidly for two minutes around traffic 
cones on the carpet in the hallway.

Now it’s time for cognitive tests. Seated in front of 
a screen, I am instructed to pronounce a series of very 
obscure, polysyllabic words. While being timed, I draw 
lines between ascending numbers and alphabetically 
ordered letters randomly spread about a page, moving 
from a number to a letter to the next number and so forth. 

Next, my short-term memory is examined — “From the 
series of words I just read to you, tell me as many as you 
can remember.” (Dismally few, it turns out.) I react to a 
stream of geometric shapes, pushing a button for a circle 
or a square but not for any other shapes. Mistakes are 
OK, the young researchers chirp. Easy for them to say. 
I’m older than any two of them put together.

The scientific discipline that incorporates these tasks, 
tests and surveys is called neuropsychology. The neuro-
psychologists for the connectome project will collect a 
large number of  metrics from a large group of  healthy 
(more or less) seniors, and set statistical boundaries 

As part 
of the 
study, the 
author had 
a capsule 
taped to his 
forehead 
(far left) 
and went 
through 
a battery 
of tests that 
included 
(from 
left) grip 
strength, 
walking 
around 
cones, 
timed 
cognitive 
tests and 
reading an 
eye chart.
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reflecting the high, low and middle responses. The spec-
trum will show all of us aging “normally” except where 
a few might fall out of range.

What’s new is the correlation of  our group’s neu-
ropsychological variation with images of  our neural 
mechanisms at work. Thus Bookheimer’s team has me 
repeat a few of the simpler tasks inside the scanner. In 
addition to the name-association task, I do what they 
call the checkerboard game, which is not much of a game 
but rather a test to see how quickly I push a button when 
squares are illuminated on a pinwheeling circle. The 
wheel has a black-and-white checkerboard pattern. As it 
spins and the scanner rhythmically pounds, one or two 
squares on the left or right side of the pattern light up in 
red. The task comes near the end of my second session in 
the machine. I get out feeling like I’ve been at a bad heavy 
metal concert. Again, my score doesn’t matter as much as 
the nodes and links that the activity uncovered.

Since individual results won’t be released, none of us 
who sign up for HCP-A will know where we fit into the 
overarching data. But the investigators, though blind to 
our identities, will know. “We will be able to use your data 
points,” Kuhn explains, “to compare vasculature, corti-
cal thickness, functional networks, etc., across the entire 
group as a function of age.”

Earlier I’d squeezed a dynamometer, a device to mea-
sure grip strength, and I ask the team why they didn’t 
put me to the same test inside the scanner. According to 

recent literature, older 
people employ a dif-
ferent brain network 
than younger people 
when performing this 
task, especially when 
squeezing with their 
less-dominant hand, 
which loses strength 
faster than the other. 
It’s because the time 
in an MRI scanner 
is so expensive, I am 
told. Another reason 

is that the lab’s dynamometers have metal grips, which 
would mess with the scanner’s magnets. Still, the dyna-
mometer results and other external measures can be 
assessed indirectly, by comparing them with the fMRI 
images of my default mode network, or DMN.

The DMN represents the idling state I mentioned 
above. When the brain transitions from performing 
a task to a resting state, it engages a unique network, 
linking a half-dozen regions in the cerebral cortex and 
the hippocampus, just below the cortex. The DMN has 
become one of the most-studied networks of the human 
connectome. The scanner probed my DMN twice; I 
was advised in so many words to simply daydream for 
the eight minutes the scan required. But the DMN is 
more than a daydream factory. Scientists believe it 
orchestrates the rehearsal of  focused activity, in the 

microseconds before you decide to squeeze a dyna-
mometer, say. The network tidies up the circuits before 
memories are retrieved — just before you reach for the 
name of that person who’s just come over and said hello.

JUICY HIPPOCAMPUS
Considering my role as both participant and journal-
ist, the UCLA researchers agree to show me my brain 
structures; other seniors in the project won’t get that 
opportunity. At the end of  the day, I meet with Susan 
Bookheimer for her quick take on my brain’s nuts 
and bolts. (The computer processing of  my functional 
connectivity scans, such as the DMN and the chain of 
regions that lit up during the checkerboard task, will 
require much more time.) Previously, Bookheimer had 
cautioned me by email: “There is little to report in an 
individual brain scan unless there is an abnormality. We 
have all scans read by a radiologist for these, and if  there 
is an abnormality that requires some action, we would 
tell you about it.”

She calls up the black-and-white images on her desk-
top computer and riffles through the slices, zooming 
from the left side of  my skull to the right. She sees no 
sign of  cerebral vascular disease or tumors, benign or 
otherwise. Just “normal age-related change.”

“May I say,” she adds, “you have a very nice brain.” I 
hope she means it’s healthier-looking than others — but 
actually she means that the quality of the image is clear 
and pleasing. I must have held quite still.

Bookheimer points out my corpus callosum, the band 
of  fibers that join the two hemispheres, and just below 
it the dark linings of the ventricles. “The ventricles hold 
fluid, and in abnormal aging the fluid expands into the 
spaces made as tissue atrophies,” she says. It’s not hap-
pening much here. So far, so good.

Then to the major features of  my brain. On a tablet, 
Bookheimer accesses a scan configured to capture my 
hippocampus, one in each hemisphere. The left hippo-
campus tends to be more involved in verbal memory and 
the right more involved in nonverbal and visual memory. 
She mentions the name-face association task, which is 
“to take two arbitrary things and bind them together, 
just like we do in real life when we meet new people. 
Seniors have a harder and harder time doing this.”

The hippocampus in profile is a thin, elongated, curl-
ing structure, which is said to resemble a sea horse (the 
Latin translation of hippocampus). Bookheimer zooms 
from front to back, and stops at a cross section. “You 
have a nice, fat, juicy hippocampus,” she says, calling 
to my mind a sirloin steak, yet she’s just commenting 
once more on the visual reproduction. “This scan is very 
pretty. You can see it’s beautiful. We will be able to make 
fine measurements of the subregions. Look here. It’s like 
a Cinnabon.” As she zooms in further, faintly swirling 
lines like tree rings come into focus. “It’s gorgeous,” she 
says before catching herself. “I’m such a geek!”

The hippocampus contains “reverberating circuits,” 
Bookheimer says. The cells are communicating across 

PET scans reveal a slight decrease in brain 
activity (shown in bright colors) between a 
20-year-old (left) and an 80-year-old person.
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the inner curvature and their synapses are forming mem-
ories. Their specific tasks? “Some respond to anything 
new, some are repeaters,” she says. The hippocampus 
reviews and consolidates experiences and eventually 
sends them out for storage in other regions. “Some of 
the cells are discriminating between similar items, some 
are able to reconstruct a memory from partial cues. . . . 
This hippocampus is getting information from the left 
side of the brain, and it is well developed.” I see a well-
aged steak again.

“The hippocampus can grow new neurons — one 
of  the few areas that can. Brain stimulation, learning 
new information, does seem to help.” She mentions the 
brain’s plasticity, its ability to compensate and find ways 
around damage and decline. I’m starting to appreciate 
this wispy curling tissue, floating at the heart of multiple 
networks. When the brain is at rest or in sleep mode, the 
hippocampus works with the DMN in memory forma-
tion. The region may also be a place to look for early 

signs of cognitive decline 
or of  Alzheimer’s. “The 
hippocampus is a target,” 
Bookheimer says with 
relish, “because it can 
shed light on the rate at 
which the brain is aging.”

Our business complete, 
Bookheimer ’s  team 
escorts me down to 
Westwood Avenue on the 
UCLA campus. It has 
been a tiring but stimulat-
ing day and a half on the frontiers of research. My data 
right now are being crunched, I hope to good purpose.

I take my bearings on the Westwood sidewalk. “Can 
you find your way back to the garage?” they ask.  D

Jeff Wheelwright is a contributing editor at Discover.

“May I say,” 
she adds, 
“you have 
a very nice 
brain.”

A cross section of the author’s brain, showing (from top) the cerebrum, the corpus callosum and the feathery-looking cerebellum.

Comparison of brain scans of a 20-year-
old (left) and an Alzheimer’s patient. 
Bright areas represent neural activity.
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K ris Boesen’s life changed in an instant. 
In March 2016, he was driving down 
a winding road in his Nissan 350Z in 
Maricopa, a tiny hamlet in California’s 

San Joaquin Valley. Suddenly, the car fishtailed 
on the wet street, hit a tree and ricocheted into a 
telephone pole, crushing the vehicle and knocking 
Boesen unconscious.

When he woke up in the hospital two days later, 
Boesen was paralyzed from the neck down, his neck 
broken and his spinal cord crushed. He was now 
dependent on others for the simplest of tasks, such 
as eating and drinking, and he needed two attendants 
24/7 to help him go to the bathroom and change his 
position in bed to prevent pressure ulcers.

Boesen was a few weeks shy of  his 21st birthday, 
a young man making his first tentative steps into 
adulthood. He worked at an insurance brokerage 
firm, and he spent his free time lifting weights at a 
gym, tinkering with cars and hanging out with his 
girlfriend and pals.

The accident brought it all to a screeching halt. 
“I was basically just existing,” he later admitted.

But the neurosurgeon who fused Boesen’s neck 
bones to stabilize his spine offered a ray of  hope: 
Boesen might qualify for an experimental treat-
ment that uses stem cells to repair damaged tissue.

He is one of six patients participating in the clini-
cal trial, which is being conducted at the University 
of  Southern California and five other sites across 
the country. The trial is in collaboration with 
Asterias Biotherapeutics, a biotech company in Fre-
mont, Calif., that devised the stem cell technology.

In the past decade, a handful of discoveries have 
unleashed a flood of research into ways neural stem 
cells can be used for treating degenerative brain dis-
orders and for brain repair. Scores of laboratories at 
universities and in private industry are uncovering 
how to use these cells, which transform into neu-
rons, astrocytes (the cells that regulate transmission 
of  electrical impulses in the brain) and oligoden-
drocytes (which insulate nerve fibers with a fatty 
coating). Neural stem cells can help mend brain 
tissue damaged by strokes and spinal cord injuries 
and keep neurons alive in degenerative diseases like 
amyotrophic lateral sclerosis (ALS), Huntington’s, 
Parkinson’s and Alzheimer’s. Recently, tests in 
humans using stem cells to treat a range of  these 
neurological disorders have been successful.

But some scientists remain dubious that stem cells 
can be used to grow new brain tissue. “We can make 
neural stem cells, but are we clever enough to put the 
circuits in the right place?” wonders Clive Svendsen, 
director of the Cedars-Sinai Regenerative Medicine 

How neural stem cells repair damage from strokes, 
spinal injuries and aging. BY LINDA MARSA

What Once
Was Lost
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Institute in Los Angeles. He worries that “having an 
incorrect connection is worse than just doing nothing.” 
Svendsen is more optimistic about his team’s work 
involving human tests of  a novel stem cell approach to 
treat ALS, a degenerative motor neuron disease in which 
cells that transmit messages from the brain and spinal 
cord to the muscles wither or die.

Challenges in the field certainly remain. While recent 
human trials have shown tantalizing promise, they’re 
still at an early stage. Moreover, studies have involved 
a relatively small number of  patients, and scientists 
aren’t sure what complications may emerge.

Even so, Charles Liu, the bioengineer and neurosur-

geon heading the stem cell trial at USC, feels confident 
about the overall direction of  the research. “The idea 
that you can restore function back to where it was lost 
is relatively new,” he says broadly, not just concerning 
stem cells. “This is the first time when all of  us dared 
think it might be possible to regenerate, restore and 
repair.”

RESTORING LOST FUNCTION
The modern era of  regenerating brain function began 
in the late 1980s and early ’90s with a battle against 
Parkinson’s disease. The movement disorder stems 

from the death of  neurons that produce dopamine, a 
neurochemical that dispatches messages to parts of 
the brain that control motor skills and coordination. 
People with Parkinson’s develop tremors, rigidity in 
the limbs and loss of  muscle control, and sometimes 
exhibit signs of  dementia.

To fight the disorder, Swedish researchers pioneered 
the transplantation of  fetal stem cells into the brain. 
The fetal cells the researchers used came from the 
brains of  aborted fetuses 6 to 9 weeks old. Experts rea-
soned that since these cells had not yet fully matured, 
there must be some way to coax them to transform 
into the neurons that Parkinson’s destroys. Studies 
published in 1992 showed that the grafts of  fetal tissue 
made a significant difference. In two cases, severely dis-
abled patients who had required round-the-clock care 
before treatment were able to live independently again.

But scientists were stumped on how to best integrate 
the cell grafts into the brain’s complex circuitry, where 
they would be more targeted and do the most good.

Back then, the prevailing wisdom in neuroscience 
was that adults can’t form new neurons. In 1998, 
however, a team of  American and Swedish scientists 
announced their discovery that the human brain does 
indeed generate them. It’s a process called neurogenesis, 
in which cells continually divide and produce new ones. 
This finding came on the heels of  similar observations 
in rodents, monkeys and birds. “The door has been 
opened,” Fred Gage, the research team leader at the 
Salk Institute for Biological Studies in San Diego, told 
The New York Times at the time. The finding raised the 
possibility of  harnessing this regenerative capacity to 
mend damaged brains, which could translate into more 
effective treatments for Alzheimer’s and Parkinson’s.

But how? Acquiring fetal stem cells was proving dif-
ficult. “You needed eight aborted fetuses to get enough 
tissue,” recalls Svendsen, who was working on his 
postdoc at the University of  Cambridge in his native 
England at the time. “It struck me as impractical. 

Kris Boesen, who was paralyzed from the neck down after 
a car accident, lifts a dumbbell to demonstrate his recovery. 

Charles Liu, a neurosurgeon at USC’s Keck School 
of Medicine, performed the procedure on Boesen.



You’re not going to go around collecting aborted fetuses 
for thousands of  patients.” And although using fetal 
stem cells wasn’t controversial in Sweden, it was in the 
United States.

The next logical step was to figure out how neurons 
are generated and use them to repair or replace dam-
aged cells. Embryonic stem cells seemed to offer a solu-
tion. Culled from embryos barely 4 or 5 days old, these 
cells are versatile shape-shifters that can mature into 
any type of  cell in the body — a trait that’s made them 
crucial to research. And neural embryonic stem cells are 
more targeted; in the formative stages of  brain develop-
ment, they can be chemically coaxed into generating 
neurons that have a host of  different functions. Plus, 
neural stem cells can migrate to brain regions where 
they’re needed most.

Although British researchers had discovered embry-
onic stem cells in laboratory animals in 1981, it wasn’t 
until 1998 that a Wisconsin team announced it had iso-
lated stem cells from human embryos for the first time. 
It was an achievement many thought would quickly 
usher in medical advances.

Svendsen, who joined the Cambridge faculty in 1998, 
was inspired by this work and thought it could apply 
to his Parkinson’s research. He began looking at how 
to transform stem cells into neurons that would pump 
out dopamine. He ran a small pilot study of  five people 
with Parkinson’s. Svendsen injected into their brains a 
protein known to enhance neural development, called 
glial cell line-derived neurotrophic factor (GDNF). The 
treatment stopped dopamine-producing neurons from 
dying, and the patients’ motor skills markedly improved.

Meanwhile, outside forces were derailing promising 
studies. In the U.S., the use of  embryonic stem cells, 
often derived from embryos discarded by in vitro fertil-
ization clinics, became a flashpoint of  intense political 
debate. This led to a near-total ban in 2001 of  their use 
in government-funded research, an act that held back 
advances by about five years, scientists say. Research 
ground to a virtual standstill because of  the lack of 
institutional and financial support, and the onerous 
restrictions on how research could be done.

In 2006, Japanese scientists figured out how to repro-
gram specialized cells, such as those in skin, so that they 
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“The idea that you can restore function back to where 
it was lost is relatively new,” Charles Liu says broadly, 
not just concerning stem cells. “This is the first time 
when all of us dared think it might be possible to 
regenerate, restore and repair.”

Cell Transformation
The promise of stem cells is their ability to become any cell in the 
body. When treating brain injuries, the stem cells can become neurons 
(which transmit information throughout the body), astrocytes (which 
help maintain the central nervous system) or oligodendrocytes (which 
protect nerve fibers).

Produce neuronal 
precursor cells

Some neuronal 
precursor cells die off

Astrocytes

Neurons

Oligodendrocytes

Neural stem cells

Produce more 
stem cells
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act like embryonic stem cells. Researchers called them 
induced pluripotent cells, which are created by enticing 
cells to turn on genes normally found in embryonic 
stem cells. This process endows them with pluripotency, 
or the ability to become any type of  cell, including 
neural stem cells. Just two years earlier, in 2004, Cali-
fornia voters bucked the White House and approved 
Proposition 71, establishing the California Institute 
for Regenerative Medicine. By 2006, the organization 
issued its first batch of  funding from the $3 billion war 
chest the legislation allocated. With those two develop-
ments, research sputtered back to life.

