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from the editor

Scientific advances stem 
from surprises in the past

When scientists block a female dog’s 
view of a ball, and then reveal a ball of 
different size, the dog reacts with sur-
prise (signaled by extended duration  
of gaze). Male dogs either don’t notice 
or don’t care, as Laura Sanders reports 
on Page 11.

This experiment suggests that female 
dogs would make better scientists than the males would. For 
taking note of surprising phenomena is the first step toward 
making great discoveries.

Ponder for a moment the mystery of general anesthesia, 
the loss of consciousness induced by anesthetic drugs in 
people undergoing surgery. Despite anesthesia’s widespread 
use and effectiveness, nobody really knows exactly how it 
works. But researchers are uncovering intriguing clues.

For one thing, it turns out that anesthesia is surprisingly 
unlike sleep, and actually much more similar to being in a 
coma, as Susan Gaidos reports in this issue (see Page 18). 
That surprise may someday lead to new methods for awak-
ening people from comas caused by trauma. A further surprise 
suggests a possible strategy: A dose of an anesthetic can, 
paradoxically, briefly increase alertness in people just begin-
ning to enter anesthesia or in a semiconscious state from 
an injury. Perhaps proper timing of appropriate doses of 
just the right drugs might someday help restore deep coma 
patients to consciousness.

Suppose that someday comas are indeed easily curable.  
Or that anesthesia is no longer necessary in surgery because 
of futuristic pain-free technologies (or better health care  
to begin with). Other surprising clues at the foundation  
of such advances might be lurking in the pages of Science 
News even now.

Many of today’s stories describe primitive precursors to 
tomorrow’s great insights and innovations — as Science News 
articles have for decades. Like the story from February 1937 
about a car-sized machine capable of mathematical wonders 
that a pocket-sized smartphone can perform today.

That example launches a new feature in Science News, to 
appear on the back page of each issue: “From the Archive” 
(Page 32), celebrating something noteworthy or fun from 
an earlier era. In future issues we will offer you an oppor-
tunity to vote for a topic from the past that you’d like to see 
updated. You can bet that some of the candidates will be  
surprising. — Tom Siegfried, Editor in Chief
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It’s amazing how technology has changed
the way we live. Since the end of the 
Second World War, more products have
been invented than in all of recorded 
history. After WWII came the invention 
of the microwave oven, the pocket 
calculator, and the first wearable 
hearing aid. While the first two have 
gotten smaller and more affordable, 
hearing aids haven’t changed much. Now
there’s an alternative… Neutronic Ear.

First of all, Neutronic Ear is not a 
hearing aid; it is a PSAP, or Personal 
Sound Amplification Product. Until 
PSAPs, everyone
was required to
see the doctor,
have hearing tests,
have fitting 
a p p o i n t m e n t s  
( n u m e r o u s  
visits) and then
pay for the 
i n s t r u m e n t s
without any in-
surance coverage.
These devices can
cost up to $5000
each! The high
cost and inconvenience drove an innovative
scientist to develop the Neutronic Ear PSAP. 

Neutronic Ear has been designed with 
the finest micro-digital electronic 
components available to offer superb 
performance and years of use. Many 
years of engineering and development
have created a product that’s ready to 
use right out of the box. The patented 
case design and unique clear tube make it
practical and easy to use. The entire 
unit weighs only 1/10th of an ounce, 
and it hides comfortably behind either
ear. The tube is designed to deliver 
clear crisp sound while leaving the ear
canal open. The electronic components
are safe from moisture and wax buildup,

and you won’t feel like you have a circus
peanut jammed in your ear. Thanks to a
state-of-the-art manufacturing process
and superior design, we can make 
Neutronic Ear affordable and pass the 
savings on to you. 

It works… but don’t take our word 
for it. Why pay thousands to make 
everything sound louder when what 
you really need is a Personal Sound 
Amplification Product? We’re so sure 
you’ll be absolutely thrilled with the 
quality and effectiveness of this product
that we are offering it to the public at a 
low introductory price with our exclusive

trial offer. If, for any reason, you are 
not completely amazed by how this  
product improves your life, simply 
return it for a refund of the product 
purchase price within 30 days. Call now.

Visit us on the web at
www.neutronicear.com

The Evolution of Hearing Products

Date

17th 
Century

1935

1984

2010 

Easy to Use?

No

Weighed
2.5 pounds

No

Yes 

Invisible?

Hardly

No

No

Yes 

Affordable?

Maybe

No

Not for
most people

Yes 

Invention

The Ear 
Horn

Wearable 
Hearing Aid

Digital 
Hearing Aid

Neutronic 
Ear

Just think of the places 
you’ll enjoy Neutronic Ear

• Parties 

• Restaurants 

• Church • Lectures 

• Book Groups • Movies

• Bird-watching and 

almost any daily activity

You don’t have to pay through the nose to get 
Personal Sound Amplification Technology.

Pioneering audiologist invents 
“reading glasses” for your ears.
Neutronic Ear is the easy, virtually invisible and affordable 
way to turn up the sound on the world around you.

Hard to see • Simple to use
Easy to afford

NeutronicEar
The Sound Dec is ion™

™

Neutronic Ear is not a hearing aid. If you believe you need
a hearing aid, please consult a physician.

Call now for 
the lowest price ever.

Please mention promotional code 
42179.

1-877-718-1603 8
0
1
4
4
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DELETED SCENES BLOG
A leaked LHC study sparks 
hubbub, but physicists stay 
skeptical of a particle fi nd. 
See “Rumors of a Higgs 
discovery are just that.”

EARTH
Eyjafjallajökull spit super-
sharp ash. Read “Volcanic 
ash gets its close-up.”

LIFE
Brain evolution preceded 
a diversity boom in one  
electricity-emitting fi sh. 
Read “Zap! More fi sh.”

GENES & CELLS
Some quick-evolving genes 
may also shorten human 
pregnancies. See “News in 
Brief: Genes & Cells.”

Say What?
DNA breathing \D-N-A BREE-theeng\ n. No, genetic material doesn’t 
actually inhale and exhale. Breathing in this case refers to a natural 
unzipping of portions of paired DNA strands that happens normally 
every few nanoseconds. This unzipping exposes the DNA’s 

chemical units, or nucleotides, to potential manipulation by 
enzymes. Anny Ush eva-Simidjiyska of Harvard Medical School 

and her colleagues have discovered that prolonged exposure to terahertz 
radiation, a type used in some new airport scanners, can provoke DNA 
strands to inappropriately unzip. The change can reprogram certain cellular 
functions and nudge  stem cells toward becoming fat cells. A paper describing 
terahertz effects on DNA breathing appeared in the Dec. 21, 2010 PLoS ONE. 

Science Past | FROM THE ISSUE OF MAY 20, 1961

u.s. spaceman a-okay — The United States broke the 
space barrier May 5 when Alan B. Shepard, Jr., 37-year-old 

astronaut, rode the Mercury capsule 302 
miles down-range from Cape Canaveral, 
Fla. At 9:34 a.m. EST the Redstone rocket 
carrying the Mercury capsule lifted off 
the launching pad and took the astro-
naut for a 15-minute trip that made him 
exclaim, “Man, what a ride!” … Shepard 

had some diffi culty breathing and seeing as he went into 
space and back, but no more than he was prepared for. 
The stress on his body, including a “grayout” of his eyes, 
was less than he had experienced in training.… As he came 
back to earth, he experienced as much as 11 times the 
gravity of earth, or felt 11 times his normal weight.

The (-est) 
Researchers at the University 
of Montana in Missoula have 
pinpointed the hottest place on 
Earth. The Lut Desert in south-
eastern Iran (region shown from 
space) beat out contenders for 
fi ve out of seven years from 2003 
to 2009, with its surface tem-
perature peaking at 70.7° Celsius 

(159.3° Fahrenheit) in 2005. The scientists used a sensor aboard 
NASA’s Aqua satellite to measure the temperature people would 
feel if they touched the ground, a reading that is usually higher 
than air temps. Other hot spots included Queensland in Australia 
and China’s “Flaming Mountain,” the team reports in an upcoming 
Bulletin of the American Meteorological Society. The temperature 
in the Lut Desert is the most consistently hot, but it is not the 
hottest ever recorded: Past measurements include a 1915 soil test 
in Tucson that read 71.5° C (160.7° F). 

Science Future

June 1
The 2011 hurricane season 
begins. For storm updates go 
to www.nhc.noaa.gov 

June 1–5
The World Science Festival 
returns to New York City with its 
annual fun and � air. See 
worldsciencefestival.com 

July 5–10
Watch a 360-degree under-
water � lm and visit exhibits at 
the Royal Society’s Summer 
Science Exhibition in London. 
Learn more at royalsociety.org 

While federal standards � ag only low-intensity red LED lights 
as hazardous waste (because of their high lead content), 
several colors of pin-type LEDs exceed California disposal 
limits for silver, nickel and copper, a recent study found. 
Only the low-intensity yellow LED passed muster.

Science Stats | METALLIC GLOW

SOURCE: S.-R. LIM ET AL/ENVIRON. SCI. TECHNOL. 2011

Metal content limits exceeded by low-intensity 
colored and white LED lights

SCIENCE NOTEBOOK
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In the News
 “ One tends to think of methamphetamine as being a drug of abuse 
largely for fairly advanced organisms.... It was quite nifty to try and 
look at what’s happening in the humble fly. ” — desmond smith, page 14

Atom & Cosmos Pinning a tail on Pluto

Body & Brain Little armored health threat

Life Inspired by a caterpillar, a robot rolls

Earth Arctic coastlines eroding away

Genes & Cells Three kinds of gut bacteria

Environment Pesticides in utero lower IQ

Humans Teeth reveal hominid handedness

By Devin Powell

T he longest-running project in 
NASA’s history has completed 
its mission. Gravity Probe B has 
finally confirmed that the Earth 

drags spacetime around as it rotates, like 
a spoon twisting in a jar of honey. 

Other experiments had already con-
firmed this “frame-dragging ” effect, 
predicted by Einstein’s theory of gen-
eral relativity. The new results, marred 
by technical difficulties, won’t set any 
records for precision.

But for those who have supported 
the beleaguered project, which was 
defunded by NASA three years ago, the 
end of its saga is a triumph in itself.

“We’re proud that our dream wasn’t 
completely lost,” says Stanford Univer-
sity physicist Francis Everitt, who has 
worked on the project for 49 years. “The 
science is complete.”

In 1959 and 1960, the era of Sputnik, 
MIT physicist George Pugh and  
Stanford physicist Leonard Schiff 
independently proposed launching a 
gyroscope into orbit to put Einstein to 
the test. In Einstein’s universe, where 
gravity distorts spacetime, the spin-
ning Earth should deflect the tilt of an  
orbiting gyroscope over time. 

Everitt arrived at Stanford in 1962 to 

Ill-starred quest 
to test E
finally pays off
Gravity Probe B measures 
effect predicted by relativity

help build the world’s best gyroscope. 
This effort, Gravity Probe B, would ulti-
mately cost NASA at least $750 million. 
By Everitt’s count, the project was nearly 
canceled seven times. 

But on April 20, 2004, a spacecraft 
carried four quartz spheres into a polar 
orbit. The size of Ping-Pong balls and 
coated with the superconductor nio-
bium, the spheres were the roundest 
objects ever created by human beings. A 
puff of gas started the gyros spinning, an 
onboard telescope lined them up neatly 
with the star IM Pegasi and the probe 
collected data until August of 2005.

The first analysis of this data revealed 
unexpected anomalies. The gyroscopes 
had behaved badly — wandering around 
and pointing in strange orientations. 

Irregular patches on the surfaces of 
the spheres were to blame. Everitt knew 

about these patches and expected inter-
actions with the gyroscope housings that 
would create small forces, or torques. 
But unanticipated patches on the 
housings themselves amplified these 
electrostatic interactions.

“The torques were 100 times larger 
than we were expecting,” says Everitt. 
“It was a horrible shock.”

Despite this setback, in 2007 the 
Gravity Probe B team confirmed one 
prediction of general relativity. Accord-
ing to Einstein, the Earth’s gravity 
warps spacetime like a bowling ball on 
a trampoline. This “geodetic” effect was 
measured with an error of about  
1 percent (SN: 4/28/07, p. 270).

The much smaller frame-dragging 
effect from the Earth’s rotation, though, 
remained hidden in the noisy data.  
Theory predicted frame-dragging should 

story one

Five decades after its conception and seven years since launch, Gravity Probe B 
has gauged the relativistic twisting of spacetime to a precision of 19 percent.

Story_one.indd   5 5/4/11   1:13 PM
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change the orientation of the craft’s spin-
ning spheres by only 39 milliarcseconds 
per year, about the width of a human hair 
seen from 400 meters. 

After NASA pulled the plug in 2008, 
private funding arranged by an executive 
at Capital One Financial and the royal 
family of Saudi Arabia bought some 
extra time to clean up the data. By com-
paring the overall wobble of each sphere 
with the tiny magnetic fluctuations on 
its surface, the team worked out how the 
patches were interacting. The research-
ers also discovered that the motion of 
the revolving spacecraft could occasion-
ally kick the gyros into new orientations. 

“What the Gravity Probe B team did to 
understand this problem, sort it out and 
get a credible answer was nothing short 
of heroic,” says Clifford Will, a theoreti-
cal physicist at Washington University 
in St. Louis who serves on the mission’s 
science advisory board. 

The results of this painstaking analy-
sis, announced at a NASA press briefing 
May 4 and scheduled for publication in 
an upcoming Physical Review Letters, 
reconfirm the geodetic effect with an 
error of about 0.2 percent. Gravity Probe 
B puts the frame-dragging effect at  
37 milliarcseconds, with an error of 
about 19 percent, far from the original 
goal of 1 percent precision.

“This project has been a victim 
of time,” says physicist Kenneth 
Nordtvedt of Montana State University  
in Bozeman, who points out that other 
experiments have already measured 
these effects. 

Ignazio Ciufolini, a physicist at the 
University of Salento in Lecce, Italy,  

Back Story | Gravity Probe A

Gravity Probe B used high-precision 
gyroscopes (one at left) to measure 
the twisting of spacetime by a spinning 
object (right), a phenomenon predicted 
by Einstein’s theory of general relativity.

For today’s top stories, visit  
SN Today at www.sciencenews.org

in the news

 

Of the many curious effects predicted by Einstein’s general theory of relativity, 
the slowing of time by gravity is (by comparison) relatively simple to grasp.

When gravity is stronger, time moves more slowly. This effect is often called 
the “gravitational redshift” because it can be detected by its influence on the 
color of light emitted from the surface of a massive body. (Slowing of time 
reduces the frequency of emitted light, shifting its color toward the red end of the 

spectrum.) The gravitational redshift also affects 
other sorts of radiation, such as radio waves.

