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Defy Pain, Defy Aging, Defy Fatigue

This is my story
| used to be more active. | used to run, play
basketball, tennis, football... | was more than
a weekend warrior. | woke up every day filled
with life! But now, in my late 30’s, | spend most
of my day in the office or sacked out in front of
the TV. | rarely get to the gym - not
that | don't like working out, it's
the nagging pain in my knees and
ankles. Low energy and laziness
has got me down. My energy has
fizzled and I'm embarrassed to
admit that I've grewn a spare tire
(I'm sure it's hurting my love life).
Nowadays | rarely walk. For some !
reason it's just harder now. Gravity
has done a job on me.

Wear them and you'll know
That's what my doctor recommended. H€ said,
“Gravity Defyer shoes are pain-relieving shoes.”
He promised they would change my life-like
they were a fountain of youth. “They ease the
force of gravity, relieving stress on your heels,
ankles, knees and back. They boost your energy
by propelling you forward.” The longer he
talked, the more sense it made. He was even
wearing a pair himself!
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Excitement swept through my
body like a drug

| received my package from GravityDefyer.
com and rushed to tear it open like a kid at
Christmas. Inside | found the most amazing
shoes | had ever seen - different than most
running shoes. Sturdy construction. Cool
colors. Nice lines... | was holding a miracle |
of technology. This was the real thing.
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Scientifically
Engineered
0 Defy Gravity!
| put them on and all | could say was,

“WOW!"” In minutes | was out the door.
| was invincible; tireless in my new Gravity

' ¥ Defyer shoes. It was as if my legs had been

replaced with
super-powered
bionics. What the
doctor promised

Customer Satisfaction
Speaks for Itself!

4 out of 5 customers purchase a
2nd pair within 3 months.

was all correct. No
more knee pain. | started to lose weight. At
last, | was pain free and filled with energy!
| was back in the game. Gravity had no
power over me!

Nothing to lose:
Start your 30
Day Trial Today!
So, my friend, get
back on your feet like |
did. Try Gravity Defyer
for yourself. You have
nothing to lose but
your pain.
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Eliminate pain from every step.
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= Feathers from the dino days
preserved in ancient amber
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= Super-Earth exoplanets may
come in two flavors

= Fewer hidey-holes for
the Higgs boson
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= Bacterial mind control

LIFE

= Mass extinction tied to ocean
pH drop

= Woolly rhinos prepared for
cold long before Ice Age
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= Some precious metals may
have rained down from space
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= Treat-snatching kids still
can’t resist temptation when
grown

= Oldest hand axes yet

= Kissing hominid cousins
begat better immunity
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= Exotic spice fights cancer

= Stroke treatment may do
more harm than good
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= Connecting disease dots may
reveal hidden links

= Civil conflicts linked to
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Human brains tackle imperfect
information with an intuitive
grasp of probabilities.

By Laura Sanders

FERTILE FRONTIERS

COVER STORY: Scientists seek
alien life-forms on moons
orbiting Jupiter and Saturn.
By Nadia Drake

SINGLED OUT

Individuality is everywhere in
the lives of cells, even among
identical clones.

By Susan Gaidos
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FROM THE EDITOR

For making better bets,
brains depend on Bayes

Life is all about playing the odds.

Making choices is seldom an exact
science. Usually you can’t compute
all the possible ramifications of
deciding on one course of action or
another. You have to guess which is
best. It boils down to assessing the
likelihood of various possible outcomes
for a given decision, weighing current evidence in the light
of previous experience.

Fortunately, brains are pretty good at rendering such
probabilistic judgments. That’s because brains are Bayesian.

Bayesianism is not a disease named for the doctor who
first diagnosed it, but a mathematical philosophy named
for the English clergyman who first articulated it. The Rev.
Thomas Bayes, in a paper published in 1764 (three years
after he died), described mathematical methods for combin-
ing expectations from experience with new data to compute
a probability. While widely accepted for a while, the Bayes
approach was held in disrepute for much of the 20th century,
thanks to the superior PR apparatus of a competing statistics
philosophy known as frequentism.