Scientists then began to grapple with some funda-
mental issues. For starters, how could researchers turn 

stem cells into mature cell types? Was there a chemical 
or genetic signal that induced stem cells to create the 
complex structures of  the body and brain? And which 
molecules and mechanisms were required to integrate 
stem cells into an injured brain?

Figuring out the answers proved daunting. Over the 
past decade, however, scientists have begun to decipher 
how neurogenesis occurs and the anatomical location 
where neural stem cells are born and maintained inside 
the brain. “We now have the ability to culture and 
isolate stem cells in a much more elegant and sophisti-
cated way,” says Gary Steinberg, a stem cell researcher 
who heads the neurosurgery department at Stanford 
University. “We now know much more about how the 
cells work and how they best become integrated into 
the circuits in the brain.”

DARKNESS TO LIGHT
“It was like someone was turning the lights on,” recalls 
Kristin Macdonald, a 60-year-old from Beverly Hills, 
Calif. Macdonald has retinitis pigmentosa, a genetic 
disorder that causes a gradual decay of  the photore-
ceptors — the rods and cones — in the retina. This thin 
layer of  tissue at the back of  the eye detects light and 
then converts it into nerve impulses that travel to the 
brain’s vision centers to form images. As the rods and 
cones die off, people with the disorder experience night 
blindness and tunnel vision, and eventually become 
legally or totally blind.

A gracious blonde with a dazzling smile, Macdonald 
started losing her sight in her late 20s and was legally 
blind by her 40s. In June 2015, she became the first 
patient in North America to receive an eye injection 
of  about half  a million retinal progenitor cells. The 
aim was to repair and possibly replace damaged light-
sensing cells.

In the time since her treatment, she has noticed a 
decided change. She can discern shapes and the faint 
hue of  colors, enabling her to recognize cars parked 

Kristin Macdonald experienced improved vision after 
a 2015 procedure to treat a degenerative eye condition.

Henry Klassen, a UC-Irvine ophthalmologist, is director 
of a stem cell clinical project that included Macdonald.
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across the street and navigate her 
cozy art deco-style apartment with 
surprising nonchalance. This year, 
Macdonald received another stem 
cell shot, this time in her right eye, 
and she is hopeful her vision will 
continue to improve. “This has 
made my whole life brighter,” she 
says, “and I mean that literally.”

For Henry Klassen, an oph-
thalmologist at the University of 
California, Irvine, and the director 
of  the retinitis pigmentosa project, 
the experiment is the fruition of  a 
dream he’s had since his student 
days. While in graduate school in 
the mid-1980s, he transplanted 
retinal tissue into a newborn rat 
with impaired vision. After the 
rat grew to adulthood, he shined 
a light over the graft site. The ani-
mal’s pupil constricted. “The first 
time it happened, I almost fell off  
my chair,” Klassen recalls. “The 
only way the rat could see the light 
was through the transplant.”

But it was another three decades 
before Klassen — who has used 
retinal progenitor cells to restore 
vision in mice, cats, dogs and 
pigs — could conduct human tri-
als involving retinitis pigmentosa. 
While no one in the study has fully 
regained sight, quite a few of  them, 
like Macdonald, have experienced 
improvements in their visual acu-
ity. “Even if  we could slow down 
the progression and postpone it so 
they never actually go completely 
blind,” Klassen says, “that alone is 
significant.”

RELIEF FOR STROKE PATIENTS
In recent years, stem cell research has made such dra-
matic leaps that what once seemed like science fiction 
is becoming reality. In a paper published in June 2016, 
Canadian scientists revealed that a combination of 
chemotherapy, which wipes out the patient’s diseased 
immune system, and stem cells, which regenerate the 
immune system, halted or lessened symptoms of  mul-
tiple sclerosis.

The trial, which began in 2001 and spanned 13 
years, involved 24 people with a severe form of MS. 
During that period, the positive results endured. One 
patient, who could barely walk or feed herself before 
treatment, has been symptom-free and now drives, 
kayaks, dances and skis. Still, experts sounded a 
cautionary note because the chemo can be toxic: One 

patient died of liver failure, and a second had serious 
liver complications.

In another paper published in June 2016, a Stanford 
team led by Steinberg proclaimed that injecting adult 
stem cells directly into the brains of  18 stroke patients 
substantially restored motor function in many cases. 
In the study, a small hole was drilled into the skull of 
the patient, who was awake and under local anesthesia. 
Stem cells were injected into regions bordering the 
damaged brain area. Stroke recovery usually plateaus 
after six months. After the experimental treatment, the 
patients’ improvements in daily-activity skills contin-
ued for up to three years after their strokes.

One of  the people in the study was a 71-year-old 
woman, paralyzed on her left side. After the procedure, 
she lifted her left arm at Steinberg’s instruction. “I was 
astonished,” Steinberg recalls, sitting in his office at 

Sonia Coontz of Long Beach, Calif., received stem cell treatment two years ago after 
a severe stroke impacted movement in her right arm and leg and garbled her speech.
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Stanford Medical Center 
in the heart of  Silicon 
Valley. “I thought I must 
have gotten the exam 
wrong. I couldn’t believe 
she got that kind of 
recovery in 12 hours.”

Also in the study was Sonia Coontz, who, at 31, had 
a severe stroke that impacted movement of  her right 
arm and leg, and garbled her speech. After receiving 
the treatment two years ago, she experienced quick 
relief. She was able to speak clearly and was walking 
better within days. Coontz has since married, and in 
September 2016, she gave birth to a healthy boy.

“I did not expect them to recover,” Steinberg admits. 
Instead of  turning into neurons and forming synapses 
— the junctures where signals pass from one nerve cell 
to another — the modified stem cells seemed to control 
swelling and stimulate nerve growth and the forma-
tion of  new blood vessels, Steinberg says. Following 
the release of  the results, his office was deluged with 
thousands of  emails and phone calls from desperate 
patients and families. But even though the results were 
encouraging, the study was not a total success; only 
seven of  the 18 participants experienced significant 
improvement. Stanford researchers are in the middle 
of  a larger trial (which will involve up to 156 patients) 
that might provide more definitive answers.

LOOKING TO THE FUTURE
After the Maricopa car crash, Kris Boesen spent five 
weeks at a local hospital. In April 2016, he was ferried 
to USC’s Keck School of  Medicine in Los Angeles for 
the stem cell surgery. Upon arrival, his muscles from 
the neck down were largely unresponsive. He was 
hooked up to a feeding tube. It took three people to 
seat him on the edge of  his hospital bed, with one hold-
ing his head. The upright position caused his blood 
pressure to tank.

Doctors had warned him and his parents there were 
no guarantees. The stem cell procedure on his spine 
could rob him of  what little mobility he had left, and 
the foreign tissue could clump together, forming a 
tumor. But Boesen saw it as his only chance of  getting 
his life back. He clenched a pen in his teeth and signed 
the consent form.

For Liu, the USC neurosurgeon wielding the scalpel, 
the operation itself  was the culmination of  decades of 
research by scientists around the world. In the oper-
ating room, Liu carefully sliced open the skin at the 
back of  Boesen’s neck. He cut open the tough, protec-
tive membrane around the thicket of  nerve fibers that 
comprise the spinal cord and made a small nick. He 
carefully inserted a needle into the tiny incision. Slowly, 
he emptied the attached syringe — full of  a thick, pasty 
substance composed of  10 million stem cells — into the 
cavity where Boesen’s spinal cord was crushed.

“We now have the ability to culture and isolate stem 
cells in a much more elegant and sophisticated way. 
We now know much more about how the cells work 
and how they best become integrated into the circuits 
of the brain.”  – Gary Steinberg

Gary Steinberg led the 
Stanford study that 
included Coontz.

Liu examines an X-ray of Boesen’s spine. The surgery he 
performed was the culmination of decades of research. 

Coontz performs physical 
therapy on her right arm.
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This type of  stem cell, called an oligodendrocyte 
progenitor cell, is found in the brain and spinal cord. 
They make myelin, the fatty coating around axons — 
long, threadlike fibers that relay neural impulses from 
one cell to the next, activating the circuitry that endows 
us with the physical and emotional capacity to fully 
embrace the world. Scientists believe these neural stem 
cells secrete hormonal steroids or proteins that nurse 
ailing neurons, preventing them from dying, and stimu-
late the formation of  blood vessels that nourish dam-
aged tissue with nutrients and oxygen. They may even 
promote new connections between the sickly nerves.

The anesthesiologist had stopped Boesen’s breathing 
for those precious few minutes so the movement of  his 

lungs wouldn’t disturb his spinal cord during the proce-
dure. Liu held his breath, too. 

“That was an extremely sobering moment,” he recalls 
of those crucial minutes. “We were finally doing human 
tests, and what we were doing was based on years of 
rational science. This wasn’t just a Hail Mary pass.”

Within a few days of the stem cell procedure, Boesen 
was transferred to Keck’s rehabilitation unit. He spent 
two months doing three hours of  therapy every day, 
which included practicing simple daily activities, like 
piloting his motorized wheelchair and feeding and 
dressing himself. After three weeks, his recovery was 
surpassing expectations.

Living in Bakersfield, Calif., with his family, Boesen 
can now perform many activities, including hugging his 
family and girlfriend. He’s even begun to have sensation 
in his knees and thighs.

Patients may regain some feel-
ing or muscle strength when the 
swelling of the spinal column goes 
down, says Ramzi Ben-Youssef, 
medical director of  the rehab 
unit at Keck. “But when they 
gain more than that, you have to 
ask yourself  what happened here 
that did not happen in other cases. 
Stem cells combined with inten-
sive therapy may be the answer.”

Boesen leans back in his wheel-
chair in his parents’ airy house. 
Appearing in a video made by 
USC to demonstrate his capabili-
ties months after the car crash, 
he looks dapper in a navy blue 
golf  shirt and a snug baseball cap 
that corrals most of  his thick, 
dark hair. He fires off  a series 
of  texts, then, using both arms, 
lifts a dumbbell high above his 
head and returns it to his lap. He 
flashes a warm, toothy grin.

He plans to return to work and 
is confident he can lead a relatively 
normal life. “Thank you,” Boesen 
says, staring into the video cam-
era, his face clouding with emo-
tion. “Thank you for allowing me 
to live my life again.”  D

Linda Marsa is a Discover contributing 

editor and author of Fevered: How 

a Hotter Planet Will Hurt Our Health 

and How We Can Save Ourselves.

Oligodendrocytes, in red, create a protective sheath 
around nerve fibers in human brain tissue.
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More than 400 pendants hang from the primary cord 
of a khipu, an example of the complex record-keeping 
system used throughout the Inka Empire and beyond, 
even well into the 20th century.
SAM OGDEN, KHIPU GIFT OF ROBERT WOODS BLISS AND PRESIDENT AND FELLOWS OF HARVARD 
COLLEGE, PEABODY MUSEUM OF ARCHAEOLOGY AND ETHNOLOGY, PM# 42-28-30/4532

UNRAVELING A  
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The Inka Empire ruled millions without a written 
language. Keeping records was a knotty situation.

BY BRIDGET ALEX 

 SECRET
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Anthropologist Sabine Hyland was invited by 
community members to study the strings — the 
first outsider permitted to view them — but only 
for 48 hours and under constant supervision.

Although no one alive today can decipher the 
cords, their general message and significance has been 
passed down orally for generations. Hyland was told 
by a village elder, “If we could read what is in here, 
we would know for the first time who we truly are.”

The strings are khipus, devices invented by indig-
enous Andeans to store information. Khipus are 
mostly known by archaeologists as the records of 
the Inka civilization, the vast multiethnic empire 
that encompassed as many as 18 million people and 
nearly 3,000 miles along the Andes and the Pacific 
coast of South America. Builders of the spectacular 

mountain fortress of Machu Picchu, the Inka 
ruled from the early 1400s until the Spanish 
conquest began in 1532.

According to Spanish chroniclers, the Inka did 
not write; instead, they tied information into khi-
pus, which documented all matters of affairs: trib-
utes, censuses, calendars, laws, rituals and narrative 
histories. But no Spaniards bothered to chronicle 
how information was encoded into strings, and so 

the records of the Inka lay unread, tied up in some 
950 surviving khipus, scattered around the world in 
museums and other collections.

This could change, thanks to insights gleaned 
from the Collata khipus and several others recently 
discovered in villages and through archaeological 
excavations.

“I very much believe that within my lifetime, we’ll 
be able to interpret khipus,” says Hyland, who is 
based at the University of St. Andrews in Scotland. 
“I don’t think it’s going to be easy.”

MORE THAN MEMORY AIDS
The traditional khipu system was fairly standard. 
There is a primary top cord, to which pendant 
cords are tied. The pendant cords may be tied 
with subsidiary cords, which may be tied with 
more subsidiary cords, and so on. The most 
elaborate khipus, which could be census records 
of annual tributes owed to Inka lords, contain 
upward of 1,500 pendants dangling from the 
primary cord and six levels of subsidiaries 
branching from the pendants. Other khipus are 
just a few strings, made by herders to keep stock 
of grazing animals.

High in the Peruvian Andes, in the remote village of San Juan 
de Collata, sits a wooden box that’s sacred to the locals who 
keep close guard over it. It contains 487 cords of twisted and 
dyed animal fibers that, according to its caretakers, encode 
messages planning an 18th-century rebellion.

EDITOR’S NOTE 
What happened to the Inca Empire? Most scholars 
now prefer Inka, a spelling that better reflects 
its roots in the indigenous Quechua language.

Anthropologist Sabine Hyland (left) studies the complex 
language of khipu knots, fibers and cords to uncover their 
meaning. Hyland was the first outsider allowed to view 
an 18th-century khipu (above) in the remote village of 
San Juan de Collata in the Peruvian Andes.

Knotted pendants 
hang from the 
primary cord 
of a cotton khipu 
of unknown age.
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More than a century ago, Leslie Leland Locke, 
a historian of mathematics, determined how knots 
on the cords represent numbers in a base-10 deci-
mal system. For example, the number 385 would be 
coded by 3 linked knots, followed by a space, then 8 
linked knots, a space, and then a special long knot, 
used only for numbers 2 through 9, with 5 turns to 
express the number 5.

This is the one aspect of the khipu code that has 
been deciphered — and many scholars believe it is 
the only aspect to decipher. The traditional view 
among archaeologists is that khipus kept numeri-
cal data and were memory aids, like rosary beads. 
Anyone could read the numbers, but what a khipu 
counted would be known only by its maker.

But there are clues that khipus contain much more 
information. Some don’t have knots, and some have 
cords that vary by fiber type and color. Moreover, 
Spanish colonial documents indicate that khipus 
recorded laws, rituals and history. And discovering 
such greater complexity hidden in the khipus would 
help answer a long-simmering question: How could 
the Inka manage a vast, bureaucratic empire with-
out a proper writing system?

ANCIENT BINARY CODE
Gary Urton, considered the foremost authority 
on khipus, is convinced the cords were more than 
memory aids. The Harvard anthropologist, who 
has studied the strings for 25 years, introduces 
himself  as “one of the two or three people in the 
world who actually spend their entire time fretting 
about the khipus . . . these devices that look like 
knotted mops.”

He has shaggy, gray bangs, rectangular glasses 
and the demeanor of a hippie absorbed in serious 
philosophical pondering. Urton admits that his 
obsession with khipus may stem from his severe 
childhood stutter, which made him feel like thoughts 
were trapped inside him, just as Inka records are 
trapped in their cords. That, and the fact that he quit 
Cub Scouts because he couldn’t master knot tying.

According to Urton, khipus were a standardized 
way of recording specific ideas in permanent signs: 
in other words, a writing system.

He has methodically analyzed about 650 khipus, 
documenting every cord and knot, as well as more 
subtle details such as patterns of spacing and color, 
ply (the direction a cord twists) and knot orientation 
(S-knots cross the string left to right; Z-knots cross 
right to left).

“Either the whole damn thing is just a riot of idio-
syncratic knotting and tying and colors, or there’s 
some order to it,” he says.

In 2003, Urton proposed a model for this order, 
arguing that khipus recorded information using an 

The Inka Empire
c. 1400–1532

The mighty empire once stretched 
along the Andes from Ecuador to 
central Chile, numbering 12 million 
to 18 million people — and zero 
written languages, which has made 
understanding its history a challenge.