In 1976, scientists from the Smithsonian 
Astrophysical Observatory and NASA’s Marshall 
Space Flight Center tested this gravity-time 
effect with an experiment called Gravity Probe A. 
Launched to an altitude of 10,000 kilometers, 
the probe (payload shown, left) contained a 
hydrogen maser clock that emitted precisely 
timed microwave signals until it crashed into 
the Atlantic Ocean. By comparing signals from 
the probe with an identical maser clock on the 
ground, the scientists could determine whether 
Einstein’s expectations were fulfilled. And in fact, 
the effect on the probe’s signals matched relativ-
ity’s predictions to within 7 parts in 100,000. 

and Erricos Pavlis of the University of 
Maryland, Baltimore County confirmed 
frame-dragging by analyzing the orbits 
of the two laser-ranged LAGEOS satel-
lites (SN: 11/27/04, p. 348). Publishing 
in Nature in 2004, the team reported an 
error of 10 percent. Two other groups of 
scientists in Germany and the United 
States have since checked the analysis, 
and a third satellite scheduled for launch 
this year could help Ciufolini and Pavlis 
improve their precision. 

“We should be able to reach a test of 
frame-dragging with an uncertainty  
of almost 1 percent,” Ciufolini says. 

Proponents of Gravity Probe B say 
that general relativity, which is currently 
incompatible with quantum mechanics, 
should be tested in as many ways as possi-
ble. But the project’s ultimate legacy may 
lie in its contributions to technology, not 
science. GPS systems developed for the 
spacecraft, for instance, now help farm-
ers plant perfectly straight rows of corn.

“The technology needed to do this test 
didn’t exist when the project started,” 
says John Mester, a 19-year veteran of 
the Gravity Probe B team at Stanford. 

Mester hopes to help the team publish 
a series of papers detailing the equip-
ment they developed. But otherwise 
their mission is complete.

“We’re basically done,” Mester says. 
“None of us have a job anymore.” s

Frame-dragging
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Investors…
Great Wealth Comes Down to a Handful of
Good Decisions in a Lifetime—
What is the best thing about financial

independence? I have a friend who
knows. Yes, he has a nice house and a nice
car but he has something that eludes
most of us. A low- stress life. He is finan-
cially independent and money does not
cause him sleepless nights. He never 
inherited a large sum and he married for
love, not for money. He never even made
a huge salary. What he did do is a little
extra financial homework and bought
$10,000 worth of  three stocks in the early
1980s. Microsoft, Intel and Wal-Mart.
Three good decisions. Three VERY good
decisions. Now his portfolio is over
$10,000,000. A younger friend told me of
his early investments in Amazon, Google
and Apple. He is not worrying about 
paying his light bill. Can you enjoy this
kind of stress free life?  I believe that the
answer is yes.

How can you make these kinds of
decisions? Are you going to get your 
advice from your broker? Maybe your
brother in law has a hot tip? I would 
go a different way. I rely on a PhD. A
mathematician and a professional market 
insider who has written 7 books on 
investing. He doesn’t make money on
commissions from your account—he
makes money based on his accuracy. He
understands the bigger picture, the
macroeconomic state of affairs, commodi-
ties and world currencies. And he has a
team of  the finest financial analysts
working with him. 

He predicted the new dominance of
China. He wrote about the huge 
upswing in oil prices years before 

it happened. He ex-
plained why gold prices
shot up 400% in the
last 10 years. These
predictions don’t hap-
pen by chance. It takes
someone who can see the
trends that run below the
headlines; the trends that can really lead
to your financial independence.

His name is Dr. Stephen Leeb and he will
do your financial homework for you. If
you read The Complete Investor, the inner
workings of the economy will be revealed.
Certain analysts will charge thousands of

dollars for such insight, but Dr. Leeb 
believes that educated investors deserve
better. The Complete Investor can 
give you the re-
search that you

need to protect
and grow your
wealth for only
$39 for the first
year. This could
easily be your
best investment
year ever.

The Complete Investor Calls the Bottom!
“We would buy these stocks to take
full advantage of what is likely to be
a very dramatic swing.”
Today the market has recovered to
over 11,500—up 58% in one year

October 2005—Gold Price at $784
an ounce
“Today gold makes compelling
sense for investors of all types”
Today gold trades over $1300 an
ounce—Up 72%

But protecting wealth may be more 
important than picking winners. Don’t
you wish that you read Dr Leeb’s book,
The Coming Economic Collapse that he

wrote 2 years before the 2008 crash.

Will You Make the Right Ones?

Annual subscription to The Complete
Investor $99 —introductory only $39

ORDER NOW
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Please mention promotional code CIN131-02
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Dry ice suggests recently wet Mars
Frozen carbon dioxide could thicken Red Planet’s atmosphere

By Ron Cowen 

A newfound reservoir of dry ice on Mars 
suggests that the planet’s surface has been 
wetter in the relatively recent past, though 
not necessarily warmer than today.

The new study adds to evidence that 
Mars once had a carbon dioxide atmo-
sphere thick enough to keep liquid 
water on the surface from evaporating. 
It’s unclear whether the planet would 
have been hospitable for life, however, 

because temperatures on Mars may 
actually have been slightly colder dur-
ing times when the atmosphere had a 
greater amount of carbon dioxide.

Roger Phillips of the Southwest 
Research Institute in Boulder, Colo., 
and his colleagues base their findings 
on radar studies by the Mars Reconnais-
sance Orbiter of the layered deposits at 
Mars’ south polar cap. Earlier studies 
had indicated that a veneer of frozen car-
bon dioxide sits atop part of the cap with 
a thin layer of water ice beneath it. But a 
detailed analysis of radar reflected from 
different layers of the cap reveals that 
beneath the frozen water lies a volume of 
carbon dioxide ice 30 times greater than 
previously estimated, the team reports 
online April 21 in Science.

This unexpected reservoir of dry ice is 
intriguing, Phillips says, because about 
every 100,000 years Mars is known to 
dramatically tilt its spin axis. During 
these periods of high polar tilt, enough 

sunlight falls on the poles to vaporize 
the frozen carbon dioxide and release it 
into the atmosphere, roughly doubling 
the atmospheric pressure on the Red 
Planet. With a denser atmosphere, liquid 
water could persist on the surface rather 
than evaporating, and might account for 
some of the features on Mars that appear 
to have been carved by water, such as 
channels and gullies, Phillips says.

Although the newly found reservoir 
could nearly double the mass of carbon 
dioxide in Mars’ atmosphere, the result-
ing climate alterations would be “mod-
est” and would not generate a warmer, 
wetter Mars, notes Peter Thomas of 
Cornell University in a commentary also 
published online April 21 in Science.

Phillips concurs and notes that during 
times of high tilt, more carbon dioxide 
frost would settle on the planet’s surface. 
The reflectivity of the frost, along with 
other effects, would offset any green-
house warming from the extra gas in the 
atmosphere and would tend to maintain 
the chilly temperatures now typical.

Warmer conditions would require 
a much thicker carbon dioxide atmo-
sphere supplied by an additional source 
of the compound, such as carbonates in 
Martian rocks, says Thomas. The abun-
dance of carbonates in the rocks is still 
under exploration. s

in the news

 Atom & Cosmos For more Atom & Cosmos stories, 
visit www.sciencenews.org

Former planet 
may have a tail
Pluto appears to trail a wispy 
cloud of carbon monoxide

By Ron Cowen 

Just like Mickey’s dog, the former planet 
Pluto has a tail — or at least a hint of one. 

Scientists have detected a wisp of 
carbon monoxide in Pluto’s thin upper 
atmosphere, extending a quarter of the 
way to its largest moon, Charon, or about 
3,400 kilometers above Pluto’s surface. 

The thickness of a newfound reservoir 
of frozen carbon dioxide at Mars’ south 
polar cap varies from a few meters 
(blue) to more than 500 meters (red).

To the astronomers who detected it with 
the James Clerk Maxwell Telescope  
on Hawaii’s Mauna Kea, the cloud 
appears to have properties resembling 
a comet’s gas tail.

“Whether Pluto’s atmosphere forms 
a tail is just a suggestion on our part,” 
says Jane Greaves of the University of 
St. Andrews in Scotland.

The gas is too thin to image directly. But 
a tiny shift in the wavelength of micro-
waves emitted by the carbon monoxide 
hints that the gas is receding from Earth 
and the sun, with ions and some neutral 
atoms in the gas swept up by the solar 
wind — just as a comet’s gas tail would be. 

Planetary scientist Mike Brown of 
Caltech says that a future array of radio 
telescopes called ALMA will be able 
to detect and precisely measure the  
carbon monoxide emission.

Greaves and her colleagues report in 
the May Monthly Notices of the Royal 
Astronomical Society: Letters that the 
emission is brighter than a tentative 
detection made by another group 11 years 
ago, indicating that the amount of gas  
in Pluto’s upper atmosphere has 
increased since then.

“Pluto’s atmosphere continues to 
change and continues to be different 
from what we expect,” says Brown. 
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Half-asleep rats 
look wide awake
Parts of brain can doze off 
even in an active animal

Armadillos may transmit leprosy
Same strain shows up in patients and animals in Deep South

By Tina Hesman Saey 

Some parts of a rat’s brain can fall asleep 
even while the animal seems fully awake.

Researchers at the University of Wis-
consin–Madison and colleagues in Italy 
kept rats up four hours later than usual. 
Even though the rats stayed awake, elec-
trodes implanted in their brains showed 
that some brain cells went to sleep while 
neighboring ones remained active, the 
team reports in the April 28 Nature.

The rats were also prone to making 
mistakes during slightly difficult tasks, 
a finding that may have implications for 
sleep-deprived people.

As far as neuroscientist Giulio Tononi 
and his team could tell, the rats were 
fully awake and playing with objects 
that the team had supplied to keep the 
animals up past their bedtimes. Only 
electrodes implanted in two parts of 

By Nathan Seppa 

People infected with leprosy in the 
United States often have the same pre-
viously unknown strain of the microbe 
Mycobacterium leprae that is also carried 
by armadillos. Though it has been known 
for decades that armadillos can harbor 
leprosy, also called Hansen’s disease, 
the discovery of the overlapping strain 
strengthens the long-held assumption 
that armadillos can infect people directly.  

Researchers report in the April 28 
New England Journal of Medicine that 
many infected people in the Deep South 
contracted leprosy while close to home, 
not in some exotic locale where the dis-
ease is more common. The only possible 
infectious agents would be a person or an 
armadillo, the only other animal known 
to harbor leprosy. Some of the infected 
people had even handled armadillos.

The findings all point to animal-to-per-
son spread. “It’s still not a smoking gun, 
but it’s getting awfully close,” says James 
Loughry, a zoologist and armadillo expert 
at Valdosta State University in Georgia 
who wasn’t involved in this research. “It’s 
hard to imagine that it’s not being trans-
mitted from armadillos to humans.”

Richard Truman, a microbiologist 
at the National Hansen’s Disease Pro
gram and Louisiana State University in 
Baton Rouge, and his colleagues com-
pared bacterial samples from 50 patients 
in Louisiana and from 33 infected wild 
armadillos from five Southern states. 
A highly specific strain of the bacte-
rium showed up in 28 of the 33 animals 
and in 22 of 29 patients who had never 
lived outside the United States and 
Mexico. Interviews with 15 of the leprosy 
patients further revealed that eight had 
had direct contact with armadillos.

Loughry says 6 to 10 percent of arma-
dillos he has tested in Mississippi and 
Alabama have leprosy. Other studies put 

the brain recorded the neuron naps.
But just because the rats weren’t nod-

ding off doesn’t mean their brains were 
working well. The team tested the sleep-
deprived rats’ ability to reach through a 
plexiglass wall and grasp a sugar cube. 
The task involves some coordinated 
moves, such as rotating the wrist, that 
aren’t part of a rat’s normal repertoire, 
so if the animals’ brains aren’t firing on 
all cylinders, the grab could fail.

When brain cells fell asleep in the 
motor cortex — a part of the brain that 
controls movement — rats failed in 
attempts to grab the sugar cubes for sev-
eral hundred milliseconds afterward. But 
sleeping neurons in the parietal cortex, 
which is not involved in the task, did not 
lead to mistakes. 

If the finding applies to people, it could 
mean that lost sleep is even more dan-
gerous than previously believed, leading 
to slips of the tongue, driving mistakes, 
errors of judgment or other problems.

“So many humans are walking around 
with a sleep debt,” says Christopher 
Colwell, a neuroscientist at UCLA. “This 
is probably part of the everyday situation 
for a lot of people.” 

the rate as high as 20 percent in the wild.
The nine-banded armadillo is the only 

armadillo found in the United States. 
There are many kinds of armadillos in 

Estimated human 
population density of 
Walker County, Texas

Estimated armadillo 
population density of 
Walker County, Texas

79
per square mile

256
per square mile

Body & Brain

Armadillos with leprosy harbor a rare 
bacterial strain that also infects people.

Latin America, but it is not known if the 
other types contract leprosy.

Since John James Audubon and John 
Bachman recorded in the 1840s that 
armadillos lived in southern Texas, 
mainly near the lower Rio Grande, nine-
banded armadillos have expanded their 
range to much of the Deep South and 
northward to the southern tip of Illinois.

Leprosy remains very rare in the 
United States, with about 150 new cases 
each year, says James Krahenbuhl, 
director of the National Hansen’s Dis-
ease Program. “Public education can 
actually decrease disease risk by limiting 
contacts [with armadillos] and increas-
ing awareness among physicians in these 
locations,” he says. The disease is cur-
able but can require more than a year of  
antibiotics. 
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Eyespot deficits 
stymie peacocks
Females appear to require a 
minimum number of flecks

By Susan Milius

The tale of how the peacock got his eye-
spots has taken a new turn.

His shimmering train of feathers tipped 
with eye-shaped spots ranks among the 
most cited examples of what Darwin 
called sexual selection. In this singles bar 
approach to evolution, flashy plumage and 
other ornaments arise not because they 
enhance survival of the fittest but because 
they favor reproduction of the sexiest.

Basic principles aren’t in doubt for the 
peacock exemplar. Yet “everybody uses 
it without knowing much about how it 
works,” says Roslyn Dakin of Queen’s 
University in Kingston, Canada.

She found that a train with especially 
high numbers of eyespots did not seem 
to improve a male’s chances of dazzling a 
female into mating — but having too few 
spots was definitely a hindrance.

That flies in the face of classic experi-
ments on peacock courtship, Dakin and 

Robert Montgomerie, also of Queen’s, 
acknowledge in an upcoming Animal 
Behaviour. But they also report addi-
tional work suggesting a new explana-
tion for why peahens sometimes don’t 
appear to care about eyespot number.

Eyespots seemed a good predictor of a 
male’s chances of success in past studies 
of peafowl in England. A female cruis-
ing among males routinely picked the 
one who showed her the most eyespots, 
says pioneer of peacock science Marion 
Petrie of Newcastle University in 
England. Snipping 20 feather tips out of 
males’ trains lowered courtship success.

But feathers ruffled in 2008, when 
Japanese researchers studying feral 
peacocks reported finding no courtship 
advantage for eyespot number in seven 
years of data.

Dakin and Montgomerie have now 
studied the issue in two peafowl popu-
lations in Canada and one in the United 
States. Dakin repeated part of Petrie’s 
eyespot-snipping experiment. As pre-
dicted, males deprived of 20 of their 
eyespots — leaving fewer than 138 in the 
displays — managed to mate fewer times 
overall than fully eyespotted males.