Nowadays Bayesian statistics is enjoying a resurgence in
popularity, thanks to its superiority in actually doing statistics.
(If you're a subscriber to Science News, you can read more
about that in my column, available at http://bit.ly/SNBayesian,
from the September 26 issue of Science News Prime.) But in
a sense, Bayesian statistics has been the most popular form
of influential reasoning all along, extending back long before
Bayes was born. As Laura Sanders reports on Page 18, the
human brain itself seems to observe the Bayesian prescrip-
tion for mixing experience with new evidence to produce
accurate guesses about probabilities. Scientists have sug-
gested that brains employ Bayesian methods in all sorts of
tasks, from performing visual searches to solving simple
math problems.

It may very well be that the process of science itself —
the gathering of experiences about the world leading to
explanations about how it works — exploits cognitive capaci-
ties that are built on Bayesian principles (even for scientists
who are devotees of frequentism). Bayesian inference seems
to be the best way to cope with the real world in real time.
Evolution’s choice of Bayesianism as the best way to bet
suggests that today’s textbook science ought to embrace it
more enthusiastically. — Tom Siegfried, Editor in Chief

Society for Science & the Public is a 501(c)3 nonprofit corporation founded in 1921. The vision of Society for Science & the Public is to promote the understanding and appreciation

of science and the vital role it plays in human advancement: to inform, educate, inspire. Visit Society for Science & the Public at www.societyforscience.org. Republication of any portion of
Science News without written permission of the publisher is prohibited. For permission to photocopy articles, contact Copyright Clearance Center at 978-750-8400 (phone) or 978-750-4470
(fax). Advertising appearing in this publication does not constitute endorsement of its content by Science News or Society for Science & the Public.

2 | SCIENCE NEWS | October 8, 2011

WWW.SCiENncCenews.org

JIM WEBB


mailto:subs@sciencenews.org
mailto:editors@sciencenews.org
mailto:snsales@sciencenews.org
http://www.texterity.com
http://bit.ly/SNBayesian
http://www.societyforscience.org
http://www.sciencenews.org
http://www.sciencenews.org
http://www.societyforscience.org
http://bit.ly/SNBayesian
mailto:subs@sciencenews.org
mailto:editors@sciencenews.org
mailto:snsales@sciencenews.org
http://www.texterity.com

>

Limited Mintage Striking...

WORLD’S FIRST %100

e ||

Y

AR A TP T TP TR AN A PR

First-year
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Mirrored proof
background

Larger Franklin
portrait

Liberty Bell, quill pen
& July 4th date

New York Mint Announces the Limited Mintage
Striking of an Extraordinary Silver Proof
—the New United States $100 Bill Struck in
Pure Silver Bullion. Discount Price $99

This extraordinary piece of pure
silver bullion has a surface area that ex-
ceeds 30 square inches...and it contains
one Troy ounce of pure silver bullion!

And now, during a limited strike

period, the very first Year 2011 $100

Silver Proof is available at a special
discount price—only $99!

EXQUISITE DETAIL

The historic First Year 2011 $100

Silver Proof is an exquisite adaptation of the

United States Treasury’s $100 Federal Reserve Note—only

the second new $100 bill design in 70 years. It is a true
artistic masterpiece that will always be treasured.

999 SILVER

Best of all, this stunning Silver Proof is even more
beautiful than the original, because it’s struck in precious
silver bullion!

It is a landmark in proof minting, combining unprece-
dented weight with extraordinary dimension. The specifi-
cations for this colossal medallic proof are unparalleled.

Each one:

¢ Is Individually Struck from Pure .999 Silver Bullion.
¢ Weighs one Troy ounce.

¢ Has a Surface Area That Exceeds 30 Square Inches.
¢ Contains 31.10 Grams (480 Grains) of Pure Silver.

¢ Is Individually Registered and Comes With a
Numbered Certificate of Authenticity.

¢ Is Fully Encapsulated to Protect Its Mirror-Finish.
¢ Includes a Deluxe Presentation Case.

" SILVER PROOF

S B =
Shown larger than

Minted in one Troy ounce actual size of 6" x 24"

of pure silver bullion

ADVANCE STRIKE DISCOUNT

The price for the 2011 One-Ounce Silver Proof will be set
at $129 per proof.

However, if you place your order now, you can
acquire this giant silver proof at the special advance strike
discount price—only $99.

NOTE TO COLLECTORS: If you place your order for the
$100 silver proof within the next 10 days, it will be
processed immediately, and the earliest orders will
receive the lowest registration numbers.