In the early 20th century, by which 
time even few locals could still 
“read” khipu, historian Leslie 
Leland Locke (above) determined 
that the knots represent numbers. 
In a late 15th-century illustration 
(right), a seated official reports to 
a nobleman using a khipu to record 
the facts and figures presented.
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ancient binary code. Just as computers can encode 
anything through sequences of 0s and 1s, the khipu 
symbolized ideas through features of the strings 
that are inherently binary, such as the S or Z knots, 
clockwise or counterclockwise ply, and fibers of 
cotton or animal fiber. At the time, Urton identified 
seven binary features, which would allow for 128 
distinct signs. Including different colors would make 
over 1,000 signs. He did not think the system was 
alphabetic, with signs representing sounds. Rather, 
he saw it as semasiographic: Signs had meanings, 
similar to musical notes and mathematical symbols.

The theory was certainly provocative, and con-
tested. “Any individual element he identifies could 
be significant in a khipu, or it might not be,” says 
Galen Brokaw, a scholar of the Latin American 
and Latino Studies department at Montana State 
University. Brokaw has written the comprehensive 
book A History of the Khipu based on archaeological 

evidence and colonial-era 
manuscripts that mention the 
devices. Although individual 
texts can be misleading, by 
considering all the sources 
together, you can get closer to 
the real story, he says.

And there was no direct 
evidence in these sources or 
elsewhere to support Urton’s 
binary code idea — at least 
not back when he first pro-
posed it.

KHIPUS IN THE 
MOUNTAINS
Urton’s model comes from 
patterns observed in the 
khipus, influenced by 
ethnographic research. He’s 
spent years living in Andean 
villages, learning how the 
people view the world, how 
they classify things and 
organize society. His unique 
insights, says Hyland, 
are the result of “his very 
deep knowledge and 
understanding of Andean 
culture and just having 
looked at so many khipus 
for so long.”

Still, she would read his 
ideas and think, “Yeah, 
maybe he’s right, maybe he’s 
wrong, who knows.” There 
was no way to check the 
claims. As far as any scholars 
knew, the last people to read 

khipus were ancient history.
Then in the mid-’90s, Frank Salomon, an anthro-

pologist at the University of Wisconsin-Madison, 
discovered khipus in Peru’s rural Huarochirí prov-
ince, about 60 miles from bustling Lima but over 
10,000 feet higher in the mountains and a world 
away in terms of lifestyle. In addition to using 
alphabetic writing, people in Huarochirí were 
recording information with Inka-style khipus into 
the 20th century. The last khipu experts died a 
couple of generations ago, but villagers today recall 
aspects of how the devices worked.

Salomon says he was “floored because at that 
time, khipus were known primarily as archaeo-
logical objects and not anything that is part of our 
modernity.”

Since then, he and Hyland have found more 
khipus in other Andean villages. Unlike the ancient 
specimens in museums, these are associated with 

Anthropologist Gary 
Urton, the world’s 
leading expert on 
khipu, proposed a 
provocative theory 
that the cords and 
pendants recorded 
information in an 
ancient binary code.
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READING ANCIENT STRINGS

BASIC KHIPU ANATOMY

KNOTS AND NUMBERS

PRIMARY CORD 
forms the base 
of any khipu.

Three main types of knots are used:

About two-thirds of all existing khipu use knots to represent a base-10 decimal 
system. Placements of knots along a pendant cord represent different values that 
are added together to reach a final number. The powers of 10 increase as the 
groupings get closer to the primary cord.

KNOTS vary  
in meaning 
depending on 
knot type, 
placement 
and direction 
of twist.

To make the 
cords, a fibrous 
material is twisted 
to form a thread. 
Two threads 
twisted together 
are called a ply. 

Cotton is the most 
common material found in 
surviving khipu today, and 
it was grown in natural 
colors including white, 
brown and green. Dyes 
were also used to increase 
the color vocabulary.

PENDANT CORDS are attached to the primary cord and usually 
are separated by space or color. Some khipu have additional 
cords attached to the pendant cords, called SUBSIDIARIES.

Researchers continue to uncover ever more evidence that khipus of the Inka amounted to a complex data storage 
system, with pieces of information recorded in every knot placement, color choice and twist of fiber.

Knots (as well as ply) can 
be further divided by the 
direction of slant along 
the vertical axis.

SINGLE KNOTS 
represent different 
powers of 10.

E-knots and long knots represent individual units. 
An E-knot is equal to the number 1, while a long knot can 
have up to nine turns representing numbers 2 through 9.

Adding these units together gives a final total 3,482

Sources: Harvard Khipu Database Project, Sabine Hyland

This long knot 
has three 
turns and thus 
represents the 
number 3.

10s

Units

100s

1,000s

LONG KNOTFIGURE-8,
or E-KNOT

S-knots angle 
from upper left 
to lower right, 
like center bar 
in the letter S.

Z-knots angle 
from upper right 
to lower left.

COLOR AND MATERIALS

S AND Z TWISTS
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living memories and written documents, which 
provide clues to deciphering them.

And the cords appear to support Urton’s theory. 
“I’m studying these khipus, and I don’t know how 
many times I said to myself, ‘Oh shit, Gary was 
right,’ ” says Hyland.

For example, Urton knew that Andean people 
classify things into pairs of higher and lower 
value, such as milking cows versus dry cows, or 
labor done by men versus women. (Sorry, fellow 
women; in some villages, our work is worth only 
half that of men.) Observing patterns of knot 
direction on ancient khipus, he hypothesized that 
S- and Z-knots indicated the higher- and lower-
ranked components of a pair.

Hyland found this to be true for a khipu board, 
a device used by post-colonial Andeans familiar 
with both letters and strings. Khipu boards listed 
names in alphabetic script; each written name was 
accompanied by a cord representing that person’s 
fulfillment of community and religious obliga-
tions, such as attending a ritual or participating 
in the annual village-wide task of cleaning an 
irrigation canal.

Hyland studied a board that dates back to the 
1800s. Although many names were faded by bat 
urine and dirt, she was able to read most through a 
camera that combines visible, ultraviolet and infra-
red light, revealing trace pigments that can’t be seen 
by the human eye. Then, working with the four old-
est community members, she assigned the names to 
social groups. Among the identifiable names, those 
with S-knots belonged to one social group, those 
with Z-knots to another.

In another case, Hyland found 
archival notes from an interview in 
1935 between an archaeologist and 
a local khipu expert. She was able 
to compare this testimony with the 
actual khipus discussed, now in a 
Lima museum, and to further ques-
tion the expert’s grandson, who still 
resides in Huarochirí.

The results confirmed that individ-
ual data, such as the goods or services 
of a single person, were represented 
by color banding along the primary 
cord: a series of pendants in one 
color, followed by a series of pendants 
of another color. Aggregated data — 
for example, a summary accounting 
for a whole village — were denoted 
by a primary cord with a different 
color pattern: a single pendant of one 
color, followed by a single pendant of 
another color, and so on.

PHONETIC POTENTIAL
However, Hyland’s most recent research into 
the Collata khipus suggests the cords may do 
something that Urton did not anticipate: They 
may symbolize sounds.

The two Collata khipus have strings of 14 col-
ors, made from six different animals, including 
alpaca, llama and vizcacha, a rabbit-like rodent. 
Combinations of color, fiber and ply create 95 
distinct symbols. That number is within the range 
of logosyllabic writing systems, which use signs 
to represent both sounds and full words, such as 
Japanese kanji.

Hyland believes, based on discussions with com-
munity members as well as colonial manuscripts 
in the same box, that these khipus were messages 
between Collata and the nearby village of Casta 
about their revolt against the Spanish in the late 
1700s. Andeans likely used khipus at that time to 
ensure that Spanish authorities could not intercept 
their communications.

As messages, these khipus probably end with the 
names of the senders. According to the villagers, 
one of the khipus was created by the Alluka lin-
eage. Relating the sounds in this name to variables 
in the final strings, Hyland proposed a phonetic 
decipherment of it. For instance, she hypothesized 
that the final “ka” sound is represented by a blue 
S-ply cord of llama wool. The correlation makes 
sense because ankas was the regional dialect word 
for blue.

Astonishingly, when she applied this phonetic 
code to the final strings of the second khipu, they 
read Yakapar — the name of one of the only two 
family lineages in Casta.

The Ancash khipu 
board, from the 
Peruvian village 
of Mangas, features 
both Inka-style khipu 
cords and alphabetic 
writing.
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“If they’re phonetic, that raises a 
whole new realm of possibility,” says 
Hyland.

DIGGING UP CONTEXT
It’s unclear how far back Hyland’s 
findings can be pushed. Phonetic 
signs in the Collata khipus may have 
ancient roots — or they could be a 
modern innovation by post-colonial 
Andeans who, aware of alphabetic 
scripts, added phonetic signs to the 
traditional cord system.

The same is true for anything 
discerned from recent khipus. Like 
all writing systems, the khipu code 
would not have been static; it would 
have evolved across time, space and 
function. A khipu chronicling impe-
rial history, for example, may have 
used different conventions than one 
counting a herder’s llamas. Shake-
speare wrote differently than bards in 
the Twitterverse.

“Even if  you figure out what one 
khipu means, that is going to tell 
you what that khipu means in that 
context,” cautions Brokaw. It won’t 
necessarily give you the key to read-
ing all strings.

To understand Inka khipus, 
researchers need khipus from Inka 
contexts, associated with clues to 
indicate how they were used. Most 
ancient khipus were obtained by 
looters and sold to collectors without 
details concerning where they were 
from or what else was with them. 
Those recovered by archaeologists have primarily 
been from burials, not in their normal places of 
daily use.

This changed in 2013, when Peruvian archae-
ologist Alejandro Chu started uncovering dozens 
of khipus at the site of Inkawasi, an Inka military 
post, storage facility and administrative center 
on the southern coast of Peru. The most extraor-
dinary part: Some khipus were discovered with 
particular food items. One was buried with black 
beans, two were in a basket with chili peppers, and 
14 khipus were covered with peanuts. It is the first 
time khipus have been found in the context where 
they were used.

THE FIRST INKA HISTORY
As excavations at Inkawasi continue, the 
associations between strings and things add 
a missing dimension to our understanding of 
khipus: how the Inka used them before the 

Spanish arrived. By combining this archaeological 
evidence with the colonial written sources, 
more recent khipus and indigenous knowledge, 
researchers are learning more about — and from 
— the cords than ever before.

In his newest book, Inka History in Knots, pub-
lished in April, Urton interprets khipus to describe 
a two-year calendar of labor assignments, a census 
reporting the social status of groups in a village, 
and bean counting (literally) at Inkawasi. The 
information is as lively as tax returns, but it is the 
first Inka history from Inka records.

“All our understanding of the Inkas and their 
empire is filtered through the minds of 16th-century 
Spaniards,” says Urton. “My intention is to 
work with the khipus and let the Inka speak for 
themselves.”  D

Bridget Alex is an anthropologist at Harvard University 

and a science writer who contributes frequently to Discover.

More than 700 
khipus are known 
to researchers, most 
of them preserved 
in museums but 
acquired without 
knowledge of the 
context in which they 
were originally used.
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THINK LIKE A 
HACKER 

BY STEPHEN ORNES

CONNECTED DEVICES 
MAKE OUR LIVES 

EASIER — AND MORE 
VULNERABLE. WE NEED 

WHITE HATS MORE 
THAN EVER.
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ONE WINTER 
MORNING in 2015, 
as he left for work 
from his home in 

Silver Spring, Md., 
Jonathan Margulies 

pushed the button 
on his remote to close 

his garage door. Nothing 
happened. He tried again. Nothing. 

The motor was shot.
He ended up replacing it with a 

“smart” opener that not only lifted and 
lowered the door, but also connected 
to the internet. With a swipe on a 
smartphone, Margulies could operate 
the opener, and if  he left the door 
open, the opener would send him a 
text. He could close it from anywhere. 
It’s particularly appealing to people 
like Margulies, who occasionally 
panic, in the crush of rush hour, that 
they’ve left their homes wide open and 
defenseless. To some, the smart opener 
may seem a godsend.

But Margulies, 36, isn’t just any 
consumer. For more than a decade, 
he’s worked as a cybersecurity 
expert, doing vulnerability and 
security assessments for Sandia 
National Laboratories and the 
National Institute of  Standards and 
Technology, and more recently, for 
the U.S. Department of  Justice. One 
area of  his expertise is identifying 
security flaws in a company’s digital 
infrastructure or product by thinking 
and acting like malicious hackers.

Identifying security flaws is the 
first step in ethical hacking, where 

good-guy hackers — the kind you 
want on your side — use what they 
learn to improve electronic security. 
They tend to be obsessive, passionate 
and sleep-deprived. When they see 
cracks in the virtual world, they want 
to peek through to discover what’s on 
the other side.

They’re becoming increasingly 
important, and visible: In May, another 
good-guy hacker, an attentive 22-year-
old in the U.K., spotted an unfolding 
global cyberattack named WannaCry 
and successfully stopped the attack.

For these “white hat” hackers, the 
key to building a successful defense is 
to find weaknesses and fix them before 
someone else breaks in. Given the 
ubiquity of online communication, 
plugging security flaws is critical 
at all scales, whether it’s protecting 
someone’s bank account or, say, 
preventing the hacking of political 

An internet-connected garage door opener sent cybersecurity expert Jonathan Margulies on a 
hacker’s journey to figure out how vulnerable his home was with the convenient new device.

campaigns to influence a national 
election.

Margulies acknowledges he’s not a 
great hacker — he’s better at identifying 
security vulnerabilities than actually 
replicating the destructive coding and 
social engineering tactics of malicious 
hackers. But searching for electronic 
fault lines is still second nature, even 
when he’s not at work. “You can’t help 
trying to break things all the time,” he 
says. So, there he was, in 2015, with 
a brand-new gizmo in hand, a new 
system to break.

He wanted to know: How vulnerable 
is this new garage door opener? Could 
someone hack it and enter uninvited? 
A smart opener connects to his home 
network, so just as a burglar who gets 
into a house could rummage from room 
to room, a malicious intruder who’s 
taken control of the garage door could 
access every other connected device in 
the home — phones, televisions, laptops 
and all their data.

It’s home invasion, in bed with 
identify theft.

So Margulies began to map fatal flaws 
in his new opener’s digital design. Could 
he, effectively, break into his own house?

HACK ALL THE THINGS!
Security experts are both thrilled 
and anxious about the internet of 
things (IoT), the ever-growing collection 

BLACK HAT
BAD

GRAY HAT
NEUTRAL

WHITE HAT
GOOD

WHAT’S ALL THIS ABOUT HATS?
Originating from the 
sartorial choices of 
cowboys in old Westerns, 
“bad guy” hackers are 
known as black hats and 
“good guys” as white hats. 
Hackers who occupy the 
space in between became 
known as gray hats.

O
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of smart electronic gadgets that 
interact with the world around them. 
It includes devices like Margulies’ new 
garage door, as well as refrigerators 
you can text to see if  you’re low on 
milk and tennis rackets that offer tips 
on a better backhand — even smart 
sex toys. The technology research firm 
Gartner estimates that 6.4 billion such 
IoT devices were connected online in 
2016, and that number doesn’t include 
smartphones, tablets or laptops.

But buyer beware: Smart devices 
prize convenience and novelty, not 
security. “The challenge with IoT is 
that the market is so enthusiastic right 
now — connected devices are super 
cool,” says Ted Harrington, a San 
Diego-based partner at Independent 
Security Evaluators, the company that 
first hacked an iPhone in 2007. “The 
problem is that this enthusiasm is really 
overshadowing the security challenges.”

On Oct. 21, 2016, those challenges 
burst out of the shadows. Three times 
that day, hackers launched attacks 
against Dyn, a company that reads the 
URL you type in a web browser and 
directs you to a webpage — a kind of 
digital phone book. The onslaught 
persisted for six hours, blocking or 
slowing access to dozens of prominent 
websites, including Netflix, Twitter 
and Amazon. This type of event is 
known as a distributed denial-of-service 

(DDoS) attack, which means so many 
devices sent simultaneous requests that 
Dyn’s system was overwhelmed and 
broke down. It was the largest attack 
of its kind in history, but it won’t be the 
last. (May’s cyberattack, which spread 
to hundreds of thousands of users in 
150 countries, used a different tack to 
hold computers hostage.)

Turns out, IoT played an important 
role in the Dyn hack. In the aftermath 
of  the hack, 
security experts 
determined 
that the 
attackers had 
hijacked tens 
of  thousands 
of  connected 
household 
devices, including surveillance 
cameras, routers and DVRs, directing 
them to connect to Dyn at the same 
time. Such a collection of  co-opted, 
zombie devices is called a botnet, and 
the owners likely had no idea their 
gadgets were causing the widespread 
internet slowdown they complained 
about on Facebook.