When Dakin and Montgomerie 
pooled their eyespot data with other 

published reports, eyespot effects didn’t 
show up among 102 peacocks for the top 
75 percent of trains ranked by spot num-
ber. Yet the most eyespot-challenged 
birds, flashing spot numbers only in the 
120s and 130s, rarely had any mating 
success at all. “It certainly looks like a 
threshold,” Dakin says.

The threshold idea makes sense at first 
glance, says Adeline Loyau, a peacock 
researcher at the CNRS research station 
in Moulis, France. The struggle to under-
stand the long-familiar peacock, she adds, 
“suggests that we are still far from unrav-
eling the mechanisms of mate choice.” s

in the news

 Life For longer versions of these and other  
Life stories, visit www.sciencenews.org

By Rachel Ehrenberg

Inspired by a caterpillar that 
makes like a wheel and rolls 
away from predators, research-
ers have created a robot that 
curls itself into a loop and peels 
out at speeds faster than a half 
meter per second.

Called GoQBot, the 10-centimeter-
long robot has a hammer-shaped head 
and a silicone body embedded with metal 
coils. The coils contract, musclelike, when 
pulsed with current, and within 200 

Robot cartwheels like a caterpillar
GoQBot curls itself up into a ball, then takes off spinning

milliseconds the crawling bot becomes a 
wheel and rolls off at impressive speeds.

“Once you get into a ball and rolling, 
you get dramatic increases in speed,” 
says Satyandra Gupta, director of the 

Maryland Robotics Center at the Uni-
versity of Maryland in College Park. 
“This is an exciting development.”

Robots like GoQBot may someday aid 
in search and rescue operations that 
require both crawling through tight, 
dangerous spaces and moving across flat 
ground, says Huai-Ti Lin, who created 
GoQBot as a graduate student at Tufts 
University in Medford, Mass.

Described in the June Bioinspiration 
and Biomimetics, GoQBot was designed 
to help researchers better understand the 
“ballistic rolling” that certain caterpillars 
display when frightened.

“You poke the animal and you don’t 
know where it’s gone,” says Lin, now at 
Harvard University. “It’s wicked fast.” 

GoQBot can curl itself into a wheel and roll 
along at high speed (right to left) like some 
caterpillars do to escape predators.

Having a lot of eyespots isn’t neces-
sarily important to a peacock’s mating 
success, but having too few virtually 
guarantees bachelorhood.
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Great Dane minds don’t think alike 
Female and male dogs react differently to unexpected sights

Teamwork keeps 
fire ants floating
Research shows how whole 
colonies build rafts to safety

By Laura Sanders

Female dogs might have a leg up on 
males when it comes to detecting the 
unexpected. In an experiment designed 
to mess with their furry heads, Fidos 
appeared oblivious to a surprising out-
come while Fidettes took note.

The results, published online April 
27 in Biology Letters, highlight that, like 
humans, animals display sex differences 
in how the brain works.

In the study, researchers led by Corsin 
Müller of the University of Vienna tested 
50 pet dogs, including poodles, Austra-
lian shepherds, golden retrievers and 
mutts. The team designed an experiment 
to test whether the dogs would notice a 
ball that inexplicably grew or shrank. In 
some trials, for instance, a tennis ball 

By Daniel Strain

Fire ants know how to survive a flood: 
They turn their bodies into life rafts.

A new study explores the physics that 
keeps waterborne colonies of fire ants, 
sometimes containing tens of thousands 
of bugs, afloat. Linked together, the ants 
form a watertight seal that keeps them 
from drowning, engineers from the Geor-
gia Institute of Technology in Atlanta 
report online April 25 in the Proceedings 
of the National Academy of Sciences.

Fire ants (Solenopsis invicta), an inva-
sive species around much of the globe, 
are ready for disaster. When their Brazil-
ian homes flood, entire colonies take to 
the waves. “They have to stay together as 

would roll behind a screen, and after a 
short wait, a larger ball would appear on 
the other side. (Human babies begin to 
detect this violation of how the world 
works during the first year of life.)

When the ball was a different size after 
emerging from the screen, female dogs 
stared at it longer than they did when 
a ball of the expected size appeared, an 
indication to Müller and colleagues that 
the females had noticed something amiss. 
In contrast, male dogs looked at the sur-
prising ball and the ball of the expected 
size for similar amounts of time.

Though the researchers weren’t expect-
ing to find a sex difference, the results 
aren’t too surprising, says Müller. “For 
humans, there is plenty of evidence for 
all kinds of differences between men and 
women in cognitive processes,” he says.

a colony to survive,” says study coauthor 
Nathan Mlot of Georgia Tech. Their dou-
ble-decked rafts — about half the ants 
float on the bottom hold-
ing the rest up — can bob 
along for weeks.

The ants’ seafaring 
success comes down to 
both small and big prop-
erties. On the small scale, 
single ants can float, at 
least to a degree, similar 
to a pin or a water-strid-
ing insect. When wet, 
fire ants can also capture 
tiny air bubbles, probably 
thanks to the thin layers 
of hair covering their 
bodies, giving these intrepid mariners 
additional buoyancy. On the large scale, 
ants weave together so tightly by biting 
onto their neighbors’ legs that water can’t 
sneak through the cracks.

And the rafts are flexible enough to 
withstand some jostling. Mlot and his 

in the news

 

So far, the researchers can’t tell if male 
dogs really don’t perceive the difference, 
or do detect it but don’t care, Müller says.

Whether a dog had been neutered 
didn’t seem to make a difference in the 
experiment, suggesting that the brain 
differences behind the effect were estab-
lished early in the dogs’ development 
and were not a result of sex hormones 
circulating in adult dogs at the time of 
the test.

Researchers don’t know why this sex 
difference exists. Müller and his col-
leagues don’t think strong evolutionary 
pressure on a dog ancestor has a role.

But neuroscientist Timothy Koscik 
of the University of Iowa points out that 
females need to effectively nurture off-
spring, and that might have provided 
strong pressure to set up this behav-
ioral difference. “If you’re going to draw 
any line between males and females,” he 
says, “that’s probably the most obvious 
and most meaningful one to draw.” 

colleagues filmed the emergency raft 
construction by dropping up to 7,000 ants 
into water. No matter how many bugs 

clung to the rafts, these 
structures adopted the 
same 8-millimeter-thick 
“pancake” shape. When 
the team plucked ants 
off the top, others from 
the bottom crawled up.

“Each ant is operating 
on a few simple rules of 
engagement,” Mlot says.

With these simple 
rules, ants have been 
able to build extraor-
dinary structures, says 
Eric Klavins, a computer 

scientist at the University of Washington 
in Seattle. By studying how ants interact, 
engineers may be able to design robots 
that run on smaller processors and can 
work in concert to build things like 
emergency bridges.

“Man,” Klavins says, “ants are cool.” 

Groups of fire ants keep 
afloat with cooperation  

and some basic physics.

“Man, ants are cool.” — Eric Klavins
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Grand Canyon’s high surroundings 
may be product of continental lift
‘Drip’ deep within Earth possibly buoyed Colorado Plateau

By Alexandra Witze

For all its glorious views, the Colorado 
Plateau remains an ugly mystery to geol-
ogists. They can’t figure out why and how 
it rose thousands of feet over the mil-
lions of years it took to carve spectacular 
natural wonders like the Grand Canyon 
and Monument Valley.

The answer may lie deep beneath the 
plateau’s chiseled landscape, a study in 
the April 28 Nature suggests. Hot rock 
welling up from below invades the pla-
teau, causing blobs to drip off the bottom.

“It looks kind of like a lava lamp,” says 
the study’s leader, Alan Levander of Rice 
University in Houston.

Geologists have wondered about the 
high plateau’s origin ever since early 
explorers stood on the edge of the 
Grand Canyon and peered down at the 
Colorado River through 1,500 meters of 
layer-cake rock.

The geologic province roughly covers 
the Four Corners area where Utah, Col-
orado, New Mexico and Arizona come 
together. About 2 kilometers above sea 
level, the plateau behaves as a single, 
mostly undisturbed chunk of crust even 
as tectonic forces crumple the land-
scapes on either side.

To the east, the Rocky Mountains 
thrust toward the sky; to the west, the 
Basin and Range province wrinkles in 
long ridges of mountains and valleys. 
But something, mysteriously, has kept 
the Colorado Plateau high and intact.

Most theories focus on the upper-
most layers of the Earth’s innards: the 

crust; the “lithospheric mantle” below 
that, which moves with the crust as a 
relatively hard outer shell about 150 
kilometers thick; and even deeper, the 
“asthenosphere,” which flows like a fluid.

Levander’s team probed these hidden 
realms by studying how seismic waves 
travel through the Earth. The data come 
from the USArray project, in which geolo-
gists blanket the continent with a dense 
north-to-south band of seismometers 
periodically moved from west to east.

By studying the waves’ progress, 
the scientists spotted a weird feature 
sloughing about 200 kilometers down, 
just north of the Grand Canyon. This 
blob, they say, is part of the crust and 
lithospheric mantle that peeled off to 
founder in the planet’s depths.

Blame the asthenosphere. When it 
rises from below, this less-dense layer 
infiltrates the stiffer crust above and then  

freezes, weakening the lithosphere and 
eventually chiseling chunks of rock away. 
Over time, more blobs fall off, lightening 
the plateau and allowing it to rise upward 
like a floating cork.

Geologists have previously spotted 
other places where blobs might once have 
dripped, Levander says, such as along the 
Idaho-Oregon border. But in the Colo-
rado Plateau, he says, “it looks as if we’ve 
caught one of these as it happened.”

Though the plateau drips have proba-
bly been happening for the last 25 million 
years or so, he says, they really took off 
about 6 million years ago — allowing the 
plateau to rise in earnest and ancient riv-
ers to begin to carve the Grand Canyon.

Other researchers have proposed ver-
sions of the drip idea before, but without 
the detailed seismic observations of the 
Earth’s guts.

Some scientists, though, aren’t yet 
convinced. “The tendency is to say we 
have what looks like a drip and therefore 
it is a drip,” says geophysicist Mousumi 
Roy of the University of New Mexico in 
Albuquerque. “We need to be really care-
ful about that interpretation.” Two years 
ago, Roy and her colleagues described 
an alternate theory to explain plateau 
uplift, in which the lithosphere warmed 
but did not drip.

In particular, she says, the new work 
assumes that rock infiltrating from 
below would make the lithosphere more 
dense by rearranging atoms such as iron 
into minerals with less space between 
the atoms. But this “refertilization” pro-
cess is messier in real life than in theory, 
Roy argues. The chemical changes aren’t 
well understood, she says, and probably 
don’t lead to chunks of lithosphere get-
ting more dense and breaking off.

The drip theory can’t explain all of the 
plateau’s uplift, Levander notes. He and 
his colleagues are now looking for drips 
elsewhere across the country. s

Earth “It looks kind of like a lava lamp.” — alan Levander

The Colorado Plateau may have risen 
through a geological process that peels 
away material from below.
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Lava lamp Partially molten material from 
Earth’s interior (gold) may trigger slabs of crust 
to peel off and “drip” back down (blue), perhaps 
explaining the rise of the Colorado Plateau (top).
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Warming Arctic 
comes unglued
Rising rates of erosion strike 
region’s ice-rich coastlines

By Janet Raloff

Arctic coastlines — a third of the globe’s 
shores — are retreating an average of half 
a meter annually, a 10-nation regional 
assessment concludes. A warming cli-
mate is the apparent cause, according to a 
related Alaskan study that also calculates 
the amount of carbon and other nutrients 
in soil being washed into Arctic waters.

Annual erosion in some spots exceeds  
8 meters, the new State of the Arctic  
Coast Report estimates. That rate is 
higher than anywhere else on Earth — and 
escalating. Scientists had suspected as 
much, but until now had not amassed 

sufficient data for confirmation, says  
Volker Rachold of the International  
Arctic Science Committee in Potsdam, 
Germany, which copublished the new 
report with the Land-Ocean Interactions 
in the Coastal Zone Project, the Arctic 
Council’s Arctic Monitoring and Assess-
ment Programme, and the International 
Permafrost Association.

Arctic coasts are especially vulnerable, 
says Rachold, because here “ice is what 
holds everything together.” So coastal sed-
iments are coming unglued in the region, 
where global warming is exaggerated.

A related analysis, focusing on Alas-
ka’s Beaufort Sea coast, finds that land 
losses now are twice the rate typical of 
the 1950s through 1980. Chien-Lu Ping 
of the Palmer Research Center at the 
University of Alaska Fairbanks and col-
leagues quantified the rates and then, 
for the first time, correlated erosion risk 
with soil type.

On average, Ping says, 70 percent of 
Arctic coastline is ice — sometimes tiny 
crystals, other times blocks meters on a 
side. Ping’s team reports online April 20 
in the Journal of Geophysical Research 
that height above sea level and ice content 
are key predictors of erosion risk.

The most ice-rich soils face “double 
jeopardy” from warming, Ping explains. 
Icier soils initially expand to create 
high bluffs, vulnerable to undercutting 
by warming waters and waves as seas 
are increasingly freed of year-round ice 
cover. As warming air thaws icy patches 
in the region’s permafrost, affected soils 
can sink to sea level or below.

By narrowing its focus to a meters-
long scale in breadth and depth, Ping’s 
group found a strong and convincing link 
between ice content and Arctic coastal 
erosion, says geoscientist Paul Overduin 
of the Alfred Wegener Institute for Polar 
and Marine Research in Potsdam. 

in the news

 
Mean annual coastal 
erosion on Alaska’s 
Beaufort Sea

Mean annual 
coastal erosion on 
East Siberian Sea

1.15
meters

0.87
meters
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Three flavors of 
intestinal bugs
Every gut has a favorite; how 
it chooses remains unclear

By Tina Hesman Saey

There are three types of people, and by 
their bacteria ye shall know them.

A consortium of researchers from 
Europe and Asia examined the DNA pro-
files of bacteria in fecal samples taken 
from 39 people belonging to six different 
nationalities. Each person had a diverse 
group of microbes, but closer analysis 
revealed that the bacteria fall into three 
major types of communities, the research-
ers report online April 20 in Nature.

Each of the newly identified micro-
bial mixes — called enterotypes — is 
named for the dominant type of bacteria 
in the group. People with the Bacteroides 
enterotype have an abundance of  

Bacteroides bacteria and several associ-
ated types, while people with Prevotella 
and Ruminococcus enterotypes have 
more of those bacteria. Ruminococcus 
was the most common of the three types.

The researchers didn’t find 
any correlation between a 
person’s enterotype and age, 
body weight, nationality, geo-
graphic location or diet. “We 
still don’t know what is driving 
these three types,” says Peer 
Bork, a bioinformatician at 
the European Molecular Biol-
ogy Laboratory in Heidelberg,  
Germany. He and his col-
leagues speculate that the different com-
munities may form around key bacteria 
that dispose of excess hydrogen in the 
form of methane or hydrogen sulfide. 
Another possibility is that the first organ-
isms to colonize a person’s intestines may 
determine the community makeup. Or a 
person’s immune system may determine 
which microbes are allowed to settle in.