ADDITIONAL DISCOUNTS
Substantial additional discounts are available for serious
collectors who wish to acquire more than one of these
exquisite silver proofs.
You can order:
ONE Year 2011 $100 Silver Proofs for just $99 + s/h
FIVE Year 2011 $100 Silver Proofs for just $95 + s/h
TEN Year 2011 $100 Silver Proofs for just $89 + s/h
There is a limit of twenty $100 Silver Proofs per order,
and all orders are subject to acceptance by New York Mint.

ONLY 5,000 AVAILABLE

New York Mint will strike only 5,000 One-Ounce Silver
Proofs for the year 2011, so oversubscription is a virtual
certainty.

Telephone orders only will be accepted on a strict first-
come, first-served basis according to the time and date of
the order.

Call Today to Order Your $100 Silver Proof!

1-800-926-MINT ¢165

Offer Code: HSP140

Please mention this code when you call.

A major credit card is necessary to secure your reser-
vation, and New York Mint guarantees satisfaction with a
money-back policy for a full 30 days.

New York Mint

Prices and availability subject to change without notice. Past performance is not a predictor of future performance. New York Mint 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 April 2011. © 2011 New York Mint
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SCIENCE NOTEBOOK

Say What?

Jelly-fall\JEHL-ee-fahl\ n. A rain of dead
jellyfish onto the seafloor, similarto a
“whalefall” of dead whales. In March,
scientists in Norway photographed the
bottom of a fjord north of Bergen; in
five of 218 photographs they spotted
corpses of Periphylla periphylla medusa
jellyfish (alive, right). Shrimp swarmed
the decomposing jellies, suggesting
the bodies provide important nutrients
in an otherwise sparse environment,
the researchers report in an upcoming Deep-Sea Research Part . Jellyfish
numbers are up globally, and huge piles of rotting jellies have recently been
found on seafloors off Oman, the Ivory Coast and Japan. — Alexandra Witze

SN Online
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Science Past | FROM THE ISSUE OF OCTOBER 7, 1961 Science Future

CHEAPER WATER FROM SEA — Lower cost conversion of
undrinkable sea or brackish water to potable fresh water
will come closer to practicality through use of $75,000,000
appropriated by Congress for the next
six years. Lowest cost achieved so far

October 16

Comet Elenin comes its clos-
est to Earth and may be visible
with binoculars. See NASA's
FAQ at 1.usa.gov/o0eX6hP

is one dollar per thousand gallons com-
pared with the cost from ordinary
sources of 30¢ per thousand. The money
is for research and development in the
Government’s saline water conversion

October 31

Deadline for middle school-
ers to enter the Future City
engineering competition. Learn
more at www.futurecity.org

program. Eventual goal of the program is to supply the

nation with cheap drinking water from the oceans and
brackish water.... The water supply problem is becoming
quite serious in the United States because of increasing
water needs and pollution of available water resources.

October 18

Get hands-on at the American
Museum of Natural History’s

Family Party in New York City.

See amnh.org/familyparty

Introducing...

A previously unknown species of sea lily has
turned up at seamounts more than 1,600
meters below the waves at sites off Antarctica.
A shirttail cousin to the starfish, the anchored,
filter-feeding organism sports what looks like

a flowerlike fan above a stalk that can be a half-
meter long. The 46 sparsely planted juveniles
and young adults seen by scientists from France
and New Zealand belong to a single species,
dubbed Ptilocrinus amezianeae. In the September
Polar Biology, the scientists report witnessing
sea stars and urchins dining on the animals and
conclude that the newly discovered population
appears to be “in decline.” — Janet Raloff

ENVIRONMENT

Plastics sloughed off cloth-
ing can pollute coastlines.
See “Synthetic lint ends up
in oceans.”

Arctic seaice this year was
near its smallest extent on
record. Read “Summer Arctic
melt among worst ever.”

GENES & CELLS

Natural killer cells are
caught in the act of feeding
poison pills (below) to
tumors. See “News in Brief:
Genes & Cells.”

Science Stats
UNDISCOVERED SPECIES

According to a new estimate,
Earth may hold 8.7 million
eukaryote species, only about
1.2 million of which have been
cataloged. (Examples of three
major eukaryote groups shown.)