The most disturbing part of the 
hack was its simplicity. The attackers 
didn’t need coding chops or Hollywood 
movie-level hacker prowess. Instead, 
they commandeered devices just 
by logging in — using the default 

username and password provided by 
the manufacturer, which the owners 
had never bothered to change.

“Remember when everybody had a 
VHS player in their living rooms?” asks 
Mikko Hypponen, a Finnish computer 
security expert. “It always flashed 12:00 
because the time hadn’t been set. It’s 
expecting you to get the manual and 
set the time, and you never did.” So it 
goes with IoT devices, he says. “You 

go and buy your security camera, you 
screw it onto the wall, and it works. 
It is effectively now blinking 12:00. 
That’s the default password the Dyn 
attack was using.”

May Wang wasn’t surprised by 
the attack either. A few years ago, 
she helped launch Zingbox, a San 
Francisco-based security firm that 
focuses on IoT devices. Zingbox hosts 
an in-house IoT lab where engineers 
and computer scientists try to break 
a variety of connected devices. They 
don’t last long. “Many of them we can 
hack within minutes,” she says.

IDENTIFYING SECURITY FLAWS IS THE 
FIRST STEP IN ETHICAL HACKING, WHERE 
GOOD-GUY HACKERS USE WHAT THEY LEARN 
TO IMPROVE ELECTRONIC SECURITY.
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THE GROWING INTERNET OF THINGS
Technology research group Gartner estimates 
a huge increase in IoT devices installed over 
the next several years.
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It’s not just about changing 
passwords. (See “Protect Yourself,” 
page 55.) Wang says the 2016 Dyn 
attack shows the vulnerability that 
hides within smart devices. “The whole 
point of IoT is to connect everyone 
with everyone else, everything with 
everything else.”

The primary challenge of IoT 
security is the trade-off  between 
protection and connection. “We have 
to assume the good guys and bad guys 
will be mixed together,” Wang says. 
“Who’s the bad guy? And who’s the 
good guy?”

There are real consequences. The 
wrong answer to that question can 
prove quite expensive. (See “Who’s 
Who of Hacks,” this page.)

HACKERS GONNA HACK 
When good-guy hackers approach a 
new project, they start by asking simple 
questions, such as who needs to be 
protected and who must be kept out. 
So when Margulies sat down with his 
garage door opener, he knew where to 
start. Could it let him control the door 
while keeping hackers out?

First, he thought about regular 
garage door openers. They’re easily 
hacked by buying a replacement 
remote at a hardware store and, with 
a few minutes in the victim’s garage, 
syncing it to the opener. Or, with a 
little more work, he could digitally 
eavesdrop on the code sent from the 
remote to the opener. With such weak 
security, garage doors have always 
been more symbolic than protective, 
he concluded.

But smart openers are different. 
They’re not just a risk for the 
homeowner — they put a whole 
community of homeowners at risk. 
A successful hacker could access 
thousands of IoT openers and, in 
theory, send out a signal to open all 
those doors simultaneously, turning 
closed doors into invitations. Margulies 
saw that the opener’s password reset 
system only required an email address, 
which was a terrible approach. Any 
hacker who gets into someone’s 

WHO’S WHO OF HACKS
The internet of things isn’t the only vulnerable target. In May, hackers unleashed 
a cyberattack named WannaCry that crippled hundreds of thousands of 
computers in 150 countries by exploiting a susceptibility in Microsoft Windows. 

It was an example of ransomware, malicious computer code that 
disables a system until the victim pays a hefty fine. In 

this case, the hackers wanted $300 to unlock infected 
machines. (Experts advised victims not to pay, as it’s 
uncertain if they’d get their files back, and it encourages 
more attacks.)

Ransomware attacks are rising. In January, the 
St. Louis Public Library network became infected. Library 
patrons couldn’t check out books, and the library’s 
computers were disabled. The perpetrators demanded 

$35,000 in bitcoins, a digital currency that’s difficult to track. Last November, 
hackers disabled ticketing systems at San Francisco’s public light-rail system and 
demanded $73,000, also in bitcoins. In March 2016, ransomware crippled hospitals 
in Maryland and Kentucky. None of these institutions paid the ransom (though 
some, in other attacks, have); all of them have restored their systems, typically by 
erasing affected servers or computers and restoring the data from backups.

Even worse, adversaries are starting to play the long game — getting into 
a network and staying there without being detected. They find a weak entry 
point into a system, and use it to gain access. “Professional hackers have got 
that down to a science,” says Brian Varine of the U.S. Department of Justice 
Security Operations Center. “They get in, and stay in.”

So it went with a 2013 hack of Target stores across the 
country. Attackers used login credentials for an HVAC 
company to access Target’s network, and from there they 
could access cash machines and install software to poach 
credit card information. Losses to the store were estimated 
at $420 million. Zingbox co-founder and CTO May Wang 
describes this as a steppingstone attack: Hackers sneak in 
through a weak link and lie in wait for a bigger score.

Hacking methods are getting even more insidious, too. In late 2016, Finnish 
computer security expert Mikko Hypponen’s employer, F-Secure, began tracking 
a gang of hackers who released a piece of malware called Popcorn. It encrypts a 
person’s files until the victim pays 1 bitcoin (about $2,900 at press time). Victims 
who can’t pay can get their files back for free if they infect two of their friends, 
and the friends pay their ransom.

“Holy hell, that’s devious,” Hypponen says. “It’s almost hard to be angry at 
these guys when they’re so creative. It’s really nasty, but really clever.”  S.O.
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email account can simply search for 
password reset instructions and sail 
into the system. Margulies also noticed 
that the only information he had to 
supply to the company was his street 
address. That, too, was a bad move: It 
means that an attacker who gets into 
the company’s system can simply pull 
up the list of addresses, a directory of 
vulnerable openers ripe for the picking.

As a responsible hacker, Margulies 
emailed his concerns to the 
manufacturer. He outlined the flaws 
and the risks they carried — and 
stashed the internet-connected part of 
the device in his closet, relying instead 
on old-school offline functionality.

Knowing whom and what they’re up 
against is a key part of being a white 
hat. “We used to have only one enemy,” 
says Hypponen, who launched his 
hacking-for-good career in the early 
1990s, when few devices were online. 
His early investigations of computer-
based crime focused on malware that 
spread via floppy disks — magnetic 
storage devices that look like plastic 
squares and could store about one-
third of a pop song. “The attacker 
at that time was very, very simple to 
define,” he says. “All the attacks, all the 
viruses were being written by bored 
teenage boys.”

Hypponen received his first home 
computer when he was 13, in early 
1984. His response was powerful 
and irreversible. “I immediately was 
lost into it.” Electronic devices and 
hacking culture have co-evolved in the 

decades since then, but he says at least 
one thing hasn’t: People who discover 
hacking as a vocation know it from a 
young age.

“I think the best hackers have pretty 
much always known that they’re good 
at this,” he says. “They’re probably 
mathematically gifted, or gifted to do 
technical stuff. Geek stuff.” Hackers 
were the kids who walked down the 
street with their parents’ automatic 
garage door openers, holding down 
the button to 
see which doors 
would open.

Talented 
hackers, 
Hypponen 
says, analyze 
a system and 
see something 
different from what the designers 
intended. For example, say you wanted 
to break into a system through its login 
screen. But instead of typing a login 
name, you do something radically 
different — like copy and paste a 
massive image in the username box. 
“Maybe the creator of the website 
didn’t think of that, and it breaks the 
system,” says Hypponen. If  the hacker 
is lucky, he says, that crack exposes 
a vulnerability.

People interested in tinkering with 
software often end up breaking the 
law, but nowadays they also have 
legitimate avenues of  expression. 
Hypponen points to “bug bounties” — 
reward money offered by companies 

to hackers who expose flaws. “You can 
try to break the system, and you have 
permission to do it,” he says. “Use 
your skills, scratch your itch. I know 
people who live on bug bounties.”

F-Secure, the company Hypponen 
works for, encourages people to try 
to break into their system. “If  we 
have vulnerabilities in our servers 
or software, we want you to tell us,” 
he says. “We want you to sell that 
information to us, not to others.”

WITH OUR POWERS COMBINED
It’s a change in culture that has 
benefited people like Samy Kamkar. 
He began intruding into private 
online communities as a teenager, 
and he attended his first DEFCON 
convention — which has become the 
best-known underground hacking 
conference in the world — at age 
14. Now 31, the Los Angeles-
based Kamkar hosts a popular 
YouTube channel called Applied 
Hacking, where he exploits security 
weaknesses in everyday objects like 
combination locks, locked cars and 
locked computers. His views number 
in the millions.

In one memorable episode, he 

Digital security experts 
Mikko Hypponen (left), 
May Wang and Ted 
Harrington agree malicious 
hacking will likely increase.

PEOPLE INTERESTED IN TINKERING WITH 
SOFTWARE OFTEN END UP BREAKING THE 
LAW, BUT NOWADAYS THEY ALSO HAVE 
LEGITIMATE AVENUES OF EXPRESSION.
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hacked the wireless doorbell of  Matt, 
his best friend. Kamkar learned how 
to make the doorbell ring by sending 
a text. This led to real-time slapstick: 
Kamkar texts, the doorbell rings, Matt 
steps outside, repeat. Kamkar calls 
the hack “Digital Ding Dong Ditch.” 
After an hour of  ghostly ringing, Matt 
called Kamkar, suspicious.

Kamkar says pure curiosity, not 
malice, inspires his adventures. “I’ll 
have an idea or want to understand 
something,” he says. “What keeps 
me up at night — in a good way 
— is, what’s the next thing that can 
be done? What’s the cutting-edge 
stuff ?”

Hacking may seem a solitary 

sport, but Kamkar sees value in 
collaboration, which is why he shares 
what he learns. “The people I hang 
out with are friendly hackers,” says 
Kamkar. “If  I’m putting stuff  out there 
other people can use, they will think 
of something I never will. That will 
basically catapult me into the future. 
We’re raising each other up.”

That idea resonates at the IoT 
Village, an event organized by Ted 
Harrington’s company, Independent 
Security Evaluators. There, hackers 
solve challenges, like finding known 
vulnerabilities in an IoT device or 
finding unknown security flaws in 
new devices. At an IoT Village event 
last year, one of  the prizes was a 

smart TV — the one the hackers 
had just hacked.

“We’re getting everyone together 
who is equally passionate about 
solving security problems,” Harrington 
says. “They’re competitive against 
themselves, and against the status quo.”

Collaboration is necessary to 
outrace malicious actors in the near 
future, Harrington, Wang and others 
say. Medical devices, transportation 
infrastructure and the electric grid 
are all vulnerable. Harrington worries 
botnet and other attacks will get 
worse before they get better, and 
he doesn’t think consumers learned 
any lessons from last year’s Dyn hit. 
They’re still not going to change their 

THE HACKABLE HOME
The number of a household’s connected devices — each a part of the “internet of things” — will likely only grow. 
But as convenience improves, so will the chances of a malicious hacker gaining entry to your digital life. With your 
home network as a central hub, an infiltration of any of the devices could put your entire house at risk.
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factory-set passwords. Such an attack 
would still probably be successful 
today, he says. People won’t get 
serious about security — updating 
firmware, disabling unwanted features 
and unplugging devices when not 
in use, for instance — until tragedy 
strikes, “when we see an incident of 
someone getting hurt or killed with 
a connected device.” 
People don’t know 
how close they come, 
on a daily basis, to a 
potentially devastating 
hack.

That’s why white hats 
continue to look for 
flaws and point them 
out to make things better. Margulies 
ultimately received a letter back from 
the garage opener manufacturer, which 
said it would look into how best to 
address the security issues. White 
hats’ work can only go so far; it’s up 
to consumers to demand security, and 
to developers to take it seriously.

Harrington says developers need 
to identify potential hacks and 
threats early in the design process, 
especially for IoT objects, and build 
in protections to the finished product. 
In addition to better protecting people, 
this approach will cost companies 
less money in the end. This isn’t an 
issue of  complexity, he says; it’s an 
issue of  priorities: “It’s not very 

difficult at all for a manufacturer to 
adequately build security in.” Even 
though experts disagree on the best 
way to build in security, designers 
could start simply by requiring users 
to change passwords during setup, 
collecting less personal data, or even 
allowing consumers to opt out of 
data collection.

It’s no secret today’s smart devices 
aren’t smart on security. Harrington 
compares the devices to cars: “Volvo 
has an amazing reputation as being 
safe. Someone who cares about safety 
is willing to pay a premium to buy a 
Volvo,” he says. “Today, in the IoT, you 
don’t have a choice to buy the Volvo 
version of a safe product. All you can 
buy are the ones with shitty airbags.”  D

Stephen Ornes is a science writer in Nashville, 

Tenn. He changes his passwords regularly and 

embraces two-factor authentication.

PROTECT 
YOURSELF
Cyberattacks succeed 
when people 
don’t take basic 
precautions. Here 
are five ways you 
can protect your 
digital self.

1. SET THAT PASSWORD 
YOURSELF! Smart devices 
come with a default 
password; change it as soon 
as you can. Hackers know 
that most people don’t, which 
means they can easily break 
in. For your other gadgets: If 
it has a password, change it. 
This goes for devices, routers, 
email accounts and phones.

2. COVER YOUR WEBCAM. 
Cameras are easy to hack, 
but there’s an easy fix: Cover 
the lens with a piece of 
tape. Then even if you get 
hacked, they won’t be able 
to see anything. Last fall, 
former FBI Director James 
Comey reported that he does 
it, as do other government 
employees.

3. USE TWO-FACTOR 
AUTHENTICATION IF 
POSSIBLE. Many apps 
now offer this extra layer 
of security, which requires 
some kind of additional check 
that you are who you say 
you are. Examples include 
texting a code to a secure 
phone number in addition 
to a standard password, or 
requiring a physical ATM 
card and PIN.

4. BACK UP YOUR FILES. 
If you do get struck by 
ransomware, experts advise 
against paying the attackers, 
who might not ever help. 
Instead, regularly back up 
your data and files on an 
external, offline hard drive.

5. KEEP UP WITH 
SOFTWARE SECURITY 
UPDATES. The global 
cyberattack in May exploited 
a vulnerability in Microsoft 
Windows — but a patch had 
been available since March. 
Machines with the patch 
were impervious.How safe is your digital home? Tell us 

at DiscoverMagazine.com/IoT

WHITE HATS’ WORK CAN ONLY GO 
SO FAR; IT’S UP TO CONSUMERS 
TO DEMAND SECURITY, AND TO 
DEVELOPERS TO TAKE IT SERIOUSLY.

Samy Kamkar hosts a popular YouTube show where he hacks into all kinds of devices, from 
locked computers to combination locks. He does it out of curiosity, not malice.
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T he first day of  June 1988 was sunny, 
hot and mostly calm — perfect weather 
for the three young researchers from 
Canada’s University of Windsor hunt-
ing for critters crawling across the 
bottom of  Lake St. Clair. A whining 

outboard pushed the 16-foot-long runabout car-
rying Sonya Santavy, a freshly graduated biologist, 
toward the middle of the lake that straddles the U.S. 
and Canadian border.

On a map, Lake St. Clair looks like a 24-mile-
wide aneurysm in the river system east of Detroit 
that connects Lake Huron to Lake Erie, and that is 
essentially what it is. Water rushes quickly through 
Lake St. Clair because it is as shallow as a swimming 
pool in most places, except for a roughly 30-foot-
deep navigation channel down its middle. The U.S. 
Army Corps of Engineers carved that pathway more 
than half a century ago as part of the St. Lawrence 
Seaway project to allow oceangoing freighters to sail 
between Lake Erie and the lakes upstream from it.

When water levels were low or sediment high, 
sometimes that channel still wasn’t deep enough, 
forcing ships to lighten their loads to squeeze 
through. This often meant dumping water from 
the ship-steadying ballast tanks — water taken 
onboard outside the Great Lakes. Water that could 
be swarming with exotic life picked up at ports 
across the planet.

As Santavy and her colleagues puttered over 
a rocky-bottomed portion of  Lake St. Clair, she 
whimsically dropped her sampling scoop into the 
cobble below. She was hunting for muck-loving 
worms, but figured she’d take a poke into the rocks 
below because — well, to this day, she still doesn’t 
know. “I can’t even explain why it popped into my 
head,” Santavy tells me.

Up came a wormless scoop of stones, the smallest 
of which were not much bigger than her fingertips. 
But there was something odd about two of those 
tinier pebbles. They were stuck together. She tried to 
pull them apart but she couldn’t. Then she realized 
that one of them wasn’t a pebble at all. It was alive.

THE ZEBRA INVASION
Nobody gave it much thought at the time, but in 
the years following the Seaway’s opening in 1959, 
species not native to the Great Lakes, ranging 
from algae to mollusks to fish, started turning up 
at a rate never before seen. And the alien organ-
isms continued to arrive, year after year, with an 
almost metronomic predictability — all the way 
up to that steamy Wednesday morning on Lake 
St. Clair in 1988.