Although the species mix wasn’t linked 
to any particular human trait, certain 
groups of genes or biochemical functions 
carried out by the bacteria did match up 
with traits. “I can roughly tell you how old 

you are if you give me a stool 
sample,” Bork says. Body mass 
index also correlated with the 
presence of certain microbial 
genes and biological processes.

How bacteria use their genes 
is probably more important 
than which species are pres-
ent, says Jeremy Nicholson 
of Imperial College London. 
“There’s this obsession with 

microbial speciation, which bugs do 
what,” he says, “but what is actually 
important is the capabilities of the 
microbial community as a whole.”

The researchers don’t yet know if a 
person’s enterotype changes over time 
or stays the same throughout life, or if 
certain enterotypes predispose people 
to diseases. 

“I can 
roughly tell 

you how 
old you are 
if you give 
me a stool 
sample.” 

Peer Bork

in the news

 Genes & Cells For longer versions of these and other  
Genes & Cells stories, visit www.sciencenews.org

By Daniel Strain

A famous antidrug ad compares the brain 
on drugs to a frying egg. Now, a study 
gives a broad look at how methamphet-
amine might scramble the entire body.

The new research illustrates the many 
genetic and cellular impacts of meth 
exposure in fruit flies. In addition to 
likely wreaking havoc on muscles and 
sperm, the drug seems to kick a fly’s sugar 
metabolism into overdrive, researchers 
report online April 20 in PLoS ONE.

Though flies and people are very differ-
ent beasts, meth appears to tweak some of 
the same basic biochemical networks in 
both, says Barry Pittendrigh, a coauthor 
of the new report.

Meth batters cells throughout the fly’s 
body. “It’s a really horrible compound,” 

Flies on meth burn through sugar
Effect may explain why addicts often have a sweet tooth

says Pittendrigh, a molecular ento-
mologist at the University of Illinois at 
Urbana-Champaign. The drug seems 
to kick off muscle degradation, disrupt 
sperm production and even speed up the 
aging process in a host of cells.

Studies in mice and humans have doc-
umented the drug’s devastating impacts 
on the heart, fertility and on cell aging. 
The new study also reveals how meth can 
act like a back-alley strangler.

When cells can’t get enough oxygen, 
such as during exercise, they break 
down sugar molecules like a chop shop 
does stolen cars — quickly and mess-
ily. Cells exposed to meth seem to go 
into this same chop shop mode, says 
study coauthor Manfredo Seufferheld, 
also at Urbana-Champaign. Why isn’t 
clear — the drug could somehow be  

cutting cells or parts of cells off from the 
body’s oxygen supply. But meth may also 
switch on a few key genes that persuade 
cells to metabolize sugar as though the 
cells were suffocating even when oxygen 
is plentiful. Either way, such inefficient 
sugar crunching could leave cells with 
an insatiable appetite for carbohydrates.

This change in sugar metabolism may 
help explain why speed addicts develop a 
pronounced sweet tooth. “They consume 
absolutely every gram of sugar that they 
have available,” Seufferheld says. Feed-
ing that sweet tooth may slow meth’s 
ravages, he suggests. Drug-addicted flies 
with extra sugar in their diets survived 
longer than their sugar-deprived com-
patriots, the team discovered.

“One tends to think of methamphet-
amine as being a drug of abuse largely 
for fairly advanced organisms,” says  
Desmond Smith, a geneticist at UCLA. 
“It was quite nifty to try and look at 
what’s happening in the humble fly.” 
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Chemicals linked 
to kids’ lower IQs
Studies identify effects from 
pesticides still used on farms

Ozone loss makes subtropics rainier
Antarctic hole changes weather patterns almost to equator

By Janet Raloff 

Children exposed in utero to substan-
tial levels of neurotoxic pesticides have 
somewhat lower IQs by the time they 
enter school than do kids with virtually 
no exposure, three studies find.

The researchers screened women 
for exposure to organophosphate com-
pounds such as chlorpyrifos, diazinon 
and malathion. These bug killers, which 
can cross the human placenta, work by 
inhibiting brain-signaling compounds. 
Although the pesticides’ residential use 
was phased out in 2000, spraying on 
farm fields remains legal.

All three studies began in the late 
1990s and followed children through 
age 7. In more than 300 low-income 
Mexican-American families, exposures 
came mostly from farmwork, research-
ers from the University of California, 
Berkeley and their colleagues report. 
In two comparably sized New York City 
populations, exposures probably traced 
to bug spraying of homes or eating 
treated produce.

Among the California families, the 
average IQ for the 20 percent of children 
with the highest prenatal organophos-
phate exposure was seven points lower 
compared with the least-exposed group.

A Columbia University study followed 
low-income black and Hispanic mothers. 
Each additional 4.6 picograms of chlor-
pyrifos per gram of blood in a woman 
during pregnancy correlated with a drop 
of 1.4 percent in her youngster’s IQ and 
2.8 percent in a measure of the child’s 
working memory.

A more diverse group of New York City 
families recruited by the Mount Sinai 
School of Medicine points to genetics as a 
major determinant of risk. Children who 

By Alexandra Witze 

From high above the South Pole, Earth’s 
ozone hole can affect rainfall as far away 
as the tropics, scientists have found.

Thinning ozone pulls weather 
patterns southward in the Southern 
Hemisphere, bringing more rain to a 
band that includes eastern Australia 
and the southwestern Indian Ocean, 
researchers report online April 
21 in Science.

Previous studies have 
shown how annual ozone 
thinning affects polar 
weather by cooling the 
u p p e r  a t m o s p h e r e . 
Sarah Kang, a postdoc-
toral fellow at Columbia 
University’s engineering 
school in New York City, 
and her colleagues wanted to 
see if these changes stretch 
toward the equator.

The scientists used 
computer simulations to 

showed the biggest cognitive impacts 
tended to have mothers carrying a gene 
variant for a slow-acting version of the 
enzyme that breaks down organophos-
phates. This variant is present in roughly 
one-third of all Americans, says study 
leader Stephanie Engel, now at the Uni-
versity of North Carolina at Chapel Hill.

All three studies appear online April 
21 in Environmental Health Perspectives.

“There was an amazing degree of con-
sistency in the findings across all three 
studies,” notes Bruce Lanphear of Simon 

model how climate would behave with 
and without the ozone hole, then com-
pared those findings with observations 
of rainfall from 1979 to 2000. The mod-
els with the ozone hole best matched the 
rainfall record for that period, which saw 
lots of precipitation between about 15° 
and 35° S latitude.

The shift happens, Kang says, 
because ozone loss causes a westerly 

atmospheric jet to move further 
south, which pulls a mid-

latitude band of dry air 
south. The region near 

the equator, in turn, 
gets wetter.

T h e  1 9 8 9  M o n -
treal Protocol banned 

many ozone-destroying 
chemicals, and scientists 

expect the hole to recover by 
midcentury. But rising levels  

of greenhouse gases also 
push atmospheric jets 

southward, so global 
warming may counter-
act any changes from 
the healing ozone hole, 
says Nathan Gillett of 

Environment Canada’s 
climate modeling center 

in Victoria. 

Environment
Fraser University in Vancouver. That’s 
concerning, he says, because a drop of 
seven IQ points “is a big deal. In fact, 
half of seven IQ points would be a big 
deal, especially when you see this across 
a population.”

Each IQ -point drop will add up to 
extra costs in lost earnings over an 
individual’s lifetime, he says — and 
even, potentially, to higher education 
and other costs to deal with behavioral 
and learning problems that may occur 
during childhood. 

Before the ozone hole

Dry subtropics

 Westerly jet

 Equator

With the ozone hole

Dry subtropics

 Westerly jet

 Equator

 Increased precipitation

Ozone hole

By pulling atmospheric 
circulation patterns pole-
ward, the Antarctic ozone 
hole has brought more rain-
fall south of the equator.

Before the ozone hole

Dry subtropics

 Westerly jet

 Equator

With the ozone hole

Dry subtropics

 Westerly jet

 Equator

 Increased precipitation

Ozone hole

For longer versions of these and other 
Environment stories, visit www.sciencenews.org
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Bad multitaskers blind to surprises
Study explains why some just can’t see the gorilla in the room

Neandertals had 
right-hand bias
Fossil tooth evidence could 
be a sign of language ability

By Bruce Bower 

People who don’t notice unexpected hap-
penings while concentrating on a task 
often have diffi culty with what amounts 
to mental multitasking, a team led by 
psychology graduate student Janelle 
Seegmiller of the University of Utah 
reports in the May Journal of Experi-
mental Psychology: Learning, Memory 
and Cognition.

Previous studies of this effect have 
instructed participants to count the 
number of times people in a video pass 
a basketball to one another. Nearly half 
of the viewers don’t notice a person in 
a gorilla suit walking among the play-
ers, pausing for a few chest thumps and 
then departing.

By Bruce Bower 

Right-handedness reaches back a half 
million years in the human evolution-
ary family, at least if scratched-up fossil 
teeth have anything to say about it.

Stone-tool scratches on the teeth of 
most Neandertals and their presumed 
European ancestors occur at angles 
denoting right-handedness, say anthro-
pologist David Frayer of the University of 
Kansas in Lawrence and his colleagues. 
Scientists have linked prevalent right-
handedness in human populations to a 
left brain hemisphere that controls right-
sided body movements and functions 
crucial to language. So given the new 
tooth evidence, populations of largely 
right-handed Neandertals and their 

Why people counting passes some-
times overlook a wandering ape is poorly 
understood. Explaining this effect is no 
laughing matter, though, since it corre-
sponds to real-life attention mishaps, 
such as drivers gabbing on cell phones 
who fail to see pedestrians in crosswalks 
or red lights at intersections.

A fl air for allocating  attention to dif-
ferent objects simultaneously may help  
fl ush out intrusive gorillas, but everyone 
overlooks unexpected events on occasion, 
says psychologist Daniel Simons of the 
University of Illinois at Urbana-Cham-
paign. “We all have limits on our attention 
capacity,” says Simons, who codirected 
the 1999 study that documented the 
invisible gorilla phenomenon.

Seegmiller’s group first tested the 

predecessors must have pos-
sessed a gift for gab, Frayer’s 
team proposes online April 
14 in Laterality.

Humanlike inner ear 
fossils also show that 
Neandertals’ ancestors 
could hear all the sounds 
employed in modern 
tongues, Frayer asserts.

Other researchers 
contend that, based on 
vocal-tract reconstruc-
tions informed by skull 
and upper-body fossils, 
Neandertals were physically incapable of 
articulating some modern speech sounds. 
In these scientists’ view, language as spo-
ken today originated in Homo sapiens
sometime after 200,000 years ago.

Frayer’s fi ndings coincide with previ-
ous reports of right-handed sharpening 
patterns on 120,000-year-old Neandertal 
stone tools (SN: 11/21/09, p. 24), says 
archaeologist Natalie Uomini of the 
University of Liverpool in England.

Humans
ability of 197 college students, ages 18 
to 35, to solve simple math problems 
and remember individual letters that 
followed each problem. After complet-
ing sets of problems, the students tried 
to recall, in order, the letters they had 
seen.

Participants correctly answered most 
math problems, which showed that they 
did not focus just on remembering letters.

Students then watched a gorilla video, 
in which two teams with three players 
each passed basketballs. One team wore 
black outfi ts and the other white. Partici-
pants simultaneously counted the black 
team’s bounce and aerial passes.

Overall, 58 percent of the students 
noticed the gorilla while counting 
passes. Importantly, 67 percent of those 
who remembered letters especially well 
after solving math problems spotted the 
gorilla, versus 36 percent of those with 
the poorest letter memory. 

Frayer’s team used a 
method developed by pale-
ontologists who excavated 
500,000-year-old fossils of 
Neandertal ancestors in 
Spain. The Spanish team 
found that when using a 
stone tool to cut a piece 
of meat by biting down 

on one end and hold-
ing the other end taut, 
right-handers make acci-
dental scratches that 
angle in a consistent 
direction. Left-handers 

make scratches going the other way.
Front teeth from 17 European Nean-

dertals that lived between 130,000 and 
30,000 years ago revealed scratches con-
sistent with right-handedness in 15 cases 
and left-handedness in two cases. Com-
parable scratch data from 12 Neandertal 
ancestors, previously obtained by Marina 
Lozano of Universitat Rovira i Virgili 
in Spain and her colleagues, denoted
right-handedness in each individual. 

predecessors must have pos-
sessed a gift for gab, Frayer’s 
team proposes online April 

Humanlike inner ear 

Frayer’s team used a 
method developed by pale-
ontologists who excavated 
500,000-year-old fossils of 

Stone-tool marks consis-
tent with right-handedness 
appear on a 30,000-year-

old Neandertal tooth.

1 mm
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 “We all have limits on our attention capacity.” — DANIEL SIMONS
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The Holy Bible In Its Original Order is 
an extraordinary Bible—unique in two 
ways. First, it is the only complete 
Bible ever published—with both Old 
and New Testaments—that accu-
rately follows the original canonical 
or manuscript order as recognized by 
most scholars. In addition, once the 
original order of the 49 biblical books 
has been restored, the Seven Divisions 
of the Bible are also re-established.
The Old Testament contains: 1) The 
Law, 2) The Prophets, and 3) The 
Writings. The New Testament contains: 
4) The Gospels and Acts, 5) The Gen-
eral Epistles, 6) The Epistles of Paul, 
and 7) The Book of Revelation. With 
this restoration to the first-century 
‘manuscript’ order, a purposeful design, 
symmetry and story flow order of the 
Bible become more readily apparent.
 It is a little-known historical fact 
that the original manuscript order of 
both the Old and New Testament 
books was altered by early church 
fathers. The Holy Bible In Its Original 

 Second, this version is a new 
translation—an accurate version—
that reflects the true meaning of the 
original Hebrew and Greek with fi-
delity and accuracy, showing the unity 
of Scripture between the Old and 
New Testaments. Today, in the face 
of rampant religious confusion, those 
who read and study the English Bible 
deserve a quality translation that can 
be trusted. Reviewer Lee Sparks, 
writing in REV magazine, notes this 
Bible’s “decidedly conservative the-
ology, which represents the beliefs of 
a great number of Christians.” 
 This new Original Order Version 
uses modern English but retains 
the original grace, accuracy and 
grandeur of the King James Version 
and eliminates archaic terms from 
the Middle Ages such as thee, thou, 
ghost, hath and shalt. 
 Included are vital commentaries 
providing accurate accounts of the 
history, canonization and preserva-
tion of the books of the Bible: Who 

fied? How long was He in the tomb? 
When was He resurrected? What 
does it mean to be born again? What 
are works of law? What are the true 
teachings of the early apostolic New 
Testament Church that Jesus founded? 
Also, biblical and historical chronol-
ogies show an accurate timeline from 
the creation of Adam and Eve to the 
present. There are detailed footnotes 
and marginal references explain-
ing hard-to-understand passages of 
Scripture.
 With 1,432 pages, The Holy Bible 
In Its Original Order is only 1-3/8 
inches thick—and measures 8-1/4 by 
10-1/2 inches. The genuine hand-
crafted lambskin cover features gold 
stamped lettering. The paper is high-
quality French Bible paper with gilded 
edges. The pages are easy to turn and 

do not stick together. The Bible 
also features wide margins for 
note-taking, and a center column 
with selected references, word def-
initions and alternate renderings 
for various key words. It comes in 
a highly durable presentation box, 
beautifully adorned with original 
artwork. 
Other Features: 
•	 Triple–bound	for	extra–long 
		 life	(Smythe–stitched,		 	
	 spine–stitched	and	glued)
• Beautiful original artwork
 of the Temple in Jesus’ time
•	 14	commentary	chapters
•		 Six	chronologies
•	 25	appendices
•		 Various	maps