Eukaryote group and
total estimated species

Animals '

7.8 million

Fungi '

611,000

Plants
298,000

Il Cataloged species
Uncataloged species

C. MORA ET AL/PLOS BIOLOGY 2011
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t4 We've learned throughout life that smiling faces
are good things. 77 —B.J. cAsEY, PAGE 12

Inthe News

Atom & Cosmos Super-Earth search

Genes & Cells Gut bacteria lessen stress

Life Mass extinction linked to acidification

Earth Metal-delivering meteorites

Humans Test of willpower, decades later

Body & Brain Saffron stifles liver cancer

Science & Society Mining medical records

STORY ONE

Dinosaur-era
feathers trapped
in ancient amber

Preserved plumage reveals
pigment and fine details

By Susan Milius

its of filaments and feath-

ers trapped in amber 70 to

80 million years ago offer an

unusually wide-ranging view
of what late dinosaurs and early birds
were wearing.

The 11 small, amber-bound specimens
found in Canada span an evolutionary
range of late Cretaceous fashion. They
include what appear to be unbranched
filaments — which have been proposed
as the first stage of feather evolution — to
bits of sophisticated, corkscrewy barbs
like those seen in the wettable feathers
of modern diving birds. A team from the
University of Alberta describes the finds
in the Sept. 16 Science.

Such a range has shown up squashed
in rock fossils, but “we’re seeing the
same thing preserved in beautiful 3-D
forms,” says coauthor Ryan McKellar.
“It’s preserved down to the point of hav-
ing pigment, which opens up the door-
way for all sorts of weird and wonderful
investigations.”

To find the 11 specimens, McKellar
screened more than 4,000 pieces of
amber, collected from the discards of
a coal mining operation near the town
of Grassy Lake in southern Alberta.
McKellar speculates that back in the day,

Eleven specimens of amber (two shown) reveal filaments and feathers preserved
from the late Cretaceous period. Simple filaments (top) are believed to have
covered dinosaurs. A feather barb (bottom) may have come from an ancient bird.

the area was a salt marsh along the edge
of the great seaway that ran through
what is today western North America.

This trove of amber offers indepen-
dent evidence that ancient feathers and
even simple filaments did indeed carry
pigment, says evolutionary ornitholo-
gist Richard Prum of Yale University. “I
was stunned to see the level of detail pre-
served,” he says.

How feathers evolved has roused
heated debate in recent years, as pale-
ontologists have reported finding
compressed-rock fossils of dinosaurs

with remnants of filaments or feathers
(see Back Story, Page 6). Well-preserved
dinosaur fossils such as Anchiornis even
show modern-looking feathers with
small barbs branching from a central
shaft. All but the most complicated
asymmetrical flight feathers have shown
up so far in dinosaurs, Prum notes.
Flight demands a lot of strength and
aerodynamic specialization from a
feather, so paleontologists have been
spinning scenarios for what benefits
might have favored the beginnings of
fluff that was still useless for flying.
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For today’s top stories, visit
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Simple filaments or clusters of filaments,
potential early stages of feather evolu-
tion that couldn’t heave an animal off
the ground, might have been of use for
insulation or courtship displays. Fancier
structures that weren’t flight-capable
may have given an aerodynamic boost
for animals rushing up steep slopes.

A few fragments of ancient feathers
or protofeathers have been found in
amber before, including bits from Leba-
non, France and New Jersey. But none of
the previous finds from dinosaur times
have shown the diversity of the newly
described assemblage, McKellar says.

He and his colleagues found not only
what looks like an unbranched filament
but also what has been proposed as a pos-
sible second stage in feather evolution, a
cluster of filaments. Prum ranks the sec-
ond-stage feathery bit as “really great”
and convincingly identified, but admits
tonagging reservations about how defini-
tively the simple filament can be linked to

j&d

2

Stage | Stage Il Stage Il

\\ngvgﬁ

Stage IV Stage V

Researchers suggest feathers evolved from single (stage I) then multiple (stage Il)
filaments that later developed a central shaft (stage Ill) covered in barbs and bar-
bules that further differentiated and branched (stages IV and V). Scientists have
found specimens in amber from stages |, I, IV and V of feather evolution.

source of debris snagged in amber.