Santavy showed a fellow scientist aboard the 
research boat her living “stone.” It was obvious 
to both of  them that it was some kind of  clam or 
mussel, but the dime-sized mollusk looked like 

Exotic mussels have pilfered the Great Lakes’ food supply, 
creating a vast aquatic desert.  BY DAN EGAN

actual size
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nothing Santavy’s colleague had ever seen.
They sent it to the University of  Guelph outside 

Toronto, where a mussel expert identified it as Dreissena 
polymorpha, the zebra mussel. This was not good news. 
The species, native to the Caspian and Black Sea basins, 
was well known on that side of the Atlantic for its ability 
to fuse to any hard surface, growing in wickedly sharp 
clusters that can bloody boaters’ hands and swimmers’ 
feet, plug pipes, foul boat bottoms and suck the plankton 
— the life — out of  the waters they invade. The zebra 

mussel had already colonized rivers and 
lakes across Western Europe thanks to 
an extensive network of canals.

Scientists knew the most plausible 
way Santavy’s mussel could have made 
the trip across the Atlantic and into the 
Great Lakes was in the friendly confines 
of a freighter ballast tank.

The important thing about the zebra 
mussel is to not consider each one as an 
individual organism but instead, like a 
cancer cell, part of a greater scourge that 
metastasizes as fast as currents flow.

Each female can produce 1 million 
eggs per year. Those microscopic off-

spring — called veligers and as small as one-tenth of 
a millimeter in diameter — are covered with little hairs 
that help them catch currents and waves and “swim” to 
new locations during the first few weeks of  their lives. 
The hairs also allow a baby mussel to snag food and 
begin to grow a shell, which eventually weighs it down 
and forces the mussel to settle on a lake or river bottom.

The North American zebra mussel problem was made 
worse by the fact that they have no worthy predators in 

the Great Lakes. In the most heavily infested areas, they 
soon began to cluster atop each other like gnarled coral 
at densities exceeding 100,000 per square meter. Each 
adult mussel, which typically grows no bigger than a 
nickel, can filter up to a liter of water per day, sequester-
ing inside its hard little shell all the nutrients contained 
within that water.

By the end of 1989, zebra mussels had turned up all 
across the Great Lakes, west to Duluth, Minn., south 
to Chicago, and east to the St. Lawrence River below 
Lake Ontario. A colony was also found near the head 
of the Chicago Sanitary and Ship Canal that provides 
a man-made connection between the Great Lakes and 
the Mississippi River basin. That meant the mussels now 
had access to a watershed that spans almost half of the 
continental United States.

VODKA-CLEAR WATER
But the most ominous mussel development of  1989 
made no headlines. Researchers on Lake Erie found what 
appeared at first to be a slightly different version of the 
zebra mussel. It was, they would learn two years later, 
the quagga mussel, named after a subspecies of  actual 
zebras that went extinct in the 1800s. All that remains of 
the African savanna grazers are seven skeletons, including 
one on display at University College London. But today, 
their molluscan namesake numbers in the quadrillions in 
the Great Lakes alone.

The ecological damage wrought by zebra mussels is 
minor compared with their cousin, the quagga mussel. 
Unlike zebra mussels, which typically aren’t found at 
depths beyond 60 feet, quaggas have been plucked from 
waters as deep as 540 feet. This depth tolerance, coupled 
with the fact that quaggas don’t require a hard surface 

Biologist Sonya Santavy, who 
found zebra mussels in 1988.

A young girl sits on  
a mound of quagga 
shells at Sleeping 
Bear Dunes National 
Lakeshore in Michigan.
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to attach to, means they can blanket vast swaths of lake 
bottom inaccessible to zebra mussels. Zebras also only 
feed during the warmer months. Quaggas filter nutrients 
out of the water year-round.

The public can comprehend the devastation of a cata-
strophic wildfire that torches vast stands of trees, leaves 
a scorched forest floor littered with wildlife carcasses and 
turns dancing streams into oozes of mud and ash. But 
forests grow back. The quagga mussel destruction is so 
profound it is hard to fathom.

“People look at the lake and don’t think of it as hav-
ing a geography. It’s just a flat surface from above,” says 
University of  Wisconsin-Milwaukee ecologist Harvey 
Bootsma. “From there, it looks pretty much the same 
as it did 30 years ago, but underwater, everything has 
changed.”

The mollusks now stretch across Lake Michigan almost 
from shore to shore. People might still think of  Lake 
Michigan as an inland sea full of fish. It’s more accurate 
to think of it as an exotic mussel bed sprawling across 
thousands of square miles. Lake Michigan’s quagga mass 

in one recent year was estimated to be about seven times 
greater than the schools of prey fish that sustain the lake’s 
salmon and trout. Under some conditions, the plankton-
feasting mussels can now “filter” all of Lake Michigan in 
less than two weeks, sucking up the life that is the base of 
the food web and making its waters some of the clearest 
freshwater in the world.

This nearly vodka-clear water is not the sign of  a 
healthy lake; it’s the sign of one in which the bottom of 
the food web is collapsing. One study on southeastern 
Lake Michigan revealed that by 2009, phytoplankton 
levels in springtime — the prime plankton-growing 
time of  year — had dropped nearly 90 percent since 
the mussels took over the lake bottom. It’s probably 
not a coincidence that the lake’s fish populations have 
dropped at the same time.

SHIFTING BASELINE
Not all fish are struggling, though. Take the invasive 
round goby, another Seaway interloper that arrived just a 
couple of years after the mussels and is also native to the 
Caspian and Black Sea region. It evolved to feast on the 
flesh of quagga and zebra mussels by cracking their shells 
with molar-like teeth. Now this bug-eyed, thumb-sized 
fish is thriving across the Great Lakes.

“People really don’t grasp what has happened here,” 
Bootsma explains to me on a frigid early November day 
as he straps on a scuba tank, climbs over the back of the 
boat and plunges to the lake bottom 30 feet below. He 
was only about 800 yards off the beach of a popular park 
in the leafy Milwaukee suburb of  Shorewood. But he 
might as well have landed on another continent. Under 
the surface, Lake Michigan bears little resemblance to 
the freshwater wonder that left early European explorers 
awestruck with its teeming herring, trout, sturgeon, perch 
and whitefish. Down below, the lake has pretty much 
become just a goby show.

Bootsma finds the changes professionally interesting, 
but personally distressing. He attributes 
his whole career to summer days he spent 
as a child on Georgian Bay in northern 
Lake Huron, fishing for native bass and 
perch and snorkeling to the rocky bottom 
to capture crayfish. “I still remember tell-
ing myself that when I grow up, I’m going 
to get a job that will keep me on these 
lakes all the time,” he tells me.

Outside his office window at UW-
Milwaukee’s School of  Freshwater Sci-
ences are the grain elevators and coal piles 
that define the city’s inner harbor. That 
harbor is connected to Lake Michigan, 
which is connected to Lake Huron, which 
connects to Georgian Bay. They all have 
different names, but in actuality they are 
the same lake, and the largest lake by 
surface area on the globe. It is no longer 
the lake Bootsma fell in love with. He’s 
known this for years because of his almost 

weekly trips out to his research station on the bottom 
of Lake Michigan.

What’s even more distressing for him is the idea that his 
children don’t even know what they’re missing. Ecologists 
call it the “shifting baseline phenomenon” — a fancy way 
of saying that kids are getting cheated out of the lakes 
their moms and dads loved. “This isn’t the lake it was 25 
years ago, and it’s probably not the same lake it’s going to 
be in 10 years,” says Bootsma.

It’s not just native fish species and summertime beach-
goers that have been hit by this biological pollution. 
Invasive species can have effects just as toxic as the nasti-
est chemicals concocted in a lab. A textbook example is 
the botulism outbreaks that have killed tens of thousands 
of birds on Lakes Michigan, Erie and Ontario. Mussels 
increase water clarity, which helps water plants bloom. 

Harvey Bootsma studies 
the Great Lakes from his 
home base in Milwaukee’s 
harbor. His team recently 
showed invasive mussels 
reduce Lake Michigan 
zooplankton — a key 
food — by half each year.



60  DISCOVERMAGAZINE.COM

TO
P:

 M
EL

 C
LA

RK
 P

HO
TO

G
RA

PH
Y.

 B
OT

TO
M

: E
RN

IE
 M

AS
TR

O
IA

N
N

I/D
IS

CO
VE

R

When those plants decompose, it burns up oxygen, open-
ing the door to botulism-causing bacteria that thrive in 
oxygen-starved environments. The mussels then suck up 
those bacteria and are, in turn, eaten by gobies, which 
become paralyzed and are easy prey for birds.

This is not a rare occurrence. Biologists estimate more 
than 100,000 dead birds — including bald eagles, great 
blue herons, ducks, loons, terns and plovers — have piled 
up on Great Lakes beaches since the botulism outbreaks 
turned rampant in 1999.

SHELL GAME
In 1993, the U.S. Coast Guard made exchanging ballast 
water with mid-ocean saltwater mandatory, yet wave after 
wave of new invasions kept rolling into the Great Lakes. 
The problem was about 90 percent of the ships arriving 
in the Great Lakes from foreign ports at that time came 
fully loaded with cargo and therefore did not officially 
carry any ballast water. But most tanks still carried loads 
of sludge — up to 100,000 pounds of it — along with 
thousands of gallons of residual ballast puddles that can-
not be emptied with a ship’s pumps.

Subsequent studies revealed these muddy puddles 
swarmed with millions of  organisms representing 
dozens of  exotic species that had yet to be found in 
the Great Lakes. So by 2008, the U.S. Seaway operators 
began requiring all Great Lakes-bound overseas vessels 

to flush even their “empty” ballast tanks with mid-ocean 
saltwater. No new exotic organisms have been found 
in the Great Lakes since, a point shipping industry 
advocates tout.

And in 2011, the EPA finally mandated treatment 
systems for overseas ships discharging ballast in U.S. 
waters. The systems, which will use things like chlorine, 
ozone and UV light among other pesticides to kill ballast 
dwellers, will not be required of all ships until sometime 
after 2021. Although these treatment standards should 
reduce the amount of  life spilling into the lakes from 
ballast tanks, think of the problem like a campfire. The 
EPA’s treatment requirements are a little like the first gal-
lon of water you slosh on the fire at the end of the night. 
It might knock down the flames, but it will take several 

more gallons to properly soak the embers to ensure 
you’ve snuffed their glow.

In preparing ballast treatment standards, which a 
federal court ruled inadequate in 2015, the EPA turned 
to some of the country’s best scientists in the field to help 
establish a safe number of organisms that could be dis-
charged per cubic meter of water while still protecting the 
Great Lakes and other U.S. waters from new invasions.

The only thing the panel could agree on is that the 
fewer organisms allowed to survive in a ballast tank, the 
better. Beyond that, they were at a loss because, they said, 
you can’t just pick a magic number and call it safe.

Unless the number you pick is zero.
That is the number Isle Royale National Park Superin-

tendent Phyllis Green aimed for when she learned in 2007 
that an invasive virus deadly to dozens of freshwater fish 
species was creeping toward her rugged, forested island 
in the middle of Lake Superior. Green’s focus instantly 
turned to the island’s coaster brook trout — a beleaguered 
native species that once numbered in the millions in Lake 
Superior but is now counted by the hundreds. “If  you 
have only 500 fish and you have a disease that can kill fish 
by the tons,” she says, “your motivation is pretty strong, 
especially if your job is to preserve and protect.”

Green went straight to the captain of the Ranger III, 
the 165-foot-long ship that ferries park passengers to the 
island, 73 miles from its home port on Michigan’s Upper 
Peninsula. Worried that the ferry might suck the rapidly 
spreading virus into its ballast tanks while docked at the 
mainland, she asked if  there were any way to disinfect 
that ballast before it was released into park waters. The 
captain said no. “What happens,” Green replied, “if I tell 
you that you can’t move this ship unless you kill every-
thing in your ballast tanks?”

That’s when the brainstorming started. Green’s goal 
was to try to figure out how to make the Ranger III safe 
to sail — not in years or even months, but in a matter of 
days. She sat down with the captain, the ship’s engineer 

NOAA scientists study mussels found in Milwaukee’s inner harbor. 

Even at 350 feet below the surface of Lake Michigan, 
the Carl D. Bradley’s stern wheel is encrusted in mussels. 
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and David Hand, chair of the Department of Civil and 
Environmental Engineering at Michigan Technologi-
cal University. Hand had worked on water purification 
systems for the International Space Station that can turn 
sweat and urine into tap water.

“This,” Hand told the group of the ballast problem, “is 
not rocket science.”

Two weeks later, Isle Royale’s passenger ship had a 
crude ballast treatment system that used chlorine to fry 
viruses and other life lurking in its 37,000-gallon ballast 
tanks, and then vitamin C to neutralize the poison so the 
water could be harmlessly discharged into the lake. Green 
didn’t stop there. She leveraged her authority as protec-
tor of Isle Royale to block all freighter ballast discharges 
within a 4.5-mile radius of the island, which happened to 
cover shipping lanes used by freighters sailing to and from 
the Canadian port of Thunder Bay.

The Park Service has since installed a permanent bal-
last treatment system on the Ranger III that uses filtration 
and UV light, a first for the Great Lakes. Although the 
Isle Royale boat is almost toy-sized compared with the 
freighters that ply the Great Lakes, Green contends the 
relatively simple chlorine treatment could be scaled up 
to the biggest boats on the lakes as an emergency line 
of defense that would be far stouter than the saltwater 
flushing — the only protection for the lakes until ballast 
treatment systems are required for all overseas ships, 
which likely won’t be until 2021 at the earliest.

STOP THE SALTIES
The Great Lakes are wrapped by thousands of  miles 
of  shoreline. But unlike on the Atlantic, Gulf  or Pacific 
coasts, there is, literally, a door through which every 
foreign Seaway ship must pass. Stop the overseas ships 
known regionally as “salties,” and you can stop their 
ballast invasions.

“Offload the cargo in Nova Scotia and ship it down 
through rail,” an exasperated former Chicago Mayor 
Richard Daley once told me. “That will protect the Great 
Lakes forever. That will protect local and state govern-
ments from spending hundreds of millions of dollars.”

He is not alone. Conservationists agree this low-tech 
solution for the Great Lakes could prove far cheaper 
than installing ballast treatment systems that could cost 

well over a million dollars on each ship.
But what might it cost?
In 2005, two Michigan logistics experts took the first 

crack at putting a price tag on bringing in the Seaway’s 
overseas cargo into the region by other means. The figure 
they came up with was $55 million annually. That’s what 
it would cost to transfer the salties’ cargo from a coastal 
port to trucks, rail or regional boats.

The overall toll just to municipalities and power com-
panies trying to keep their pipes mussel-free over the last 
quarter century tops $1.5 billion. And in terms of damage 
to fisheries and other recreational activities, the dollar toll 
for the ecological unraveling of the lakes due to ballast 
invasions was pegged in a 2008 University of Notre Dame 
study at $200 million annually — a number the study 
authors predicted would grow as new invasive species are 
discovered.

The question now is: How will the public respond once 
the next new invader turns up?

Cleveland’s industrially fouled Cuyahoga River burned 
over and over throughout the 19th and 20th centuries. 
As late as the 1950s, the flames on the oily surface of the 
water were still viewed as business as usual. But eventually 
the public had enough, and when the river was set ablaze 
in 1969, it turned a nation livid and led to passage of the 
Clean Water Act.

Isle Royale’s Green predicts similar fury with the ship-
ping industry when the next ballast invader turns up. 
“The industry has had this grace period to find solutions,” 
she says. “The grace period they have been given will hit 
the fan when they find the next one.”

She tells me this on a raw, rainy day in 2014 at her 
park headquarters not far from the shoreline of  Lake 
Superior, and my notes are a smudgy mess. When I go 
back to them later, I can’t tell from my scribble if  she 
said “if” or “when” a new invasion happens. So I call her 
back to get clarification. She chuckles ruefully.

“No,” she tells me. “I said ‘when.’ Definitely ‘when.’ ”  D

Reprinted from THE DEATH AND LIFE OF THE GREAT 
LAKES by Dan Egan. Copyright © 2017 by Dan Egan. 
With permission of the publisher, W. W. Norton & 
Company, Inc. All rights reserved.

1989 2002 2017

Zebra mussels (orange) quickly colonized the Great Lakes and other waterways after they were first found in 1988. Quagga mussels 
(purple), which thrive in deeper waters, now cover vast regions of lake bed as well.
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How To: Fix Your Fatigue and 
Get More Energy

According to patients at the Center for Re-
storative Medicine, a discovery has com-
pletely transformed their lives. 