To order call
1-800-852-8346

or mail coupon to
CenturyOne Books

111 South Orange Grove Blvd. Suite 300-SN
Pasadena, CA 91105

Preview Online: www.OriginalBibleRestored.com
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International Society of Bible Collectors:  
“EXCELLENT TRANSLATION – HIGHLY RECOMMEND” 

This new second edition of the Original Order
Bible is now available in 2 styles:

•	 Special	Limited	Deluxe	Lambskin
	 Edition	with	Custom	Presentation	
	 Box	(pictured)	$119.50

•	 Faux	Black	Calfskin	Edition	with
	 Custom	Presentation	Box	$99.50

Order includes commentaries that trace 
precisely how the Bible erroneously 
came to be in its present 66-book  
format—revealing how and why its 
books were mysteriously repositioned 
from their original order by fourth-
century “editors.”

wrote them? When were they written? 
When were they canonized and by 
whom? Other commentaries and 
appendices answer critical questions 
such as: When was Jesus born? How 
did Jesus Christ fulfill the Law and 
the Prophets? When was Jesus cruci-
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Tracking the brain during 
general anesthesia

By Susan Gaidos

Scientists find clues to how 
anesthesia numbs the brain
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Emery Brown knows how to take 
the sting out of surgery. As an 
anesthesiologist, he has steered 
hundreds of patients to pain-free 

oblivion, allowing doctors to go about 
their business resetting bones, repairing 
heart valves or removing tumors. Dur-
ing surgery he continually monitors his 
patients, keeping tabs on their heart rate, 
blood pressure and breathing. Recently, 
he has also been eyeing what happens in 
their brains. 

Rather than going under the knife, 
some of the people in Brown’s care are 

going into scanners to reveal how the 
brain responds when people are knocked 
out. These deep glimpses could answer 
vexing questions about how people enter 
the state of unconsciousness known as 
general anesthesia and what happens in 
the brain while they are there.

Although it is widely used and remark-
ably effective, anesthesia’s neural  
mechanisms have long remained mostly 
mysterious. While every anesthetic drug 
has its own effect, scientists know little 
about how the various versions work 
on the brain to transport patients from 

normal waking awareness to dreamless 
nothingness. 

Understanding how such compounds 
meddle with the nervous system might 
lead to anesthetics capable of tweaking 
neural circuits more precisely, deliv-
ering only what is needed where it’s 
needed, says Brown, of Massachusetts 
General Hospital in Boston. Fine-tuning 
the drugs’ effects could also help doctors 
bring patients into and out of conscious-
ness more quickly and safely, avoiding 
the side effects that can occur when 
medications act at brain sites other than 
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While such measurements give anes-
thesiologists a rough way to gauge how 
much anesthetic is needed — preventing 
too much or too little — the devices can’t 
always tell whether or not a patient retains 
any sensory awareness. Anesthesiolo-
gist George Mashour of the University of 
Michigan in Ann Arbor says that doctors 
still don’t have a monitor that can reliably 
detect consciousness in a paralyzed and 
otherwise unresponsive patient. 

“The reality is, there is no standard 
device or monitor for the brain during 
surgery,” Mashour says. “Which is pretty 
interesting if you consider the fact that 
the brain is one of the main target organs 
of general anesthesia.”

Lights out
One of the difficulties in learning how 
the brain suspends consciousness is 
the way in which general anesthesia  
is induced, Brown says. Drug mixtures 
are administered first intravenously 
and then by inhalation, sending multi-
ple drugs throughout every part of the 
brain and nervous system within sec-
onds. Because the drugs go everywhere, 
it has been difficult to discern which cir-
cuits need to be hit for a person to reach 
a surgery-ready state.

But a picture is beginning to emerge. 
Using PET (positron emission tomog-
raphy) and functional MRI scanners,  
scientists can actually image brain activ-
ity when people go under. Though such 
techniques can’t be used during surgery, 

those intended or act at targeted sites for 
too long a time. 

That may be reassuring to the more 
than 20 million patients who are put 
under general anesthesia each year in 
the United States. Though new drugs 
and procedures have made anesthesia 
safer and more comfortable, patients still 
may experience nausea, abnormal heart 
rhythms or fogginess after surgery. In 
extremely rare cases more serious effects 
such as brain injury or death can result.

“We’ve made a lot of progress in 
anesthesiology as far as taking care of 
patients,” Brown says. “But it’ll be much 
more reassuring when we can say to 
them, ‘We have a good idea what’s hap-
pening inside your brain.’ ”

Beyond all that, mapping the path-
ways of neural activity taking the brain 
to this particular type of unconscious-
ness may help scientists understand 
how it compares with sleep and coma, 
which may ultimately lead to new sleep 
medicines or new ways to help patients 
recover after a severe brain injury. 

Painless experiments
Before general anesthesia’s discovery in 
the 1840s, patients simply had to endure 
the trauma of surgery, although alcohol 
or opiates sometimes numbed the pain. 
After observing in 1844 that nitrous 
oxide — or laughing gas — could stifle 
pain, dentist Horace Wells had a tooth 
pulled while on the gas. Taking several 
deep inhalations, he nodded off, giving his 
colleague ample time to yank the tooth.  
Feeling no pain during the procedure, 
Wells took his discovery to the medical 
community: At Massachusetts General 
Hospital, he gave a patient a whiff of 
nitrous oxide before extracting a tooth.

The demonstration didn’t go as 
planned, as the patient moaned dur-
ing the procedure. But another dentist, 
William Morton, began experiment-
ing with ether. In 1846 Morton used 
ether to knock out a patient while a 
surgeon removed a neck tumor. By 
1847 either ether or chloroform was 
routinely administered during surgery 
to put patients into a dreamless, pain-
free state. In the early 20th century, as  

surgical procedures advanced, these 
gases were replaced by mixtures of 
nitrous oxide and oxygen or intrave-
nous narcotics, ultimately giving doctors 
more control over zonked-out patients. 

Today, anesthesiologists adminis-
ter about a dozen drugs to produce the 
desired effects. Sedatives help with 
relaxation, opiates take away the pain 
and a muscle relaxant paralyzes the 
body. Other drugs added to the mix ren-
der patients unconscious and make sure 
they don’t remember the experience. 

During surgery, anesthesiologists 
know when to intervene. They use a 
mechanical ventilator to control breath-
ing, ensuring that a patient is inhaling 
and exhaling slowly, deeply and rhyth-
mically, and they continually check for 
signs of perspiration. Beeping monitors 
signal trouble if it should arise. 

Though not standard practice, brain 
activity is recorded during some sur-
geries. Electroencephalograph, or EEG,  
signals track brain cell firings by mea-
suring surface electrical activity through 
sensors usually placed on a patient’s fore-
head. Some EEG monitors do additional 
number crunching — translating readings 
into ballpark assessments of a patient’s 
level of consciousness and spitting out a 
number ranging from 0 to 100. A value of 
100 means that the patient is fully awake, 
while a score of 0 — a flatline — indicates 
no brain activity at all. Anesthesiologists 
generally want to keep a patient’s score 
within a range of 40 to 60. 
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Turning off  By imaging people’s brains as they ease into a state of general anesthesia, 
researchers are getting a better sense of which brain regions shut down (some key players 
labeled) and in what order. Such information may help doctors better target anesthetic drugs.

Anterior cingulate
cortex

Posterior cingulate
cortex

Arousal centers
Thalamus

Basal ganglia

Frontal lobe

Interior view

Parietal lobe

Side view
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on the right or quite where on the left,” 
Tracey says. By pairing that info with 
fMRI, the scientists hope to pick up on 
subtle connectivity changes as they occur. 

Similar studies are under way at Mas-
sachusetts General, where Brown and 
researcher Patrick Purdon are combining 

fMRI and EEG to document 
how different knockout 
drugs act in various brain 
regions. These studies and 
others may help answer 
another key question about 
the ability of anesthetics to 
induce unconsciousness: Is 
the brain taken down in a 
single step, like turning off  
a light in a room, or is there a 

hierarchy of switches to be flipped?
Tracey says that, from a biological 

or evolutionary perspective, one might 
think of anesthesia “as a house with lots 
of rooms, where you take the lights out 
in a different order.” Such a step-by-step 
disconnection might allow the brain to 
better preserve some functions until 
unconsciousness is reached.

Wake-up call
Scientists see a similar series of dis-
connections in brain areas when  
people catch their daily dose of z’s. 
Sights, sounds and other distractions 
often melt away as the chatter between 
the thalamus and cortex quiets and sleep 
ensues. But even at the deepest stage of 
sleep, a barking dog or a good shake can 
rouse a person. Most certainly, the slice 
of a knife will do the job.

In contrast, people under general 
anesthesia can’t be stirred. As the drugs 
take effect, patients are rendered sense-
less, numb to the world around them and 
within. Though the anesthetized brain 
uses some of the same neural machinery 
as sleep, studies of brain activity show 
that the two states are in fact entirely 
different. The steady, slow-rolling EEG 
patterns induced under general anesthe-
sia more closely resemble those seen in 
coma. Brown, Nicholas Schiff of Weill 
Cornell Medical College in New York 
City and Ralph Lydic of the University 
of Michigan reviewed the similarities 

they help reveal which brain areas are 
affected by anesthetic agents and when. 

Images studied so far suggest that 
anesthetic drugs wield their effects by 
altering connections between nerve 
cells, making it difficult for different 
brain areas to talk. Areas highly affected 
by the communication breakdown 
include the cerebral cortex, the wrinkled 
layer of “gray matter” at the surface of 
the brain; the thalamus, a ball of tissue 
at the center of the brain; and the brain’s 
arousal centers, located at the top of the 
brain stem, the intersection between the 
brain and the spinal cord.

Studies looking at how various knock-
out drugs break up the organized patterns 
of activity among these brain regions 
reveal disruptions in several circuits. A 
key circuit involves the cortex and thala-
mus. The cortex plays a role in attention, 
language and information processing, 
and the thalamus acts as a relay station 
for sensory information flowing into the 
brain. By passing signals to each other 
via nerve cells, the two areas help people 
make sense of what they see, hear and feel.

Studies in animals and humans on 
anesthetics show that blood flow to the 
thalamus is reduced, disrupting this  
crucial connection. But last summer, sci-
entists directed by Irene Tracey of 
Oxford University in England reported 
that another brain structure, the puta-
men, is actually the first to unhook from 
the rest of the brain under anesthesia. 
Located within the basal ganglia, a bundle 

of nuclei deep in the brain, the putamen 
plays a role in controlling movement. 
Though this disconnection had been 
noted in animal studies, Tracey’s team 
was the first to document it in humans.

Eight healthy volunteers were placed 
in an fMRI machine after receiving a 
dose of the widely used 
anesthetic propofol. As the 
volunteers became uncon-
scious, they were inter-
mittently asked to reply to 
verbal cues or were zapped 
with a pain-causing device. 

Tracey’s team noticed 
that as people became 
unresponsive, connectivity 
between the putamen and 
other brain regions decreased steadily 
while the connection between the thal-
amus and cortex remained intact. The 
findings, reported in the Journal of 
Neuroscience, fit with observations from 
the operating room, where patients often 
exhibit brief, jerky movements as they 
slide into a surgery-ready state, Tracey 
says. Such movements may represent 
the uncoupling of normal controls from 
the main motor system in the brain.  
Tracey’s group is now combining fMRI 
with measurements of electrical activity 
in the brain to further explore how this 
uncoupling occurs. 

“The EEG is brilliant at telling you 
something happened over on the right-
hand side and in a millisecond moved 
on to the left, but you don’t know where 

feature  |  going under

Cerebral kick-start  The stages that the brain passes through as a person slides into 
anesthesia may parallel the stages seen among brain-injured patients recovering from coma 
(cerebral metabolism and EEG readings represented below). Minimally conscious patients receiv-
ing a sedative sometimes exhibit a temporary burst of excitability called “paradoxical excitation.” 
Researchers have seen similar excitations as people move toward an anesthetized state.

Those who are 
“minimally 
conscious”  

can respond  
to low doses  
of sedative 
drugs by  

waking up. 

Coma Minimally conscious AwakeParadoxical excitation

Stages of coma recovery
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“Certain brain areas, if activated, can 
cause nausea and vomiting. Others can 
adversely affect your respiratory sys-
tem,” Brown says. “If I can have a drug 
avoid going there, I’d love to do that.”

Michael Alkire, who studies the neural 
biology of anesthesia at the University of 
California, Irvine, says that by knowing 
how anesthetics affect different brain 
areas, researchers may be able to develop 
new therapies or find ways to customize 
treatments. He foresees a day when a 
patient’s genes are analyzed before sur-
gery to determine sensitivity to drugs or 
potential to suffer certain side effects. “If 
you know that a patient is very anxious, 
and maybe that anxiety is related to the 
amygdala function in the brain, you might 
want to use a different agent or anesthetic 
for that case,” he says.

Understanding how anesthetics work 
in the brain could also lead to entirely 
new ways of creating anesthetic states. 
Future anesthesia may rely on Star Trek–
like devices with energy fields capable of 
disrupting key circuits, for example.

In such a scenario, patients wouldn’t 
need to take any type of medication at 
all, meaning side effects would be mini-
mal, Alkire says. “But first,” he says, “we 
have to figure out the anesthetics.” s

Explore more
ss E.N. Brown et al. “General anesthesia, 

sleep, and coma.” New England Journal 
of Medicine. December 30, 2010.

between general anesthesia and coma 
in the Dec. 30 New England Journal of 
Medicine.

Schiff, a neurologist who helps brain-
injured patients recover consciousness, 
is poring over the EEG patterns seen in 
anesthesia cases looking for common 
links to those found in patients recover-
ing from coma. Such commonalities may 
point to a “signature” for awareness that 
could be detected with EEG.

While he has yet to find such a marker, 
Schiff has identified brain behaviors that 
are similar in the two groups. As drugs 
administered to patients undergoing 
general anesthesia begin to take effect, 
activity between neurons may actually 
increase for a short period. (The same 
effect can explain the excitable feeling 
you get after a single glass of wine.) As 
more medication is given, patients give 
in to sedation.

Schiff sees similar patterns of tempo-
rary excitability in some brain-injured 
patients. Those who are “minimally  
conscious” — meaning they show only 
occasional awareness of themselves 
and their surroundings — can respond to 
low doses of sedative drugs by waking up. 
Here, the anesthetic drugs “kick-start” 
the brain, helping it to turn itself back on.