A separate, striking amber specimen
shows a birdlike feather branching into
secondary twigs, or barbules, with hook-
lets like those in modern bird feathers
that zip together side-by-side barbules
to make a tight, interlocked surface.
Barbules on another specimen spiral at
the base, afeature that allows afeather’s
elements to uncoil and pick up water.
Such feathers on a modern waterbird

L}
‘.‘
]

adinosaur or bird instead of some other ease diving by reducing trapped air, and

Back Story | reatuers rock

Depending on who’s counting, rock fossils of about
15 genera of nonbird dinosaurs have revealed feathers.
Add in fossils with less direct evidence of feathers,
such as knobs on bones where quills could have
attached, and the number soars into the 20s.
Most of these marvels have entered the scientific
literature since 1996, when a small but startling
Sinosauropteryx (illustrated below) fossil was
described as a bird. Paleontologists later hailed it
as a dinosaur despite patches along its spine of
short, simple filaments, what’s now called “dinofuzz”
and proposed as the first stage in the evolution of modern bird feathers. More
recently described dinosaur fossils such as Microraptor gui (illustrated above)
have featured more evolutionarily complex feathers with central shafts. In 2010,
a research team in China even reported evidence that a Similicaudipteryx spe-
cies replaced its feathers in birdlike molts. And a feathered
fossil flap has arisen about whether Archaeopteryx, long
touted as the first known bird, was actually a dinosaur
with feathers. These glimpses of feathers on what were
once believed to be scaly reptiles have reinvigorated the notion,
first proposed in 1868, that modern birds evolved from the celebrity
carnivore lineage of theropod dinosaurs. —Susan Milius

they allow parents to soak their feathers
inwater and then ferry the drinkback to
chicks. (McKellar notes that research-
ers know a lot about details of modern
bird feathers, thanks in large measure
to the aviation industry’s interest in
identifying what species get sucked into
airplane engines.)

None of the amber-trapped feathers
had original owners attached, so the
researchers can merely speculate that
the simpler specimens might be from
dinosaurs and the more complicated
structures from birds. “It’s a really neat
cross section of what had plumage dur-
ing the late Cretaceous,” McKellar says.

McKellar, an invertebrate paleon-
tologist, found most of the feather bits
as part of a Ph.D. project searching for
tiny, amber-encased wasps less
than 3 millimeters long. Under
the high-resolution scrutiny
required to find the insects, miniature
feather bits showed up, too.

Paleontologist Jakob Vinther of the
University of Texas at Austin says he was
pretty excited when he heard McKellar
talk about the amber fossils. Vinther
has explored microscopic color-gener-
ating features of fossil feathers and has
even reported signs of iridescent color.
He tried to persuade McKellar to give
up some small bits of his specimens
for examination by scanning electron
microscope. But McKellar, who averaged
a feathery find every 360 specimens or
so, says he’s not ready to sacrifice any of
the samples just yet. B
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Super-Earths —
dense or fluffy

Exoplanets of a certain size
apparently come in two types

By Nadia Drake

With exoplanets almost as numerous as
fireflies on a midsummer’s eve, two top
planet-finding missions disagree over
the abundance of low-mass planets that
are heavier than Earth but lighter than
Neptune.

The Swiss-led HARPS mission sug-
gests that between 30 and 50 percent of
sunlike stars in the solar neighborhood
host super-Earths and sub-Neptunes.
But NASA’s Kepler mission finds that
these planets circle roughly 15 percent
of the stars in its far-flung field of view.

That discrepancy is of great interest,
because the number of planets in the
weight class just above Earth hints at
how many bodies of terrestrial propor-
tions are likely to be discovered.

But a new report suggests there may
not be a discrepancy at all.

“We know the Geneva team does
a good job observing, and they have
a good technique. And we know the
Kepler telescope is working beautifully.
So we wanted to see if there was a plau-
sible, believable way in which you could
have the difference between those two
surveys,” says Greg Laughlin, an astron-
omer at the University of California,
Santa Cruz.

In a paper posted online August 30 at
arXiv.org, he and UC Santa Cruz gradu-
ate student Angie Wolfgang propose that
there are two kinds of low-mass planets
outthere, one of which is more amenable
to discovery by HARPS.

Laughlin and Wolfgang produced a
simulation based on the HARPS data.
In it, they created a population of plan-
ets between one and 17 Earth masses
around the more than 100,000 stars
being monitored by Kepler and gave the

Two major exoplanet surveys have
disagreed on the abundance of distant
planets with masses that fall between
Earth’s (left) and Neptune’s (right).

virtual planets varying characteristics
and orbital periods between one and 50
days. When peppered with two distinct
kinds of planets in the size range —one
rocky and dense, the other gaseous and
fluffy — the simulation mimics Kepler’s
data. “You can explain the results of
those surveys if you have these two dis-
tinct populations,” Laughlin says.
HARPS searches for distant planets
by looking for the telltale signs of an
orbiting planet tugging on its host star
in what’s called a radial velocity sur-
vey. Kepler uses the transit method,

monitoring a star field for blips in
brightness caused by a planet briefly
blocking some of the star’s light. These
different methods can bias the types of
planets detected — heavier planets tug
more on their stars, and bloated planets
with bigger radii block more light.