Founder and Director Dr. Steven 
Gundry is a world-renowned heart sur-
geon, a best-selling author, and the per-
sonal physician to many celebrities. But 
his breakthrough could be the most import-
ant accomplishment of his career. 

Dr. Gundry has unveiled a simple — yet 
highly effective — solution to issues that 
plague millions of Americans over 40: low 
energy, low metabolism and constant fa-
tigue.

“When you’re feeling low energy, that’s 
your body screaming HELP!” Dr. Gundry’s 
radical solution was inspired by a break-
through with a “hopeless” patient who had 
been massively overweight, chronically fa-
tigued and suffering from severely clogged 
arteries.

The secret to his breakthrough? “There 
are key ‘micronutrients’ missing from 
your diet,” Dr. Gundry said, “If you can 
replenish them in very high dosages, the 
results can be astonishing.”

This unorthodox philosophy is what led Dr. 
Gundry to create an at-home method for 
fatigue — which has since become re-
markably successful with his patients.

“They’re reporting natural, long-lasting 
energy without a ‘crash’ and they’re feeling 

Dr. Gundry’s team released a compre-
hensive video presentation , so that the 
public can be educated as to exactly how 
it works. 

Watch the presentation here at 
www.GetEnergy26.com
 
Within just a few hours, this video had got-
ten thousands of hits, and is now consid-
ered to have gone viral. One viewer com-
mented: “If this works, it’s exactly what I’ve 
been praying for my whole life. I’ve never 
seen anything like this solution before…
the truth about my diet was shocking and 
eye-opening.”

It makes a lot of sense, and it sounds 
great in theory, but we’ll have to wait and 
see what the results are. Knowing Dr. 
Gundry, however, there is a great deal of 
potential.

See his presentation here at 
www.GetEnergy26.com
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STAR LIGHT, STAR BRIGHT
Just how bright is that star? Scientists measure them by magnitude, a system in which the brightest stars get the lowest numbers. This 
confusing method was conceived by Greek astronomer Hipparchus (illustrated above) more than 2,000 years ago and remains in use around 
the world today. Read more on page 64, and find out why some small galaxies are turning cannibal, beginning on page 70.  ERNIE MASTROIANNI; 
ENGRAVING BY NORTH WIND PICTURE ARCHIVES/ALAMY STOCK PHOTO
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MANY OBSERVERS (me included) pride 
themselves in knowing the brightnesses 
of numerous celestial objects. That 
measurement, after all, is one of the 
basic tools of our science and our 
hobby. But how many of us know the 
story of the magnitude system?

Let’s dwell a bit and detail how the 
system developed, explain the different 
kinds of magnitudes, and provide a 
couple of  nice tools you can use to 
deal with them.

A BIT OF HISTORY
The Greek astronomer Hipparchus, 
who lived in the second century B.C., 
was the first person to write extensively 
about stars of different brightnesses. 
He divided them into six ranges, which 
he called magnitudes. He classified the 
brightest as stars of the 1st magnitude 
and the faintest as stars of the 6th 
magnitude. Astronomers have used his 
system, almost unchanged, for almost 
2,200 years.

Hipparchus produced a list of 
about 850 stars for a catalog he 
compiled. That catalog no longer 
exists, but Greek philosopher Ptolemy 
incorporated all the entries into books 
VII and VIII of  his massive work, 
the Almagest. In the second century, 
Ptolemy expanded the catalog to 1,022 
stars, but retained the six magnitude 
ranges Hipparchus had created.

Fifteen centuries later, Galileo 
Galilei pointed an “optic tube” that he 
had built toward the sky. In addition 
to discovering irregularities on the 
moon’s face, that Venus goes through 
phases, and that four moons orbit 

Jupiter and not Earth, he noticed 
something about his telescope. It 
didn’t simply magnify objects — it 
literally revealed the invisible.

Writing in the Sidereus Nuncius 
(Starry Messenger) in 1610, Galileo 
stated, “Indeed, with the glass you 
will detect below stars of  the sixth 
magnitude such a crowd of  others that 
escape natural sight that it is hardly 
believable.” Then the great scientist 
coined a term that no one had used 
before. He called the brightest of 
the stars below naked-eye visibility 
“seventh magnitude.”

As telescopes got bigger, astrono-
mers decided it was time to expand 
the magnitude system. A multitude 
of  stars fainter than those listed as 
6th magnitude by Hipparchus were 
now visible. And there was a problem 
on the other end of  the scale as well. 
The stars designated 1st magnitude 
varied greatly in brightness. Some, like 
Sirius, dramatically outshone others 
like Spica. And what if  astronomers 
wanted to assign magnitudes to the 
planets? Or the moon? Or — would it 
be possible — the sun?

By the late 1700s, astronomers were 
using an informal system in which 
stars that differed by one magnitude 
had a brightness difference of  about 
two and a half. Researchers and 
amateurs used that loose definition for 
some 70 years.

But during this time, how were they 
determining the numbers to assign as 
magnitudes? In 1851, English astrono-
mer William R. Dawes demonstrated 
one way. He used a wedge of  varying 

How Astronomers 
Measure Brightness
Whose bright idea was this backward magnitude system anyway?
BY MICHAEL E. BAKICH

The sky is filled with objects 
that cover a huge range of 
brightnesses. The brightest star, 
Sirius, is roughly 4,000 times 
brighter than the faintest star 
visible to the naked eye. 
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BRIGHTER                          DARKER

… -5   -4   -3   -2   -1   0   1   2   3   4   5 … 
Astronomers record brightness with a 
number called magnitude. The lower 
the number, the brighter the object.

THE SUN –26.7

SIRIUS, THE BRIGHTEST STAR 
IN THE NIGHT SKY –1.5 VEGA, CHOSEN AS “ZERO POINT” 0.0

Vega

FAINTEST OBJECTS IN VISIBLE LIGHT WITH HUBBLE SPACE TELESCOPE 31.5
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optical density that he moved across 
the field of view of his eyepiece. He 
noted the point where a star would 
disappear and could then determine 
its brightness.

Around the same time, other 
astronomers were developing the 
concept of  using magnitudes less than 
1, but they did leave certain aspects 
of  the original system intact. For 
example, Hipparchus had quantified 
the general limiting magnitude of  the 
human eye as 6th magnitude, and that 
rough estimate has endured.

DOING THE MATH
In 1856, another English astronomer, 
Norman R. Pogson, realized 
that astronomers considered a 
1st-magnitude star about 100 times 
brighter than a 6th-magnitude one. 
He therefore suggested standardizing 
that relationship. The ratio between 
magnitudes thus became the fifth root 
of  100, or 2.5118865, a number now 
known as Pogson’s ratio.

Ever since, astronomers recognize 
that a star of  a certain magnitude is 
2.5118865 times brighter than a star 
one magnitude fainter. The rest of 
us round off  to 2.5, which is plenty 
accurate. Pogson had defined a 
logarithmic scale. 

The scale was also convenient 
because 19th-century researchers 
studying vision thought the eye 
sensed differences in brightness on a 
logarithmic basis: Our eyes perceive 
equal ratios of  intensity as equal 
intervals of  brightness.

Today, we know the eye is not quite 
a logarithmic detector. So a 5th-
magnitude star doesn’t appear to the 
eye to be exactly halfway in brightness 
between 4th- and 6th-magnitude stars. 
Close, but not exactly.

Because a one-magnitude differ-
ence equals the fifth root of  100, a 
difference of  five magnitudes equals a 
hundredfold difference in brightness. 
To see a real-life example, step outside 
one night this winter and find the 
brightest nighttime star, Sirius, the 
Dog Star, in the constellation Canis 

THE CRAB SUPERNOVA OF 1054 –6.0

VENUS AT MAXIMUM BRIGHTNESS –4.9

THE ANDROMEDA GALAXY (M31) 3.4

PLUTO AT ITS BRIGHTEST 13.7



BETELGEUSE
Magnitude 0.5
Reddish orange M2 star

EARTH

ACHERNAR
Magnitude 0.5
Blue-white B6 star

140 ly

640 ly
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Major the Great Dog. This luminary 
shines at magnitude –1.47. Then look 
40° north-northeast for Wasat. It 
glows at magnitude 3.53, which makes 
it exactly five magnitudes — or 100 
times — fainter than Sirius.

Finding how much brighter one 
object is than another certainly is 
useful, especially for those of  us who 
write about observing. But there are 
times when you might want to add 
magnitudes, like when you know the 
brightnesses of  both components in a 
double star system and you want the 
total magnitude, or when two planets 
(or a planet and a star) are scheduled 
for a close approach.

Fortunately, our readers don’t shy 
away from a tiny bit of  math. To add 
magnitudes, use this formula:

mc = m2 – 2.5log(10x + 1)
Where mc is the combined 

magnitude and m1 and m2 are the 
magnitudes of  the objects, and 
x = 0.4(m2 – m1).

TYPES OF MAGNITUDES
When we look at a star, we see its 
apparent magnitude (usually just 
called magnitude), or how bright it 
appears to us. But that tells us nothing 
about its real brightness. Our eyes or 
telescopes can’t tell us how big the star 
is, how hot it is, or how far away it is. 
Astronomers must figure out these 

attributes in other ways.
An absolute magnitude exists 

whereby we can compare objects to 
one another directly. The absolute 
magnitude, also called the luminosity, 
of  a star is the brightness it would 
appear from a distance of  10 parsecs 
(32.6 light-years). This is a valuable 
number because it tells astronomers 

SUPERNOVA 1987A 3.0

Stars of different real brightnesses can appear to be the same 
brightness in our sky, as with Achernar and Betelgeuse, which both 
shine at magnitude 0.5. Achernar, the brightest star in Eridanus, lies 
some 140 light-years away. Betelgeuse, the ruddy supergiant in Orion, 
is nearly five times more distant and intrinsically much brighter.

Apparent Brightnesses

SUPERNOVA 1006 –7.5 THE FULL MOON –12.7
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a lot more about how stars relate 
to each other than apparent 
magnitude does.

Now when astronomers list the 
magnitude of an extended celestial 
object — such as a comet, nebula, or 
galaxy — they calculate its integrated 
magnitude: the brightness it would have 
if  all its light originated from one point.

Astronomers have assigned to comets 
and asteroids a different absolute mag-
nitude system (because it also makes no 
sense to imagine them 32.6 light-years 
away). The value for those objects is 
the brightness each would have to a 
theoretical observer standing on the 
sun if  the object were 1 astronomical 
unit away. (An astronomical unit is the 
Earth-sun distance.)

Then there are meteors. Believe 
it or not, it’s easier to estimate the 
magnitude of a faint meteor than CL
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JUPITER AND MARS AT MAXIMUM BRIGHTNESS –2.9

THE PINWHEEL GALAXY (M33) 5.7

COMET IKEYA-SEKI AT MAXIMUM 
BRIGHTNESS –10

ETA CARINAE AT MAXIMUM 
BRIGHTNESS, 1843 –0.8
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a fireball. Numerous comparison 
stars exist in the 0–6 magnitude 
range. The opposite is true for 
negative magnitudes. Experienced 
meteor watchers use Jupiter, Venus, 
and phases of the moon to help in 
their estimates.

Within the apparent/absolute 
divisions, magnitudes in different 
wavelengths are possible. Blue 
magnitude, a remnant of  blue-
sensitive photographic emulsions, 
is one; red is another. Astronomers 
even measure magnitudes in invisible 
light — ultraviolet and infrared.

Another thing you may see that’s 
related to magnitudes is color index. 
To determine this, researchers compare 
the magnitudes of a star through two 
different filters.

The most widely used color index in 
astronomy comes when you subtract 
a star’s visual magnitude from its 
blue magnitude, often written as B–V. 
When this value is large, the star is red, 
and when it’s small or negative, the star 
is blue. The working range of color 
indices for stars is about –0.5 to 2.5.

ESTIMATING LIMITING MAGNITUDE
When you’re out observing, you 
should always estimate your site’s 
limiting magnitude.

This does three things: First, it 
reinforces the quality of the sky. 
Second, it gives you a way to compare 
your observations with others for 
months or years, assuming you keep 
an observing log. And third, as you 
make more estimates, you’ll become 

a better observer, more conscious 
of little details.

Most limiting magnitude estimates 
are done by eye. Some observers 
have used a telescope, but only for 
special observations or those of 
really faint stuff.

Through the years, amateur 
astronomers have estimated limiting 
magnitudes in three ways. Today, 
most values come from observations 
of stars near the zenith, directly 
overhead. This region lies farthest 
from any light pollution, and you’re 
also looking through the least amount 
of atmosphere.

Some older observers still use 
a system called the North Polar 
Sequence. As its name suggests, you 
simply look at stars near Polaris and 
determine the faintest one you can see.

The third technique is rare, but it’s 

more accurate than the other two for a 
specific task. Let’s say you’re studying 
an object far from both the zenith and 
Polaris. It may benefit you to estimate 
the magnitude limit near the object. 
If  you do, take our atmosphere out of 
the mix by making your estimate at 
the same altitude as your target.

A FINAL THOUGHT
Observers take magnitudes into 
account in a variety of ways, from 
determining their telescope’s cutoff  
limit to deciding if  a certain object is 
worth spending time on. When you’re 
with a beginner, however, remember 
to point out that magnitudes are 
counterintuitive. The smaller the 
number, the brighter the object.  D

Michael E. Bakich is a senior editor at 

Astronomy magazine.CL
O

CK
W

IS
E 

FR
O

M
 TO

P 
LE

FT
: N

AS
A/

JP
L-

CA
LT

EC
H/

U
CL

A/
M

PS
/D

LR
/ID

A;
 TO

N
Y 

HA
LL

AS
; D

AN
 C

RO
W

SO
N

The constellation Ursa Minor and its Little Dipper 
asterism offer a great area to compare naked-eye 
magnitudes. The dipper’s seven stars range from 
Polaris, at magnitude 2.0, to Eta (η) Ursae Minoris, at 
magnitude 5.0. (In the photo, magnitudes are given 
without a decimal point to avoid confusion with stars.)

Polaris (α)
20

δ
44

ε
42

ζ
43

γ
30

η
50

Kochab (β)
21

1.  Average faintest star   
 under good sky 6.5
2.  Extreme naked-eye limit 7.5
3.  Faintest objects visible   
 in 7x50 binoculars 9.5

2

3

MINOR PLANET VESTA AT MAXIMUM 
BRIGHTNESS 5.2

OPEN CLUSTER M6 IN THE CONSTELLATION SCORPIUS 

1
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NEARLY A CENTURY after Edwin Hubble 
established the nature of galaxies 
as distant “island universes,” our 
understanding of their birth and 
evolution remains incomplete. While 
much current astronomical research 
focuses on galaxy formation, a growing 
body of evidence suggests that galaxy 
destruction is also common. Countless 
galaxies have met their demise over the 
13.8 billion-year history of the cosmos. 
The carnage is everywhere.

EAT AND BE EATEN!
Galaxies are a gregarious bunch — 
where there’s one, there are usually 
others. This makes isolated giant 
galaxies like NGC 1132 and ESO 
306–017 cosmic oddities. Even more 
strangely, these hermits reside in vast 
seas of dark matter and hot gas that 
normally would be home to tens or 
hundreds of other galaxies.

NGC 1132 and ESO 306–017 have 
a sinister secret: They’re cannibals. 
Evidence suggests that these behemoths 
grew to their bloated sizes by devouring 

their neighbors in a galactic feeding 
frenzy that would make Hannibal 
Lecter proud.

And they’re not the only ones. 
Telescopes capture images of large 
galaxies devouring smaller ones in 
brazen acts of cosmic cannibalism, a 
single moment of a billion-year struggle 
frozen in time. Other galaxies are ripped 
apart by violent gusts of gravity from 
passing neighbors, scattering luminous 
shards along their path like a jet fighter 
breaking up in flight. The universe 
is littered with disembodied streams 
of stars, gas, and dust — the ghostly 
remains of once normal galaxies.

Galaxy clusters, the urban centers of 
the cosmos, are especially dangerous 
places. Here, hundreds of galaxies 
are crammed into a region roughly 
spanning the distance between the 
Milky Way and Andromeda galaxies. 
Trapped in such close confines, they 
turn on each other. And as a cannibal 
moves up through the weight classes, its 
increased gravity makes grabbing new 
victims easier. Survival of the biggest is 

the rule.
It’s a harsh reality 

for small galaxies. Tiny 
“ultracompact dwarfs,” an 
intriguing class of galaxies 
discovered less than two 
decades ago, appear to 
have been slowly flayed by 
repeated encounters with 
larger brutes until all that 
remains are their exposed 
innards — a compact 
nucleus. Astronomers have 
now spotted hundreds 

of ultracompact dwarfs, most in the 
nearby Fornax, Virgo, and Coma 
galaxy clusters.