“Patients might start to speak, or sud-
denly gain the ability to stand or walk or 
chew or swallow,” Schiff says. 

Over time, with repeated doses, the 
mere act of being alert can help the 
underactive brain make gains toward 
recovery, Schiff says. In the January 
2010 Trends in Neurosciences, he suggests 
that a switching mechanism explaining 
this excitatory effect may rely on links 
between the thalamus, the cortex and two 
brain regions — the globus pallidus and 
the striatum — that help regulate activity 
between the cortex and thalamus. 

Back in the operating room
While Schiff looks for a signature of 
awareness for patients in coma, other 
labs are looking for markers that might 
help anesthesiologists track surgery 
patients’ awareness.  

By correlating the squiggly EEG sig-
nals of anesthetized brains to images 

showing changes in blood flow in specific 
brain regions, Purdon and Brown hope 
to identify patterns that could be used 
in the operating room.

“Once you know that connection, you 
can then identify specific EEG patterns 
and make inferences about what differ-
ent brain systems are doing when you 
see that pattern,” Purdon says.

Mashour and University of Michi-
gan physicist UnCheol Lee are taking 
advantage of graph theory, a mathemat-
ical approach used to study networks, 
to link the EEG patterns seen in anes-
thetized patients to knowledge about 
the underlying brain networks. Ideally, 
such a system could be set up to track 
the moment-to-moment changes seen 
in patients during surgery. 

The team has already found that cli-
nicians may get more information on 
patient awareness by gluing the EEG 
monitors farther back on the head, rather 
than on the forehead. In the April Anes-
thesiology, Mashour’s team showed that 
networks in the parietal region display 
greater levels of disruption during anes-
thesia than those in the front of the brain. 
“The parietal lobe may be an important 
hub or point of convergence for informa-
tion processing in the brain,” he says.

Such studies may allow anesthesiolo-
gists to fine-tune their procedures during 
surgery, knowing exactly where to steer 
the brain to balance drugs’ main effects 
against a host of potential side effects. E
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Mathematician Leonhard Euler proved in the 
18th century that there was no journey through 
Königsberg, Prussia, that would take a walker 
across each of the city’s bridges once and 
only once. By simplifying the city’s layout — four 
land areas connected via seven bridges (as 
shown) — into a series of nodes connected 
via paths, Euler established the foundations 
for modern network theory. Today researchers 

study the brain by similarly reducing it to an architecture of nodes and paths. 
Neurons or groups of neurons are Königsberg’s landmasses, and connections 
between those neurons are the city’s bridges. Recent work suggests anesthe-
sia can disrupt the brain by interfering with the system in two ways — changing 
the layout of the nodes and altering the efficiency of the pathways.

Bridges in the brain
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Any 10-year-old knows how 
the dinosaurs met their end: 
A huge meteorite slammed 
into Mexico’s Yucatán Pen-

insula 65 million years ago, blasting the 
planet beyond anything imagined by 
Bruce Willis in Armageddon.

But neither kids nor Hollywood have 
spent much time thinking about how 

dinosaurs appeared in the first place. 
“We know a heck of a lot more about 
the extinction of dinosaurs than their 
origins,” says Randall Irmis, a paleon-
tologist at the Utah Museum of Natural 
History and the University of Utah in 
Salt Lake City. 

Lately, though, new discoveries have 
begun to flesh out the script of dinosaurs’  

earliest days. From ghostly footprints  
in a Polish quarry to the bones of a 
pint-sized predator in Argentina, 
these findings tell a more complete 
and nuanced tale of dinosaur genesis.  
Dinosaurs, it turns out, were not predes-
tined to rule the planet for more than  
130 million years.

Instead, dinosaurs appeared on the 
scene tentatively, perhaps as early as 
250 million years ago. Paleontologists 
are now unearthing fossils so primitive 
that they may be close to the common 
ancestor at the root of the dinosaur 
family tree — the “ur-dinosaur,” as Paul 

feature  |  dawn of the dinosaurs  

DinosaursDawn of the

Paleontologists probe the majestic  
reptiles’ origin and rise  
By Alexandra Witze s Illustration by Victor O. Leshyk
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Sereno of the University of Chicago puts 
it. Ingloriously, that creature probably 
looked something like a chicken: two-
legged, scurrying around in the corners, 
snapping up plants, insects, small ani-
mals and whatever else passed its way.

Other new findings come not from 
dinosaurs themselves, but from some 
of their closest relatives. Just as a long 
talk with an estranged cousin can help 
fill in family history, these discoveries 
are illuminating how dinosaurs evolved 
alongside other animals. 

“We’re really in a renaissance in  
our understanding of early dinosaur 

history,” says Stephen Brusatte, a pale-
ontologist at the American Museum of 
Natural History in New York City.

In the beginning
A famous extinction event may have 
wiped most dinosaurs out, but another 
extinction, just as spectacular, made way 
for their inauspicious rise.  It occurred 
252 million years ago, at the boundary 
between the Permian and Triassic peri-
ods of geologic time.

Scientists aren’t sure what caused the 
Permo-Triassic extinction; there’s no 
impact crater to serve as a “smoking gun”  

like there is for the close of the dino-
saur era. But Earth was roiled by huge 
environmental changes, from massive  
volcanic eruptions in Siberia to radical 
shifts in ocean chemistry. For whatever 
reason, 90 percent of marine species and 
70 percent of land species went extinct.

DinosaursDawn of the

Triassic neighborhood  Though some 
dinosaurs, such as a theropod called Coelophy-
sis (D), did live in the late Triassic, they did not 
rule the landscape. Existing non-dinos included 
large armored herbivores called aetosaurs (C 
and E), mammal-like reptiles known as dicyn-
odonts (A), land-dwelling ancestors of today’s 
crocodiles (B), salamander-like amphibians (G) 
and other aquatic predators (F and H).
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That left the slate clean for dinosaurs 
to arise in the early part of the Triassic. 
“You had your status quo basically wiped 
out, and new groups had the opportunity 
to originate and flourish in this post­
apocalyptic world,” Brusatte says. 

Beyond dinosaurs, those new groups 
included the ancestors of creatures 
that would look familiar today, such as 
lizards, frogs and salamanders. These  
animals — in particular, the crocodile-like 
creatures known as crurotarsans — were 
far more abundant than the first dino 
pip-squeaks. “If you were standing in the 
Triassic, you would say these crocodile-
like animals, not dinosaurs, would expand 
and be dominant” in the eons to come, 
says Brusatte.

Triassic Park was not exactly Jurassic 
Park. But dinosaurs were around, and 
new research hints at when they first 
appeared and what they looked like.

Fossil footprints from Poland’s Holy 
Cross Mountains provide the oldest 
clue. Last fall Brusatte and his col­
leagues, including University of  
Warsaw paleontologist Grzegorz 
Niedz'wiedzki, reported finding three 
sets of tracks, the oldest dating back  
250 million years. That’s right after  
the Permo-Triassic extinction.

Only several cen­
timeters long, these 
tracks were made by 
a four-legged crea­
ture no bigger than 
a house cat. But cer­
tain characteristics 
of the footprints are 
distinctly dinosaur-
like, Brusatte says.

A m o n g  o t h e r 
traits,  the outer 
digits  — the first 
and fifth toe — are 
smaller than the 
others, and the long 
bones of the foot bunch together more 
closely than in non-dinosaurs. The 
trackways are also narrow, as if they 
were made by an upright-walking crea­
ture instead of a sprawled-out crurotar­
san, the team reported last year in the 
Proceedings of the Royal Society B. If 

confirmed, the tracks would be the old­
est dinosaur evidence anywhere, and 
would suggest that dinosaurs evolved 
even earlier than scientists had thought, 
hard up against the end of the Permo-
Triassic extinction. 

Yet not everyone is convinced that 
the footprints are definitive evidence of 
dinosaurs. At the time the Polish track­
ways were formed, there were plenty of 
other dinosaur-like creatures roaming 
the landscape, points out Max Langer, 
a paleontologist at the University of São 
Paulo in Brazil. 

Written in bone
Researchers usually say that the earliest 
dinosaurs lived 230 million years ago, 
because that’s the approximate age of 
the oldest known actual bones. These 
fossils come from the high desert of 
northwestern Argentina, near the bor­
der with Chile. There, a rock formation 
known as the Ischigualasto serves as a 
veritable treasure trove of the earliest 
dinosaurs, where for decades paleon­
tologists have dug up and identified a 
boatload of new species.

Several of these earliest animals 
remain a puzzle. Scientists aren’t quite 
sure how to classify some of the most 

ancient species. 
T h e  d i n o s a u r 

family tree includes 
three main branches: 
theropods, typically 
two-legged, meat-
e a t i n g  a n i m a l s ; 
sauropodomorphs, 
typically the four-
legged, long-necked 
plant eaters; and 
ornithischians, the 
“bird-hipped” dino­
saurs that included 
famous groups like 
the stegosaurs and 

the horned dinosaurs. Sauropodomorphs 
and ornithischians went extinct 65 mil­
lion years ago; a few theropods survived 
the meteorite impact and gave rise to 
modern birds.

Problems arise when researchers 
try to assign very primitive dinosaurs  

to one of these three branches. For 
instance, one of the Argentinean dinos, 
Herrerasaurus, was a two-legged meat 
eater about the size of a crocodile. Some  
researchers call it an early theropod,  
but others say it falls even deeper  
back in the family tree, somewhere just 
outside being either a theropod or a 
sauropodomorph. 

Not that such classifications were sig­
nificant at the time; if you were prey in 
the early Triassic, says Langer, “it prob­
ably wouldn’t matter if you were being 
chased by a basal theropod or a basal 
sauropodomorph.”

Another Argentinean creature, the 
smaller Eoraptor, has a similar identity 
crisis. Upon its discovery in the 1990s, 
it was labeled an early theropod. But in 
January in Science, it was reclassified 
as a sauropodomorph, in part because 
researchers hadn’t seen certain diag­
nostic features in its skeleton, such as a 
twisted thumb, until they re-examined 
it recently. Eoraptor may thus belie its 
fierce-sounding name and be something 
of a mellower, occasional plant muncher.

Paleontologists changed their minds 
about Eoraptor after they unearthed yet 
another close relative: Eodromaeus, a 
small, fleet theropod whose name means 
“dawn runner” (SN: 2/12/11, p. 10). 
Eoraptor and Eodromaeus may belong 
to different dinosaur branches, but they 
still look a lot like each other, says their 
discoverer, Ricardo Martinez of the Uni­
versidad Nacional de San Juan in Argen­
tina. In turn, Eoraptor resembles yet 
another plant eater from Ischigualasto, 
reported on by Martinez and a colleague 
in 2009 in PLoS ONE. 

Clues from cousins
Just as faded, black-and-white pictures 
of ancestors start to look the same, fos­
sils of these early dinosaurs sometimes 
resemble one another to the point 
of indistinction. All of them begin to 
look like an unprepossessing chicken. 
Still, scientists say that knowing which 
creatures appeared when can fill in 
vast yawning blanks on the dinosaur  
ancestry chart.

Sometimes, information about a more 

feature  |  dawn of the dinosaurs

fr
o

m
 t

o
p

: 
M

.C
. 

L
a

ng


e
r

 e
t 

a
l
/b

io
lo

g
ic

a
l 

r
e

v
ie

w
s

 2
0

1
0

, 
a

d
a

p
te

d
 b

y
 t

. 
d

u
b

É
; 

D
in

o
s

a
u

r
 i

ll
u

s
tr

at
io

n
s

: 
Ju

li
u

s
 T

. 
C

s
o

to
n

y
i 

 

Trackways uncovered in a Polish 
quarry may be the earliest sign of 
dinosaurs, predating known bone 
fossils by about 20 million years.
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distant relative can help flesh out the 
family tree. That’s why paleontologists 
are also looking at fossils of animals that 
weren’t true dinosaurs but were very 
closely related to them.

Technically, a dinosaur is defined as 
any member of the group whose lin-
eage includes both the horned dinosaur 
Triceratops and the modern house spar-
row (because of those theropods whose 
descendants fl y around today as birds). 
Today’s crocodiles and lizards are not 
descended from the common ancestor of 
Triceratops and the sparrow, and hence 
are not dinosaurs.

Many other creatures in the Trias-
sic were also reptiles but not dinosaurs. 
Among these are a group known as sile-
saurids: mostly four-legged, mostly plant-
eating creatures. For paleontologists, 
silesaurids are turning out to be nearly as 
exciting as dinosaurs, because silesaurid 
bones help illuminate crucial differences 
between dinosaurs and their relatives 
deep in the reptilian past. 

Last year, scientists reported fi nding 
the oldest known silesaurid, a creature 
that lived 244 million years ago in what is 
now Tanzania. Less than 10 million years 
after the Permo-Triassic extinction, this 

animal had already evolved characteris-
tics of later silesaurids, such as a beak-
shaped lower jaw and teeth shaped like 
leaves. That evolution shows that the 
silesaurid and dinosaurs have not been 
closely related for a long, long time, says 
team leader Sterling Nesbitt, now at the 
University of Washington in Seattle. 

The Tanzanian creature is also the 
oldest dinosaur relative ever found. Dur-
ing the Triassic, the Earth’s continents 
were united as Pangaea, with one south-
ern landmass known as Gondwana and 
one northern one known as Laurasia. 
Africa was part of Gondwana, which is 

Fitting in  
Bones belonging to the earliest dinosaurs can help researchers build the dino family tree. 
Today the tree is divided into three main branches (note that the pterosaurs and crurotarsans 
are archosaurs but not dinosaurs).

Theropods
Theropods — the two-legged, meat-
eating dinosaurs made famous by 
Tyrannosaurus rex — probably date to 
around 230 million years ago. Though 
the name means “beast foot,” most 
theropods alive during the Triassic were 
small and slender, around 2 meters 
in body length. Mightier creatures are 
known from the Jurassic, during which 
theropods became more common and 
varied (Cryolophosaurus shown). Other 
dinos went extinct around 65 million 
years ago, but some small, non� ying 
theropods gave rise to modern birds.

“crown-group”

Ornithischians 
After ornithischian tooth remains were 
reidenti� ed as coming from crocodile-
like creatures and not dinosaurs, 
the evidence for this group in the late 
Triassic was whittled down to just 
three body fossils from a small area of 
southern Gondwana. These creatures, 
known as the “bird-hipped” dinosaurs 
because of their hip structure, were 
probably small, just over a meter 
long — at least at � rst. Size increased 
during the early Jurassic, and over 
time horned dinos like Triceratops and 
Einiosaurus (shown) arose.

Sauropodomorphs
Sauropodomorphs came in two 
forms — the big bipedal omnivores and 
the bigger, four-legged, barrel-chested, 
long-necked herbivores (Brachiosaurus
shown). Evidence for these creatures 
dates to about 230 million years ago 
in South America, and by about 200 
million years ago they could be found 
across South America, Europe, Africa 
and Asia. Sauropodomorphs have the 
best fossil record among the dinosaur 
branches in terms of diversity and 
abundance, but relationships within 
this branch remain controversial.
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also where most of the Triassic dinosaur 
fossils have been found. So dinosaurs 
and their close relatives may have origi-
nated in Gondwana before spreading to 
other parts of the world, says Irmis.