The surviving nuclei of some stripped 
galaxies might even masquerade as 
globular clusters. Some researchers have 
speculated that several of the Milky 
Way’s largest globular clusters, such as 
47 Tucanae and Omega Centauri, were 
once small galaxies.

G1, the brightest globular cluster 
in the Andromeda Galaxy — and 
indeed the entire Local Group — has 
a number of puzzling features that set 
it apart from other globulars. These 
include an unusually elongated shape 
and the presence of multiple genera-
tions of stars within it. (Most globular 
clusters are composed of members with 
uniform ages.) There’s even evidence 
that G1 might harbor a black hole with 
a mass equal to 20,000 suns, something 
not seen in normal globular clusters.

When Galaxies 
Become Cannibals
Some galaxies harbor a sinister secret: They’ve eaten their siblings.
BY MICHAEL WEST
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Gravity shepherds galaxies together 
to form systems ranging from small 
groups to immense cosmic cities with 
thousands of members, like the Fornax 
galaxy cluster. But monsters lurk 
among them: cannibal galaxies.

Left: Isolated giant galaxies like NGC 1132 are believed to 
be cannibals that have devoured their neighbors. Most of 
the smaller galaxies seen in this image are foreground or 
background objects not associated with NGC 1132. Right: 
The Hubble Space Telescope captured this image of cosmic 
cannibal ESO 306–17, a gargantuan galaxy about 500 million 
light-years away. 
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THE LOCAL BULLY
Astronomers began to suspect that our 
own galaxy might be a cannibal back in 
1978 when Leonard Searle and Robert 
Zinn noticed that globular clusters in 
the Milky Way’s outer regions have a 
surprisingly wide range of ages. This 
could be explained, they reasoned, if  
our galaxy had snacked on smaller 
companions, inheriting their globular 
clusters in the process. The evidence 
was, admittedly, circumstantial.

Then, in 1994, Rodrigo Ibata, Mike 
Irwin, and Gerry Gilmore found the 
smoking gun, proof of the Milky Way’s 
cannibalistic ways. Hidden against the 
dense backdrop of stars toward the 
Milky Way’s center was the battered 
body of a small galaxy. The Sagittarius 
Dwarf, as the trio of astronomers 
named it, is a barely discernible pile 
of stars slowly relinquishing its four 
remaining globular clusters to the 

Milky Way like lunch money to a 
schoolyard bully. Some evidence 
suggests that the Sagittarius Dwarf 
may have survived several trips around 
the Milky Way, allowing our galaxy 
to savor its snack over hundreds of 
millions of years.

There’s now overwhelming evidence 
that our galaxy is a serial cannibal. 
Astronomers have discovered more 
than a dozen long streams of stars in 
the Milky Way, vestiges of past victims 
that it pulled apart like taffy before 
devouring.

Researchers have dubbed one 
particular patch of sky (observed as 
part of the Sloan Digital Sky Survey) 
the “Field of Streams” because it has 
several crisscrossing ribbons of stars, 
including one or more that snake 
back to the Sagittarius Dwarf. Others, 
like the appropriately named Orphan 
Stream, have no known ancestor galaxy.

The Pan-Andromeda Archaeological 
Survey, an international effort by 
researchers to map the Andromeda 
Galaxy using the Canada-France-
Hawaii Telescope on Mauna Kea, has 
found similar stellar streams there.

Which object will be the Milky 
Way’s next victim? It’s hard to say 
— our galaxy doesn’t appear to be a 
picky eater. The Canis Major dwarf 
galaxy, whose very existence is con-
troversial because of  its low density 
of  stars, is the nearest potential target 
and may already be feeling the Milky 
Way’s gravitational fury. It would add 
an estimated 1 billion new stars to our 
home galaxy. 

Beyond that, dozens of small 
galaxies surround the Milky Way, and 
new ones are still being discovered, 

Caught in the act! Lurking in the heart of 
the galaxy cluster Abell 3827 is one of the 
most massive galaxies in the local universe, 
a behemoth that could swallow dozens 
of galaxies the size of the Milky Way. 
The partially digested remains of several 
recently cannibalized galaxies are still 
visible in its center. 

47 Tucanae is one of the largest globular 
clusters in the Milky Way. Or is it? Some 
evidence suggests that 47 Tucanae might be all 
that remains of what was once a dwarf galaxy. 
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such as the Crater 2 dwarf galaxy found 
earlier this year. The Large and Small 
Magellanic Clouds, the Milky Way’s 
two largest remaining companions, also 
could end up as meals someday, and 
features like the ribbon of gas called 
the Magellanic Stream connecting the 
two clouds might be evidence of our 
galaxy starting to nibble. But recent 
evidence suggests the clouds are moving 
fast enough to escape the Milky Way’s 
gravitational clutches — for now.

COSMIC KARMA
Gravity, like death, is a great equalizer. 
The Milky Way, having victimized 
countless galaxies over its lifetime, 

is destined to become prey itself  in 
4 billion or 5 billion years.

The Andromeda Galaxy, the 
largest member of  our Local Group of 
galaxies, is heading our way. Although 
currently separated by 2.5 million 
light-years, the Milky Way and 
Andromeda are hurtling toward each 
other at 250,000 mph (112,000 meters 
per second), almost 10 times faster 
than the speed of  New Horizons, 
the fastest spacecraft launch to date. 
A few billion years from now, our 
descendants — whoever or whatever 
they may be — will have a spectacular 
view as Andromeda looms ever larger 
in the night sky before engulfing 

the Milky Way.
Outweighed 2 to 1, 

the Milky Way doesn’t 
stand much of  a 
chance. After a flurry 
of  encounters that will 
batter and bruise both 
of  them, the two galaxies 
will slowly come together 
like tired boxers in a 
clinch until eventually 
Andromeda absorbs 
the Milky Way. From 
this chaos, a new, larger 
galaxy will emerge 

that has already been nicknamed 
Milkomeda. The sun, with its planets in 
tow, will be one of more than a trillion 
stars that call this new galaxy home.

But there’s no reason to think the 
cannibalism will end there. With dozens 
of other small galaxies in the Local 
Group, there’s plenty for Milkomeda to 
munch on in the future.

In 2000, Swinburne University 
astronomer Duncan Forbes 
and colleagues wondered what 
complete cannibalism of  the Local 
Group might look like. Using 
computers, they digitally assembled 
a Frankensteinian mix of  all known 
Local Group galaxies. The final result 
— the last galaxy standing — turns 
out to be indistinguishable from large 
elliptical galaxies found throughout 
the universe, a placid collection 
of  stars and star clusters with few 
obvious signs of  past trauma. Forbes 
and his colleagues christened it “the 
elliptical galaxy formerly known as 
the Local Group.”

MESSY EATERS
In 1951, pioneering Swiss astronomer 
Fritz Zwicky noticed “large luminous 
patches” of material in the space 
between galaxies. He realized that 

NGC 660 bears the scars of a violent encounter that probably occurred about a billion years ago. 
The ring of gas, stars, and dust that encircles NGC 660 may be the twisted remains of a smaller 
galaxy that strayed too close. 

The Milky Way might someday make a meal of the Large 
Magellanic Cloud, seen here as a whitish smudge of light 
above the Atacama Large Millimeter/submillimeter Array 
(ALMA) in Chile.
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this diffuse glow was the collective 
light of innumerable stars that are not 
gravitationally bound to any galaxy 
but move freely between them. Zwicky 
suggested that rogue stars like this 
might be the most abundant luminous 
objects in the universe.

But where did these intergalactic 
vagabonds come from? While it’s 
possible that some might have been 
born outside of galaxies, most prob-
ably weren’t. Despite their voracious 
appetites, cannibals are messy eaters. 
Not all of the material torn from 
victims is consumed. Some escapes into 
empty space where it accumulates over 
time into a sea of orphaned stars and 
star clusters.

Astronomers have already found 
thousands of free-roaming globular 
clusters in the nearby Virgo, Fornax, 
and Coma galaxy clusters, though none 
yet in the Local Group. But recently, 
Yale University astronomers Graziella 
Di Tullio Zinn and Robert Zinn 
identified a dozen possible intergalactic 
globular clusters in the Local Group 
after they sifted through 183,791 
candidates from the Sloan Digital 
Sky Survey, like miners prospecting 
for gold. Further investigation will 
determine whether these objects are 

bona fide intergalactic globular clusters 
or faint faraway galaxies that have 
been misidentified.

LONG LIVE THE CANNIBAL!
Gravity’s relentless pull means that 
cannibalism will continue for billions 
of years to come. It’s a future of fewer 
but bigger galaxies. Eventually the 
carnage must end, however, as the 
supply of available victims dwindles. 
One hundred billion years from now, 
long after the sun has expired, a fully 
gorged Milkomeda will settle into quiet 
old age as an elliptical galaxy, the last 
survivor of the free-for-all that was 
once called the Local Group.

“The universe is made of  stories, 
not of  atoms,” wrote poet Muriel 
Rukeyser. Every galaxy has its own 
unique story, with harrowing tales of 
cannibalism, either happening to them 
or that they created, woven through-
out. Telling those stories is the goal of 
astronomers — the forensic scientists 
of  the cosmos.  D

Michael West is deputy director for science 

at Lowell Observatory in Flagstaff, Arizona. 

His most recent book is A Sky Wonderful 

With Stars: 50 Years of Modern Astronomy on 

Maunakea (University of Hawaii Press, 2015).

Crimes Against 
Galaxies
Galaxies can suffer a variety of 
fates, some more macabre than 
others. Here are a few of the 
colorful terms that astronomers 
use to describe them:

Cannibalism The act of one 
galaxy devouring another.

Harassment Coined by 
astronomer Ben Moore and 
colleagues in 1996, this term 
refers to frequent high-speed 
gravitational encounters that 
occur between galaxies in dense 
environments, such as galaxy 
clusters. These encounters are 
especially harmful to small 
galaxies and can even destroy 
them over time. 

Shock A sudden compression of 
stars or gas, the cosmic equivalent 
of a gasp. Shocks can trigger the 
birth of new stars or cause old 
star clusters to break apart.

Strangulation When a 
galaxy’s gas supply is cut off, 
curtailing the birth of new stars. 
(Cold gas is the fuel of star 
formation.) Galaxies can die 
by slow strangulation in some 
environments.

Stripping The escape of stars 
from one galaxy caused by the 
gravitational pull of others. It 
also can refer to the removal 
of gas from galaxies when 
they plow through the hot 
plasma that permeates space in 
galaxy clusters. 

Threshing Similar to stripping, 
this is a more gradual removal 
of stars through repeated 
interactions that leave a galaxy’s 
innermost regions intact.

Violent relaxation Rapid 
fluctuations in a galaxy’s 
gravitational field during its birth 
or cannibalization cause stars to 
lose memory of — and stray from 
— their original orbits, creating a 
sort of dynamical amnesia.  M.W.

In about 4 billion 
years, residents of 
the Milky Way will 
have a stunning view 
of the approaching 
Andromeda Galaxy as 
it looms ever larger in 
the night sky, before 
eventually merging 
with the Milky Way. 
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The Cold War’s 
Modern Resistance

→When the World Health 
Organization issued a report last 

February highlighting the antibiotic-
resistant pathogens that posed the 
gravest public health threats, it capped 
a disheartening year. A powerful 
variety of E. coli reached American 
shores, and a Nevada woman died of 
an infection untreatable by available 
antibiotics.

While it’s not time to panic, the 
stakes are high. The U.S. sees about 
2 million resistant infections every year, 
and medical professionals still have no 
real solutions. If  additional resistant 
bugs develop, or if  the existing ones 
take over, our modern way of life would 
end. Infected paper cuts and blisters 
could prove deadly; surgeries would 
become more risky. Crop yields would 
plummet.

Chalk it up as one more casualty 
of the Cold War.

ESTABLISHING ANTIBIOTICS
Geopolitics and antibiotics have 
crossed paths ever since the birth of 
the wonder drugs.

When Australian pathologist Howard 
Florey and British biochemist Norman 
Heatley first brought Penicillium 
notatum spores to the United States 
in 1941, they were already proven to 
be effective against a wide variety of 
bacteria. Washington took an immediate 
interest. A government lab volunteered 
to help develop a more efficient means 
of producing the life-saving mold, and 
soon after, private pharmaceutical 

companies were brought in: Merck, 
Lederle Laboratories, E.R. Squibb and 
Chas. Pfizer.

Even before entering World War II, 
the United States was sending aid 
to Britain, with factories churning 
out ships and planes. Why should 
antibiotics be any different? Penicillin 
promised to reduce Allied casualties, 
a strategic advantage. Sick soldiers 
could not fight; healthy armies won 
wars. Developing the drug cheaply and 
plentifully was essential for national 
security. It was win-win for the U.S. and 
the drug companies.

“For the American and British 
antibiotic-producing companies, 
penicillin was strategic in financial 
terms,” says historian Mauro Capocci 
of Sapienza University in Rome. “In 
military terms, antibiotics were useful 
on the battlefield. Basic medical care 
in the civilian population would also 
greatly improve.”

As the world shifted to the Cold War, 
and capitalist democracies jockeyed 
against communist dictatorships, 
antibiotics emerged as political 
instruments. Soviet bloc nations wanted 
access to antibiotics, and the U.S. 
and U.K. subsequently attempted to 
control distribution. With penicillin’s 
patent in the public domain, however, 
they could only do so much. Rather 
than controlling the drug itself, 
Britain and the U.S. regulated access 
to the machinery essential to the deep 
fermentation technique needed to 
mass-produce penicillin.

SOVIET FLAWS
As tensions remained high, and as 
antibiotics became harder to produce 
and acquire in Soviet states, the world’s 
scientists were cut off  from each other, 
ending a free flow of information and 
inadvertently giving rise to “Western” 
and “Soviet” science.

In the West, antibiotic research 
produced a number of so-called 

How the decades-long conflict led to today’s 
increasingly impotent antibiotics. 
BY MARC LANDAS
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As the world shifted 

to the Cold War, 
and capitalist 

democracies jockeyed 
against communist 

dictatorships, 
antibiotics emerged as 
political instruments.

History
Lessons
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broad-spectrum drugs that used a 
scorched-earth approach. These killed 
lots of bacteria — even the body’s 
helpful ones. This quickened the onset 
of resistance, as any surviving bacteria 
were bound to be more hardy.

Soviet scientists took a different 
approach, researching “medicinal 
botanicals,” or whole plant-based 
medicines, and bacteriophage 
therapies, which took advantage 
of viruses that attack bacteria. The 
latter are notable for their potential 
specificity — the right virus could 
destroy only the offending bacteria, 
leaving the rest of the body alone. But 
the approach was dismissed by Western 
scientists, who just never studied 
phages enough to trust them.

Bacteriophage therapies weren’t 
enough, though, and Soviet 
pharmaceutical plants eventually 
sprang up in many Eastern European 
countries, helping fill Russia’s need for 
antibiotics. Although the plants could 
produce penicillin and other popular 
antibiotics, the methods were much less 
efficient, and the purity varied.

“Distribution was also a problem, 
as the industry lacked adequate 
vials and packaging materials, and 
much production was spoiled,” says 
medical historian Mary Schaeffer 
Conroy, author of Medicines for the 
Soviet Masses During WWII. “Soviet 
pharmacologists focused on medicinal 
botanicals because of shortages of 
chemically synthesized medicines.”

As a result, Soviet pharmaceutical 
companies churned out billions of 
units of questionable drugs that were 
only partially effective at normal 
dosages, weakening bacteria but 
not killing them outright — an 
environment perfect for spurring 
antibiotic resistance.

When resistance became a problem, 
it proved literally unbelievable to the 
rest of the world. The Washington Post 
and Times-Herald reported in 1956 

Clockwise from top: A research team working on penicillin meets in Peoria, Ill. American 
researchers in 1944 store sealed antibiotics. Soviet workers prepare prescriptions in the Moscow 
Pharmaceutical Plant.
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that Soviet health officials had declared 
that penicillin no longer worked against 
venereal diseases. Charles Rein, a 
consultant for the WHO, responded: 
“They either have a different brand of 
syphilis in Russia or a different kind of 
penicillin.” The Soviet Union did not 
have a reliable supply of antibiotics 
until the 1980s.

WEST ISN’T BEST
In addition to helping bring about 
these conditions in Soviet countries, 
the West also played a more direct role 
in bringing about today’s antibiotic 
resistance crisis. After WWII, 
Europe’s battered countries needed 
help resuscitating their 
economies. Industry and 
agriculture sputtered, often 
hampered by antiquated 
techniques. Washington 
feared communism could 
spread through Europe, so 
the Marshall Plan emerged 
as a solution. Designed 
to provide economic aid 
to struggling nations, the 
plan entailed everything 
from monetary packages to 
beneficial trade deals.