That concept was bolstered in 2009, 
when Nesbitt, Irmis and colleagues 
described a theropod that lived 213 
million years ago in what is now New 
Mexico (SN Online: 12/11/09). Despite 
coming more than 15 million years after 
the “dawn” dinosaurs of Argentina, this 
creature — called Tawa after the Hopi 
name for the Pueblo sun god — still has 
a lot to tell paleontologists.

That’s because the rocks that contain 
Tawa look quite a bit like those from 
Argentina 230 million years ago. The 
New Mexican fossil might represent a 
creature that evolved in an environment 
and landscape similar to the home of the  
earliest dinosaurs known, or it might be 
the descendant of a long-distance migra-
tion. “Although Tawa was found in the 
Northern Hemisphere, it probably was 
a lineage that originated in the Southern 
Hemisphere,” Irmis says.

Tawa’s skeleton also shares many 
features with Herrerasaurus and other 
primitive dinosaurs, and so it helps  
paleontologists classify those earlier 
creatures as true theropods. Tawa mixes 
earlier dinosaur characteristics with later 
ones, allowing researchers to see when 
certain features, such as air sacs within 
the spinal column, evolved.

Another dinosaur unearthed recently 
in New Mexico is similarly helping  

paleontologists understand the rela-
tionships among early theropods. At 
205 million years old, this animal, called 
Daemonosaurus, is younger than Tawa 
yet still retains certain characteristics 
from its ancestors. 

Known from a single buck-toothed 
skull, Daemonosaurus has relatively 
large bones at the tips of its jaws, as Her-
rerasaurus did, mixed with the vertebral 
air sacs that generally characterize later 
dinosaurs. Once again, paleontologists 
can use such findings to untangle which 
features appeared when in theropod 
history. A team led by Hans-Dieter Sues 
of the Smithsonian National Museum 
of Natural History in Washington, D.C., 
described Daemonosaurus online in 
April in the Proceedings of the Royal 
Society B.

Dino dominance
For all the recent insight into the dawn of 
the dinosaurs, one question still looms: 
How did such specimens come to domi-
nate the planet? Somehow these runty 
chickenlike creatures managed to give 
rise to the formidable T. rex, Triceratops, 
Stegosaurus and more.

One clue may lie in yet another mass 
extinction. Around 200 million years 
ago, at the end of the Triassic period, 
something traumatic happened on 
Earth. As Pangaea began splitting apart, 
great quantities of magma poured out 
along the planetary seam that would 
become the middle of the Atlantic 
Ocean. Atmospheric carbon dioxide 

levels spiked, and the chemistry of the 
oceans shifted dramatically. 

Life suffered. Crurotarsans and other 
non-dino reptiles were some of the 
worst-hit creatures, losing large frac-
tions of the species living at the time. 
Their disappearance opened up ecologi-
cal niches — and may have been the lucky 
break dinosaurs needed to move into 
new roles, many scientists think. (Simi-
larly, mammals got the chance to rise to 
prominence after most of the dinosaurs 
were wiped out.)

New findings may yet revise this part  
of the story. Martinez and his colleagues  
are working on a detailed analysis of 
plants and animals throughout the 
Ischigualasto rocks and are finding that 
dinosaur fossils might not be quite as rare 
there as once thought. And dinosaurs  
didn’t automatically and rapidly move  
into open ecological niches, Martinez 
says; sometimes, after the competing 
groups disappeared, dinosaurs took  
several million years to expand and 
diversify into those roles.

Other times, dinosaurs simply did 
better in some parts of the world than 
others. In North America, for instance, 
sauropodomorphs and ornithischians  
didn’t even show up until after the  
Triassic was over, Irmis reports in an 
upcoming issue of Earth and Environ-
mental Science Transactions of the Royal 
Society of Edinburgh.

Researchers are now pushing to see 
how many more early dinosaurs they 
can find, and where. In Argentina,  
Martinez is working on another new 
find, details of which he won’t reveal. 
And Niedz'wiedzki and others continue 
working in Poland, looking for more 
footprints and perhaps actual fossil 
bones of Triassic dinos.

No matter what, expect new findings 
in the years to come. “If the fossils can 
wait for us for 230 million years,” says 
Martinez, “we can wait several years 
more.” s

Explore more
ss S.L. Brusatte et al. “The origin and 

early radiation of dinosaurs.” Earth-
Science Reviews. July 2010.
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Discovered in 230-million-year-old rocks 
in Argentina, Eodromaeus (skull shown) 
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Hidden by the sun’s glare and 
dismissed as a heavily cratered 
rock no different than Earth’s 
moon, Mercury has for decades 

been relegated to the back burner of plan-
etary research. But studies of the planet 
closest to the sun have now ignited.

On March 17, NASA’s MESSENGER 
spacecraft became the fi rst probe to enter 
orbit around the metal-rich body (SN 
Online: 3/17/11). MESSENGER — short 
for Mercury Surface, Space Environ-
ment, Geochemistry and Ranging — 
completes a lap every 12 hours, traveling 
an oval path that swoops close to the plan-
et’s north polar region and keeps a greater 
distance from the southern pole.

A yearlong effort to understand the 
planet’s volcanism, core, magnetic fi eld 
and other features got under way April 4, 
when the craft’s suite of seven instru-
ments began regularly beaming data to 
Earth. With MESSENGER gleaning new 
information, researchers will attempt 
to solve a number of unanswered ques-
tions about Mercury, many brought to 
light when the craft fl ew by the planet 
in 2008 and 2009. 

These earlier encounters with Mer-
cury revealed that volcanic upheaval 
played a major and perhaps dominant 
role in sculpting the planet’s surface. 

That fi nding was a surprise to scientists 
who had thought that the solar system’s 
tiniest planet wouldn’t have retained 
enough heat to drive widespread volca-
nic activity. 

The fi rst hints of volcanism came in 
the 1970s when Mariner 10, the only 
other spacecraft to fl y past Mercury, cap-
tured images of smooth plains between 
heavily cratered regions. But it took 
MESSENGER’s fl ybys to uncover con-
vincing evidence of lava flows. These 
flows had all but erased small craters 
within a Texas-sized impact basin called 
Caloris. More curious, the craft spotted 
more than 36 deposits on 
crater fl oors and the rim 
of Caloris indicating that 
some volcanic eruptions 
were highly explosive, 
powered by the rapid 
expansion of gases bub-
bling out of magma like 
carbon dioxide rushing 
out of seltzer water.

Explosive volcanism 
on Mercury is a puzzle 
because the planet’s hot 
birth should have imme-
diately driven away compounds that 
easily vaporize, says MESSENGER lead 
scientist Sean Solomon of the Carnegie 
Institution for Science in Washington, 
D.C. Any remaining volatile compounds 
ought to have exited the planet early 
in its history, when scientists believe a 
massive body collided with Mercury.

During MESSENGER’s yearlong mis-
sion, gamma-ray and X-ray detectors 
will examine the composition of surface 

rocks to look for signs that volatile gases 
could in fact have driven the volcanism. 

“We should get relatively unam-
biguous measurements of the atomic 
composition of surface rocks and their 
variation from place to place,” says Bill 
McKinnon of Washington University 
in St. Louis. “You can’t claim to know a 
planet’s history if you don’t know what 
the planet’s rocks are made of.”

Depending on what the craft fi nds, the-
orists may have to invoke nontraditional 
volatile compounds as possible explo-
sive power sources or consider models 
in which comets or asteroids delivered 

volatiles after Mercury 
had begun cooling. 

Hidden within
Studying surface rocks 
may also offer clues 
about Mercury’s unusu-
ally high density, another 
of the planet’s strange 
properties. This density, 
fi rst deduced in the early 
1950s from the planet’s 
gravitational influence 
on other planets, sug-

gests that Mercury has an iron core that 
accounts for some 60 percent of its mass, 
says Solomon. In contrast, the metallic 
cores of Earth, Mars and most likely 
Venus make up only about 30 percent of 
the mass of those planets. 

Explanations vary, from a colli-
sion that stripped away lightweight 
silicates in the planet’s outer shell to 
an abundance of iron in the region of 
the planet-forming disk from which 

MESSENGER 
pays a yearlong 
visit to Mercury
By Ron Cowen

August 2004

Launch from 
Cape Canaveral, 
Fla.

August 2005

Earth � yby

October 2006

First 
Venus � yby

June 2007

Second 
Venus � yby

Long journey MESSENGER swung by Earth 
and Venus before passing Mercury three times 
and settling into orbit around the � rst rock from 
the sun (right).

Into
orbit

MESSENGER is getting 
a detailed look at 

cratered regions near 
Mercury’s two poles.
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Mercury emerged. But each theory pre-
dicts a different composition for surface 
rocks, so analyzing those rocks could 
point to the early solar system processes 
most important for the planet’s forma-
tion and evolution. 

Identifying those mechanisms may 
offer insight about the formation of 
planets beyond the solar system, partic-
ularly those born close to their parent 
stars. “Almost everything we learn will 
be relevant for the interaction of close-in 
extrasolar planets with their host stars,” 
Solomon says. 

Magnetic measurements made during 
orbit will further illuminate Mercury’s 
interior, including how heat transfers 
between layers of material at the planet’s 
core. The craft’s fl ybys already have con-
fi rmed a small but persistent magnetic 
fi eld, suggesting that Mercury’s core is 
divided into two parts — a hot outer por-
tion, made of molten iron, circulating 
around a cooler inner core of solid iron. 
The churning of the planet’s liquid outer 
core could act as a “dynamo,” driving the 
magnetic fi eld. 

Like the magnetic fi eld of Earth, the 
only planet known for sure to have a 
liquid-iron dynamo, Mercury’s field 
broadly resembles that of a dipole, a 
bar magnet with a north and south 
pole. But the strength of the dipole fi eld 
near Mercury’s core is only about one-
thousandth the intrinsic strength of 
Earth’s fi eld, and Solomon and his col-
leagues would like to fi nd out why. 

MESSENGER’s magnetometer will 
look for deviations from the fi eld that a 
perfect bar magnet would generate. By 

comparing the observed deviations with 
those predicted by different dynamo 
theories, scientists hope to zero in on 
the model that best explains how the 
planet’s weak fi eld comes about. 

“The hardest question to answer is 
probably the origin of the magnetic 
fi eld,” says Francis Nimmo of the Uni-
versity of California, Santa Cruz. 

Inside to out
Researchers do know that Mercury’s 
persistent magnetic field is part of a 
larger story involving a delicate balance 
between heating and cooling inside 
the planet. 

On the one hand, an active dynamo 
requires a source of internal heat to 
keep the planet’s outer core molten. On 
the other hand, both the MESSENGER 
and Mariner 10 flybys suggested that 
the planet has cooled substantially over 
time. Huge cliffs, or scarps, mark the 
tops of faults that mar Mercury’s surface, 
meaning cooling has caused the planet to 
contract like a shriveling raisin.

MESSENGER fl ybys revealed that the 
planet has shrunk about one-third more 
than previously estimated, pointing to 
a higher rate of cooling. Accounting for 
both the internal heating required for 
the dynamo and the cooling revealed by 
the scarps “has been a conundrum that’s 
interested me since Mariner 10,” says 
Solomon. MESSENGER’s examination 
of the scarps from orbit “will provide 
us with a story not only on the amount 
of the shrinkage of the planet but when 
it happened relative to other geological 
processes — the whole history of cooling.” 

The rate and timing of the cooling 
should also hold clues to how Mercury’s 
outer core retains enough heat to remain 
molten and thus keep the dynamo and 
magnetic fi eld alive.

Though Mercury’s active magnetic 
fi eld sets the pockmarked planet apart 
from Earth’s moon, the two bodies share 
some secrets: Both may possess pockets 
of frozen surface water and therefore 
hold clues to the abundance of water in 
the solar system. 

Like some areas of the moon, some 
of Mercury’s craters lie in permanent 
shadow and may be cold enough to trap 
ice deposits delivered by asteroids and 
meteorites over millions to billions of 
years. Radar studies from Earth have 
already suggested the presence of fro-
zen water, and MESSENGER will seek 
confi rmation by looking for a signature 
of hydrogen in the polar regions. 

Finding ice on the planet closest to 
the sun would further feed the blaze of 
renewed interest that MESSENGER 
has ignited in Mercury. After present-
ing scientists with a storehouse of new 
knowledge, the spacecraft will end its 
mission on March 18, 2012 — unless 
NASA decides to extend the craft’s tour 
for an additional year.

Encores aside, MESSENGER will 
run out of fuel in a few years and crash 
into Mercury’s surface, melding with 
the planet it will have so thoroughly 
explored. s

Explore more
 s Visit the MESSENGER mission 

website at messenger.jhuapl.edu
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The Information
James Gleick
The story of informa-
tion itself takes  
readers on a ride 
through history, from 

the first alphabet to the bits and 
bytes of the modern Information Age. 
Pantheon, 2011, 526 p., $29.95.	

The Cloud Collector’s 
Handbook
Gavin Pretor-Pinney
For weather buffs 
or anyone who has 
hunted cloud animals, 

this clearly written guide to the skies 
makes a game of spotting the many 
kinds of clouds. Chronicle Books, 
2011, 143 p., $14.95.	

Quantify! 
Göran Grimvall
A fun survey of the 
use of numbers to 
make sound judg-
ments, from gravity’s 
effects on sports 

records to statistical analysis of the 
weather. Johns Hopkins Univ. Press, 
2011, 218 p., $25.

Driven to Extinction
Richard Pearson
A scientist exam-
ines how species 
have reacted to past 
climate shifts and 
how organisms may 

respond in the future. Sterling, 2011, 
263 p., $22.95.	

The Great Sperm 
Whale
Richard Ellis
A rich exploration of 
the evolution and biol-
ogy of this giant sea 
creature. Univ. Press of 

Kansas, 2011, 368 p., $34.95.

Let Them Eat Shrimp:  
The Tragic Disappearance  
of the Rainforests of the Sea
Kennedy Warne
For anyone wondering just what the 
heck “rainforests of the sea” might 
be, they’re the world’s largely unsung, 
highly imperiled, biologically fabulous 
coastal forests of mangroves. And it’s a 
telling point that the word mangroves 
does not appear on the cover of a book 
devoted to their marvels and troubles.

Rainforests of the land evoke a 
lot more international concern, and 
Warne includes in the last chapter of 
his vivid and pithy book a vignette of a 
scientist glooming about the undeserv­
edly low public profile of mangroves. 
Warne’s book sets out to remedy this, 
but it’s far from mere lecturing. Warne, 
founding editor of New Zealand Geo-
graphic, visits mangroves around the 
world and lets what he sees and the 
people he meets make their own case. 
The book is a travelog with attitude.

Warne explores mangroves and their 
creatures from tigers to (possibly)  

One Hundred Names for Love:  
A Stroke, a Marriage, and the  
Language of Healing
Diane Ackerman
In this personal account of a stroke’s 
devastation on the brain, a nature 
writer chronicles her husband’s battle 
to recover his lost words.