Meanwhile, American 
scientists discovered 
that adding antibiotics 
to animal feed not only 
protected the animal from 
disease, but also caused 
livestock to grow faster. (Scientists 
believe it’s due to changes in the 
bacterial balance in an animal’s gut.) 
Antibiotics helped pave the way for 
today’s massive modern agricultural 
businesses.

“In the 1950s, extension agents, land-
grant scientists and pharmaceutical 
companies all championed antibiotics 
as a means to increase production 
while lowering costs,” says science 
historian Alan Marcus of Mississippi 
State University. The popular media 
portrayed them as being better for 
animal development than vitamins.

American experts spent much of 
their time teaching this novel aspect of 
agriculture at home and abroad as part 
of the Marshall Plan. The techniques 
were adopted to varying degrees around 
the world; they were stunning successes, 
economically and psychologically. The 
ability of many more people to afford 
meat enlisted goodwill and economic 
support during the Cold War.

However, society is still paying 
the price for the widespread use of 
antibiotics in agriculture. Since the 

1960s, scientists have cited this use as a 
major cause of bacterial resistance.

RESISTANCE GETS REAL
Fast forward 50 years, and the liberal 
use of antibiotics, on patients and on 
livestock, has left today’s scientists and 
public health officials in crisis. New 
bacteria resistant to antibiotics appear 
at disturbingly high rates. Some 23,000 
people die every year in the U.S. from 
resistant infections, with health care 
costs projected up to $20 billion. Rates 
are similar in the European Union, and 
studies project it will get worse.

Many major pharmaceutical 
companies have stopped researching 

and developing new antibiotics 
altogether, shifting more of 
that responsibility to smaller, 
nimbler biotechnology 
startups. Yet about half these 
companies are considered “pre-
revenue,” meaning they have 
no products on the market yet. 
The limited potential profits 
of antibiotics can’t compete 
with moneymaking drugs that 
treat chronic diseases such as 
diabetes.

Scientists are scrambling 
to discover new drugs and 
novel types of antibiotics 
— something that hasn’t 
happened in more than 
30 years. According to a 
review conducted by the Pew 

Charitable Trusts, as of March 2017, 
at least 40 new antibiotic drugs were 
in various stages of development. 
“However, given the inevitability that 
some of these antibiotics will fail to 
win approval, it is clear that there are 
too few drugs in development to meet 
current and anticipated patient needs,” 
according to a 2016 report from Pew.

The Cold War may have ended 
decades ago, but its effect on antibiotics 
— and treating diseases — lives on.  D

Marc Landas is a freelance science writer 

based in New York City.

Partly because of Soviet and Western practices, 
penicillin has lost much of its effectiveness over 
the decades due to today’s resistant pathogens.

Many major 
pharmaceutical 
companies have 

stopped researching 
and developing new 

antibiotics altogether, 
shifting more of that 

responsibility to smaller, 
nimbler biotechnology 

startups. 

History
Lessons
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→How do they do it? How do 
science deniers manage to 

convince themselves that the evidence 
for global warming, evolution and 
vaccine safety is so much fake news? For 
those of us who prefer to remain based 
in reality, the denialists represent a 
conundrum. Plenty of them are 
intelligent and educated — yet 
they just will not accept 
scientific findings as true. At 
least not when it comes to inconvenient 
truths that mess with their self-interest 
or self-identity.

Luckily, most science geeks would 
never deny the settled science in a 
field where multiple peer-reviewed, 
placebo-controlled studies find the 
same thing over and over. They would 
never be lulled into believing that 
thousands of scientists have conspired 
to delude people into accepting a 
phony consensus.

Or would they?

PILL POPPERS 
Late in 2013, a week before Christmas, 
the Annals of Internal Medicine 
published three papers on the role of 
vitamin and mineral supplements in 
the prevention of disease or death. 
The first reviewed three large trials of 
multivitamins and 24 trials of single 
or combined vitamins involving over 
400,000 people. The conclusion: 
no convincing evidence that the 
supplements prevent or delay cancer, 
heart disease or death.

The second study, a randomized trial 
following 5,947 men aged 65 or older 
for 12 years, found no difference in the 
mental functioning or verbal memory 
of those who took a multivitamin 

versus those who took a placebo.
The third compared a high-dose, 

28-component multivitamin with 
placebo in 1,708 men and women 
who had survived a previous heart 
attack. After 4.6 years, no difference 
was seen between the two groups in 
their subsequent rate of heart attacks 
or strokes.

An editorial accompanying the three 
studies noted: “Evidence involving 
tens of thousands of people randomly 
assigned in many clinical trials shows 
that beta-carotene, vitamin E, and 
possibly high doses of vitamin A 
supplements increase mortality and 
that other antioxidants, folic acid and B 
vitamins, and multivitamin supplements 
have no clear benefit.”

Of course, all vitamins, by 
definition, are essential for health in 
small amounts. And while doctors do 

sometimes prescribe particular vitamins 
to treat specific medical conditions, 

most of us get all we need from 
food. It’s the widespread belief in 

vitamin supplements to prevent or 
treat heart disease, cancer, Alzheimer’s 

or the common cold that simply does 
not stand up to scientific scrutiny.

The same month that those papers 
were published, Gallup released a poll 
showing that 50 percent of Americans 
said they “regularly take a multivitamin 
or any other type of vitamin or 
mineral supplement.” Interestingly, 
the higher the education level of the 
person, the greater the chances that 
they took a vitamin. Just 43 percent 
of those with only a high school 

education said they took a 
vitamin, compared with 51 
percent of those with some 

college, 55 percent of college 
graduates and 65 percent of those 

with postgraduate degrees.
No reliable national polls on the 

subject have come out since. But a 
May 2016 report by Nielsen examined 
sales data from 91,000 grocery, drug, 
convenience and value stores, analyzing 
approximately 738,000 individual SKU 
product codes in 53 categories — in 
other words, pretty much everything 
sold in retail outlets. It found that 
“vitamins and supplements had the 
largest increase in total store sales over 
the past two years,” outpacing sales of 
food and, well, everything else.

By comparison, the proportion of 
people who deny that global warming 
is caused by pollution from human 
activities — who insist it’s simply 
a result of natural changes in the 
environment — dropped from 46 
percent in 2010 to just 31 percent in 
2016, according to Gallup polls.

As for herbal remedies, in 2015 
New York’s attorney general, Eric 
Schneiderman, released results of DNA 
testing of echinacea, ginseng and St. 
John’s wort from four national retailers: 
Target, Walmart, Walgreens and GNC. JW
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No Denying It
What happens when the scientific data 
don’t play along with the view we have 
of ourselves? BY DAN HURLEY

50% 
of Americans said 
they regularly take 

vitamins or mineral 
supplements. 

Prognosis
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“Just 21 percent of the test 
results from store brand 
herbal supplements verified 
DNA from the plants listed 
on the products’ labels,” 
Schneiderman’s office 
reported, “with 79 percent 
coming up empty.” He 
asked retailers to halt sales 
of the products.

The next year, Nutrition 
Business Journal conceded 
that “intuition would suggest that the 
New York attorney general’s actions in 
early 2015 would have hurt sales, but 
the herbs and botanicals category is one 
of the strongest categories NBJ tracks. 
. . . Internet sales in the category grew at 
an astonishing 19.4 percent.”

“It makes you wonder why people 
are doing this,” says Eliseo Guallar, the 
epidemiologist at the Johns Hopkins 
Bloomberg School of Public Health 
who wrote the 2013 editorial in the 
Annals of Internal Medicine. “I wish we 
had better data about what the thought 
process is in people’s heads.”

MARKETING MAGIC?
Perhaps — and this is just a wild 
guess — it’s due in part to the 
relentless advertising and marketing of 
supplements. Because of the Dietary 
Supplement Health and Education Act 
of 1994, manufacturers of vitamins, 
herbs and other supplements are not 
required to prove to the FDA that a 
product is either safe or effective before 
selling it. Moreover, they can legally 
market any product with vague claims 
such as “maintains immune function,” 
so long as they don’t specifically say that 
it actually treats or cures anything.

But advertising isn’t so all-powerful. 
If it were, those television commercials 
by the fossil fuel industry would have 
convinced everyone by now that coal 
can be “clean.” So why do products 
like Cold-EEZE and Airborne keep 
on selling, even after class-action suits 
and Federal Trade Commission actions 
alleging that their claims of treating 

the common cold were 
unsubstantiated?

One could point to the 
increasingly negative view 
that Americans hold about 
the mainstream health 
care system. Back in 1975, 
Gallup asked how highly 
people regarded various 
institutions in American 
society. When it came to 
the “medical system,” 44 

percent of Americans said they had 
a “great deal” of confidence in it, 
while 36 percent said they had “quite 
a bit.” A mere 13 percent said they 
had only “some” confidence, and just 
4 percent said they had “very little.”

Jump ahead four decades, to 2016, 
and the change is startling: Only 
17 percent said they had a “great deal” 
of confidence in the medical system, 
and only 22 percent had “quite a lot.” 
(The two combined dropped by more 
than half, from a total of 80 percent in 
1975 to 39 percent in 2015.) 
By contrast, the proportion 
who said they had “some” 
confidence more than 
doubled, from 13 percent to 
36 percent, while the segment 
who had “very little” jumped 
nearly sixfold, to 23 percent.

It’s nothing personal 
against traditional health 
care providers. Another 
Gallup poll, from December 2016, 
found the highest-rated professions for 
honesty and ethical standards to be 
nurses, with 84 percent of people rating 
them “very high/high,” followed by 
pharmacists at 67 percent and medical 
doctors at 65 percent. Health insurers, 
on the other hand, may be drawing 
most of the incoming fire against the 
broader health system. Only 12 percent 
of respondents in the same poll ranked 
HMO managers as “very high/high” 
on ethical standards, compared with 31 
percent who rated them “low.”

Whatever the reason, the American 
public today is more inclined to 

listen to an industry selling “natural” 
supplements than to a medical 
establishment selling boring old science.

IT’S ALL ABOUT IDENTITY
Ultimately, beliefs stay in place when 
they fulfill a need and strengthen 
people’s sense of identity, of who they 
are or what they aspire to be.

Dan Kahan, professor of law and 
psychology at Yale Law School, 
sees public understanding of science 
through what he and other researchers 
call cultural cognition. He has 
investigated people’s conflicting views 
on climate change, new technologies 
and other areas where public 
perceptions trail scientific consensus.

“Cultural cognition can influence 
everything from what people believe 
they have seen with their own eyes 
to how they perform a mathematical 
calculation,” he told me. “With the 
goal of maintaining their status in 
some affinity group, people are very 

resourceful when it comes 
to making arguments. It’s 
easy to go on the internet 
to find support for just 
about anything.”

So liberals take vitamins 
and other supplements 
because they love all 
things “natural” and 
hate big pharmaceutical 
companies and private 

insurers, while corporation-worshipping 
conservatives take them because they 
love free markets and hate nanny-state 
bureaucrats telling them what they can 
and can’t take for their own health.

And science nerds of all stripes who 
wonder how anyone can be so ignorant 
as to deny clear scientific results might 
try this experiment: Open a bottle of 
multivitamins, put one in your mouth 
and swallow the bitter pill of self-
recognition.  D

Dan Hurley is a medical reporter whose friends 

and family generally ignore his self-righteous 

prattling about supplements.

65%
of people with 
a postgraduate 
education take 

vitamins. 

Prognosis
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Animal Domestication

20 Things    You Didn’t Know About …

BY GEMMA TARLACH

12 It wasn’t until 2014, however, that researchers 
offered a single explanation for the phenomenon 
of floppy ears, smaller teeth, tameness and other 
“domestication syndrome” traits: a mild deficit in 
neural crest cells. 13 In vertebrate embryos, neural 
crest cells (NCCs) form along the dorsal side, or crest, 
of the neural tube (the proto-central nervous system). 
14 NCCs spread through the embryo as it develops, 
and directly or indirectly affect a range of other 
functions, from the adrenal gland, which controls 
the fear response, to pigmentation, which can differ 
between domesticated and wild populations. 15 Also 
different between the two populations: the speed of 
development. Domesticated animals develop more 
slowly, so their NCCs spread at a slower pace, having 
minimal or no effect on the function they typically 
target. It’s that deficit that results in domestication 
syndrome. 16 Subsequent genetic studies have 
supported the NCC deficit hypothesis, most recently 
an April report in Science on the sequencing of 14 
ancient horse genomes up to 4,100 years old; that’s 
close to the estimated dawn of domesticated horses 
some 5,500 years ago. 17 Sheep were domesticated 
twice as long ago as horses, with goats (10,500 
years ago), pigs and humpless cattle (both about 
10,300 years ago) hot on their heels. 18 Dogs have 
the distinction of being the first animal humans 
domesticated — and the only one before the advent 
of agriculture. A 2016 paleogenetic study found two 
doggie domestication events perhaps 14,000 years 
ago: one in Europe and a second in East Asia. The 
latter population eventually spread west and replaced 
the former. 19 There’s genetic evidence for a similar 
double domestication in cats, too. In June, a study 
in Nature Ecology & Evolution found the African 
wildcat Felis silvestris lybica was first domesticated 
regionally in the Near East before 4400 B.C. 20 But 
a second domestication in ancient Egypt, before the 
first millennium B.C., proved more successful: This 
later lineage spread rapidly around the world via land 
and sea trade routes — and eventually took over the 
internet. Who’s the boss now?  D

Gemma Tarlach is senior editor at Discover.

1 Which came first, the chicken or the egg? That’s 
easy: eggs. Microfossil embryos in primitive eggs 

from southern China are about 600 million years 
old. 2 The chicken, however, now the world’s 

most common domestic animal, dates back 
a mere 4,000 or so years. Most researchers 
believe that Gallus gallus, the red jungle fowl, 
was first domesticated in East or Southeast 
Asia. 3 In 2014, a study ruffled feathers 
with claims that bones from northern China 
showed the wild G. gallus had been chick-

enized into G. gallus domesticus about 10,000 years 
ago. 4 But critics suggested the 2014 paper 
really laid an egg: The bones purported to 
be from chickens were, they claimed, from 
pheasants and possibly even dogs. 5 The 
word domestication is itself contentious. 
Some definitions focus on genetic changes 
due to selective breeding; others describe 
it as humans removing an animal from 
its natural environment to control its 
entire life cycle. 6 A 2015 study offered a 
broader definition: a mutually beneficial 
relationship, over generations, between 
one organism influencing reproduction 
and care of another. 7 The study didn’t 
specify humans as the domesticator 
because these relationships can exist 

beyond our sphere, such as numerous species of 
ants that farm fungus or herd aphids. 8 Although 
researchers traditionally used archaeological evidence 
to determine when our species domesticated another, 
DNA can also show when a population went from 
wild to mild. 9 By comparing ancient and modern 
DNA from a domesticated animal as well as its 
nearest wild relatives, researchers can identify when 
specific genetic mutations associated with domes-
tication arose. 10 Some of the earliest and most 
common genetic markers for domestication involve 
changes in the endocrine system that make an animal 
less fearful of humans. 11 In 1868, Charles Darwin 
was the first to document a collection of physical 
and behavioral traits seen in domestic animals, 
particularly mammals, but not their wild relatives. 

From top: Humans 
domesticated the red 
jungle fowl at least 
4,000 years ago, and 
the dog 10,000 years 
or more before then. 
Humans aren’t the 
only domesticators, 
however. Formica 
aerata is just one 
of a number of ant 
species that herd 
aphids. 
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For over 25 years, The Great Courses has brought 
the world’s foremost educators to millions who want 
to go deeper into the subjects that matter most. No 
exams. No homework. Just a world of knowledge 
available anytime, anywhere. Download or stream 
to your laptop or PC, or use our free apps for iPad, 
iPhone, Android, Kindle Fire, or Roku. Over 600 
courses available at www.TheGreatCourses.com.
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Cognitive Behavioral Therapy: 
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Conquer Your Bad 
Thoughts and Habits
Why is it so hard to lose weight, stop smoking, or establish healthy 
habits? Why do couples argue about the same issues over and over? Why 
do so many people lie awake at night, stricken with worry and anxiety?

The answers to these questions—and the path to lasting change in your 
life—lie in cognitive behavioral therapy (CBT). Developed on a proven 
foundation of neurological and behavioral research, CBT is a well-
tested collection of practical techniques for managing goal-oriented 
change. Build a toolkit of CBT techniques as you take on the role of 
medical student, physician, psychologist, and patient, and learn how to 
create lasting change in your life.
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