One day, a clot lodged in the brain of 
Paul West, a professor, poet and novel­
ist. The stroke left West, a man with a 

biting wit and a deep 
intellect, able to 
mutter only one syl­
lable over and over: 
“Mem, mem, mem.”

Ackerman car­
ries readers along 
as her husband con­
fronts his aphasia. 

She describes the science — part neuro­
science, part cognitive science and part 
intuition — of figuring out what was 
damaged in West’s brain and how to fix 
it. In one memorable scene, renowned 

fishing monkeys. His travels take him 
to places where the rising demand for 
coastal areas for aquaculture, particu­
larly shrimp farming, has wiped out 
mangroves. One farmer tells Warne how 
aquaculture income let him educate his 
children, but the cost of such ventures 
hangs heavy in drinking-water wells 
now ruined with saltwater and land too 

salt-tainted to grow 
food. Warne finds 
hope too, in restora­
tion projects and a 
complex but encour­
aging example of 
Tanzanian villagers 
struggling to bal­
ance competing local 

opinions in managing mangroves. 
Even armchair travelers play a role 

in mangroves’ fate, Warne says. Ninety 
percent of shrimp for sale in the United 
States is imported, and two-thirds of 
it comes from farms. A good start, he 
says, would be asking where your next 
shrimp comes from. — Susan Milius
Island Press, 2011, 166 p., $25.95.

bookshelf

neurologist Oliver Sacks, a friend of 
the family, comes to visit and coaxes 
West — who can barely speak — to sing 
“Happy Birthday” and “Jerusalem.” 

On his road to recovery, West 
becomes a “king of malaprops and 
a geyser of neologisms,” Ackerman 
writes. His neural hiccups — saying 
“skellington” instead of skeleton, and 
calling a computer a “light dancing 
mailbox” — reveal the idiosyncrasies  
of the brain. Ackerman leaves the 
impression that the brain, and particu­
larly one holding such vast verbal stores, 
has an astounding capacity to heal.

At times, the scientific descriptions 
lapse into generalizations and oversim­
plifications, losing the nuances and  
precision of brain research that scien­
tists are still struggling to understand. 
But Ackerman’s powerful narrative, 
compelling subjects and imaginative, 
lively writing more than make up for 
those occasions. — Laura Sanders 
W.W. Norton, 2011, 322 p., $26.95.

How to Order  To order these books or others, 
visit www.sciencenews.org/bookshelf. A click on 
a book’s title will transfer you to Amazon.com. 
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Ain’t got the beat
Obviously, Bruce Bower hasn’t tried 
to teach tourists how to dance. “A 
man oblivious to music’s tempo” (SN: 
3/26/11, p. 9), though not common, is 
not rare. In the last 35-plus years I’ve 
shown more than 10,000 visitors to 
New Orleans how to do the Cajun two-
step or waltz, and perhaps 1 to 2 per-
cent exhibit “beat deafness.” In spite of 
the music’s strong beat, I have run into 
one or two a month who are not blessed 
with even the slightest sense of rhythm. 
I do refrain, however, from asking them 
to be included in a neurological study.
Ben Rauch, Chatawa, Miss.

Regarding “A man oblivious to music’s 
tempo”: I have never been able to 
dance or skate to the music. My part-
ners would say, “Move with the beat,” 
and “You’re not keeping time.” I would 
ask them to explain what they meant 
by “the beat” and never got a decent 
answer. The condition has never been 

different times, any insect pollinator in 
the area will have a short, troubled life.

Alternative pollinators can, and 
should, be found to honeybees. More 
important, new methods of agriculture 
that provide a variety of food sources 
for pollinators must be developed, or 
we are all in a lot of trouble.
Karen E. Bean, Maple Falls, Wash.
Bean is a beekeeper at Brookfi eld Farm 
Bees & Honey Inc.

Excellent point. The smaller farms 
benefiting from wild pollinators that I 
mentioned had good bee habitat nearby. 
And without thoughtful farming, domes-
ticating new pollinators could mean 
nothing more than exposing more species 
to the disease risks, pesticide exposures 
and habitat problems that honeybees 
often face now. — Susan Milius 

FEEDBACK

a problem (to me). In fact, I never 
thought I had a problem!
Don Wilfong, San Ramon, Calif.

When my wife shared your article with 
her fellow music teachers, it drew peals 
of laughter. One by one they responded 
with, “They don’t know Jonathan,” 
“They’ve never met Heather,” et cetera. 
While thankful that true “beat deaf-
ness” is not common, each has dealt 
with this with one or more students.
Jim Hogan, El Sobrante, Calif.

The next pollinators
I read “Backup bees” (SN: 4/9/11, p. 
18) with great enjoyment. The article 
mentioned planting alternative for-
age for blue orchard bees near almond 
orchards. This is good. However, most 
industrial farms practice extensive 
monoculture (miles of the same crop), 
where there is no alternate forage for 
any pollinator, native or nonnative. 
Without a variety of food blooming at 
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Send communications to: Editor, Science News,
1719 N Street, NW, Washington, D.C. 20036 or 
editors@sciencenews.org. Letters subject to editing.

Travel the World with Scientifi c American
For our upcoming events, visit  

www.ScientificAmerican.com/travel
or call 650-787-5665
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The show-Me State offers plenty of 
interesting geology including the 
biggest cave entry room in North 
America, the largest lead deposit 
in the U.S., and the only exposures 
in the Midwest of a large province 
of 1.48-billion-year-old granite and 
rhyolite. Celebrate the bicentennial 
of the New Madrid earthquakes and 
learn more about Missouri’s geology.

6x9 • 288 pages • $20.00
FULL COLOR THROUGHOUT

Roadside Geology of

MISSOURI
Charles G. Spencer

 Look What’s New in this Popular Series . . .

P.O. Box 2399 • Missoula, MT 59806 • 406-728-1900
800-234-5308 • info@mtnpress.com

www.mountain-press.com

Mountain Press
PUBLISHING COMPANY

spring 2011, issue 4, volume 2

In the fall of 2007, during her freshman 

year of high school, Raina Jain undertook 

a science experiment on cell behavior. 

She could never have guessed that three 

years later, she’d be talking about it with 

President Barack Obama.

But that’s exactly what happened. On 

October 18, Jain joined dozens of other 

young scientists at the first-ever White 

House Science Fair. This was no ordinary 

science fair — there were no judges nor 

prizes, and the attendees included the 

President, members of his staff, and some 

science celebrities such as TV personalities 

and high ranking government officials. The 

event was more like a celebration of rising 

stars of research, all of whom were winners 

of national science and math competitions.

“It was surreal,” Jain says of the big day. 

“It was an eye-opening and affirmative 

experience. When you get recognition like 

this, it motivates you to continue your 

work.”
Jain, now a senior at Freedom High 

School in Bethlehem, Pennsylvania, won 

fourth place in the Intel International 

Science and Engineering Fair (Intel ISEF), 

a program of SSP, in 2008. She says she 

plans to study science — possibly medicine 

— in college. 

Exhibits were set up in a first floor 

reception area and in the State Dining 

Room, where the President found out what 

the nation’s brightest young scientists are 

thinking about. He met a robot that could 

play soccer, learned about a new way to 

www.societyforscience.org

SSP Alumni Share their Research with 

President Obama at the White House

SSP Fellow Daniel Newmyer 

inspires his under-served 

students through independent 

research opportunities with 

support from SSP.

Science News 

provides 

comprehensive 

coverage of the 

latest scientific 

discoveries 

such as new 

theories on why the 

earth has water and current 

research into genetic diversity.

MacArthur Fellow Stephen 

Berry (STS 1948) reflects on his 

high school project and how he 

is helping to advance science 

education.

Educate.

Inform.

Inspire.

NEWSLETTER OF SOCIETY FOR SCIENCE & THE PUBLIC

the ssp newsletter

Intel STS 2010 first place winner, Erika DeBenedictis, discusses her research with President Obama at the White House

continued on page 3
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 the ssp newsletter

Sign Up Today 
Sign up for the SSP monthly 
newsletter and follow our work…
 www.societyforscience.org/newsletter
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Robot Mathematician Solves Nine 
Simultaneous Equations
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From the Archive For the full 1937 article including a photo, 
visit www.sciencenews.org/archive_robot

‘Robot Einstein’ outdone by today’s cell phones
One generation’s most impressive inventions can over time 
become another’s oddities — rendered obsolete and even 
cumbersome by more advanced technologies. Such was the 
case with a mechanical calculator developed by John Wilbur 
of MIT in the 1930s. 

By tilting a series of plates and then making a single move-
ment of the mechanism, Wilbur could solve a system of 
nine linear equations with nine variables in just a few sec-
onds. Solving such sets of algebraic equations had — and still 
has — cross-disciplinary appeal, because the technique allows 
scientists to study complex systems in which many variables 
depend on each other. At the time, solving for nine variables in 
this way could take days with a paper-and-pencil approach.

Now, though, a 2,000-pound machine with 1,000 ball-
bearing pulleys like the one that Wilbur developed is far 
from necessary. Computers rely on electronics rather than 

mechanics, and those electronics improve every year. An app 
available for the iPhone today can solve a system of 200 lin-
ear equations with 200 variables in 0.15 seconds. And it fi ts 
in your pocket.

As for Wilbur’s car-sized machine, it seems to have van-
ished along with its usefulness. For many years the machine, 
dubbed “Robot Einstein,” sat in a hallway of Building 1 at MIT, 
home to the department of civil engineering. But the machine 
was last seen in the late 1950s, and (though a replica has 
turned up in Tokyo) no one has been able to track down the 
original’s whereabouts. — Elizabeth Quill

In this age of electronics, 
pocket-sized computers such 

as the iPhone make math 
easy and portable.

UPDATE

A ONE-TON machine that in a single 
action can solve nine simultaneous 
equations with nine unknowns so 
complicated in form they might well 
require days of laborious computa-
tion by trained mathematicians has 
been developed at the Massachusetts 
Institute of Technology. Known as the 
simultaneous calculator, the machine 
is the product of three years’ research 
by Dr. John B. Wilbur of the depart-
ment of civil engineering. Cooperat-
ing with him has been Dr. Vannevar 
Bush, vice-president of technology 
and dean of engineering, who under 
the Institute’s program to eliminate 
delay and complications in engi-
neering and research, has previously 
made important contributions to the 
mechanical solution of mathemati-
cal problems, including the famous 
differential analyzer. The simultane-

ous linear algebraic equations solved 
by the new machine occur constantly 
over a wide range of engineering and 
scientifi c analyses. Thus although the 
calculator was originally designed 
for the solution of problems in civil 
engineering, such as those involved 
in the construction of skyscrapers, it 
is expected to prove equally useful in 
such diverse fields as nuclear phys-
ics, geodetic surveying, genetics and 
psychology. The mathematician will 
be able to use it for the evaluation of 
determinants especially and in sev-
eral other fields, since the machine 
under some circumstances can solve 
for even more than nine unknowns. 
The machine weighs approximately 
2,000 pounds and has more than 
13,000 separate parts, including 600 
feet of fl exible steel tape and almost 
1000 ballbearing pulleys. 

Vote for future topics 
The Science News archive includes nearly nine decades’ worth of 
blasts from the scienti� c past. In future issues, Science News will 
offer readers the opportunity to vote on topics to be updated.

Robot Mathematician Solves Nine 
Simultaneous Equations

‘Robot Einstein’ outdone by today’s cell phones

In this age of electronics, 
pocket-sized computers such 

as the iPhone make math 
easy and portable.

UPDATE

A ONE-TON machine that in a single 
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Over a century ago in 1906, San Francisco was 
devastated by a massive earthquake. On that date the
San Francisco Mint forever ceased production of the historic
Lady Liberty $5 Half Eagle gold piece. It was the end of an era for
the coin that had been made of 90% fine gold with the famous “S” 
mintmark since the California Gold Rush. Yet for even those coins that
survived the calamity of the terrible 1906 earthquake, an even worse fate
lay ahead. 

Reserved from Massive Meltdown in 1934 
In 1934, U.S. gold coins were officially recalled by the Federal 
Government and melted down into 100-ounce and 400-ounce gold 
ingots. An estimated 90% of all the San Francisco Liberty $5 gold 
coins were lost forever. 

Surviving “S” Mint Liberty gold coins, few and far between, are 
increasingly valued by today’s collectors. Now, GovMint.com has 
authorized the limited release of 100-year-old, “S” Mint $5 gold Half
Eagles saved from the San Francisco earthquake and subsequent official
U.S. Treasury meltdown. These coins are struck in 90% gold and date
between1866 and 1906 (date is our choice). They are collector quality,
with a numismatic grade of Extremely Fine. During this limited release,
you can get these authentic 100 year old gold coins for as little as $650
each (compare with current advertisements from retail coin dealers of 
up to $799 each).

The History of The West In Your Hands
The history of the American West lives on in these glittering gold coins.
The San Francisco Mint was built during the California Gold Rush and
minted gold delivered from the miners. San Francisco and the western
states grew out of the gold and silver strikes and the immigrants who
came from all across the land to build a new future. The images of Miss
Liberty and the American Eagle on each U.S. $5 gold coin symbolize
our nation’s freedom, strength and faith. These precious and enduring
coins are becoming more precious and sought-after with each generation
and are a valuable legacy for you and your loved ones. 

Order Risk Free Before They’re Gone
The supply of 100-year-old San Francisco “S” Mint $5 

Half Eagle XF gold coins is limited. Due to huge changes in the
value of gold (a 38% increase in the last year alone) no one can predict

the future value of this coin. Listed prices cannot be guaranteed and are
subject to change without notice. Your immediate action is advised—call
toll-free 24 hours a day, 7 days a week.

Money-Back Satisfaction Guarantee. You must be 100% satisfied or
return your purchase via insured mail within 30 days of receipt for a full
refund (less shipping charges). 

ORDER MORE & SAVE 
100-Year-Old “S” Mint $5 Gold Half-Eagle XF                      $695.00 +s/h

$675 Per Coin – SAVE $100!
FIVE 100-Year-Old “S” Mint $5 Gold Half-Eagles XF $675 each +s/h

Only $650 Per Coin – SAVE $450! 
TEN 100-Year-Old  “S” Mint $5 Gold Half-Eagles XF $650 each +s/h

Toll-Free 24 hours a day 
1-800-973-3059

Offer Code SGE137-02
Please mention this code when you call.

14101 Southcross Drive W., Dept. SGE137-02
Burnsville, Minnesota 55337

www.GovMint.com
Prices and availability subject to change without notice. Note: GovMint.com is a private distributor of worldwide
government coin issues and is not affiliated with the United States government. Facts and figures were deemed 
accurate as of January 2011.  ©GovMint.com, 2011

MONEY-BACK SATISFACTION GUARANTEE

100-Year-Old San Francisco Mint
Gold Saved From Destruction

Actual size is 21.6 mm

The San Francisco
“S” mintmark

SAVE UP TO
$149 EACH
OFF RETAIL

PRICES!

©GovMint.com 2011

Above: The San Francisco Mint (center)
was one of the few buildings left standing
after the great earthquake of 1906. 
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