Ideally, densities for detected plan-
ets could be found by using both meth-
ods, but that often proves tricky. Two
super-Earths that have been detected
using both methods — CoRoT-7b and GJ
1214b — have similar masses but differ-
ent densities. Both are examples that fit
well with Wolfgang and Laughlin’s ideas,
says Andrew Youdin of the Harvard-
Smithsonian Center for Astrophysics in
Cambridge, Mass.

Caltech planetary astronomer John
Johnson notes that both surveys suggest
that there are lots and lots of planets out
there, and some might be quite familiar.
“Kepler’s been telling us that the local
universe is teeming with Earths,” he
says. “They’re just all over the place. We
need to go out and find them.” @

Chase continues for a lighter Higgs

Latest estimates narrow target for mass of elusive particle

By Devin Powell

In the hunt for the Higgs boson, the
world’s most powerful particle collider has
tightened the net. New data from CERN’s
Large Hadron Collider near Geneva nar-
row the range of allowable masses for the
hypothetical particle, whose existence
would confirm the mechanism thought
to give mass to other particles.

To fit with the standard model of par-
ticle physics, the Higgs must now be
lighter than 145 billion electron volts, or
GeV, team members from LHC’s ATLAS
and CMS experiments reported August
22 in Mumbai, India, at the Interna-
tional Symposium on Lepton Photon
Interactions at High Energies.

This new limit goes beyond previous

results from the Tevatron at the Fermi
National Accelerator Laboratoryin Bat-
avia, I1l. —which directly excluded 156 to
177 GeV by looking for debris left behind
when the Higgs breaks down, and indi-
rectly ruled out masses above 185 GeV.

“We’ve now confirmed with direct
searches that the mass of standard
model Higgs, if it exists, is light,” says
CERN’s Fabiola Gianotti, a spokes-
woman for ATLAS.

Asitrunsoutofroomtohide, the Higgs
is still playing hard to get. Faint hints of
the Higgs seen at the LHC in July — par-
ticles with energies in line with a lighter
Higgs — have grown fainter in the new
LHC data. Still, CERN physicists expect
to discover or rule out the existence of
the Higgs in the next two years. &)
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“So far there’s really no evidence that probiotics
affect emotions in humans.” —EMERAN MAYER

Belly bacteria can boss the brain

Gut microbes lower stress hormones and anxiety in mice

By Tina Hesman Saey

Friendly intestinal bacterianot only keep
the gut happy, they may help keep their
host happy, too, anew study in mice finds.

Mice fed broth fortified with a type of
gut bacteria called Lactobacillus rham-
nosus behaved less anxiously than mice
fed broth without bacteria. The observed
behavior changes were accompanied by
differences in levels of a brain-chemical
sensor and stress hormones.

The bacteria telegraph these brain-
chemical and behavior-changing mes-
sages via the vagus nerve, which connects
the brain stem to other organs, research-
ersreportonline August 29 in the Proceed-
ings of the National Academy of Sciences.

Some studies have suggested that
changing the mix of bacteriain the intes-
tines could influence behavior. The new
research investigates how those changes
may come about, says Paul Patterson, a
neuroimmunologist at Caltech. “Most
people haven’t gone that far to look at
what’s happening in the brain,” he says.

The research team —led by John
Bienenstock of McMaster University
in Hamilton, Canada, and John Cryan
of the University College Cork in Ire-
land —looked at the mice’s brains to
examine levels of a protein that senses
and responds to an important chemical

Bacteria ease stress Mice forced to
swim in a tank get stressed, but a diet that
includes a bacterium called Lactobacillus
rhamnosus lowers levels of a stress hormone.
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messenger called GABA. Mice fed bacte-
ria-containing broth had higher levels of
the GABA receptor protein in some parts
of the brain and lower levels in other
parts than did mice fed sterile broth.

Mice usually stay close to walls, but
ones that consumed the microbe spent
more time in open spaces in a maze —a
measure that the mice are less anxious
than usual. The researchers also gave the
mice a stress test by forcing the animals
to swim in a water tank. Stressed mice
that had eaten L. rhamnosus had lower
levels of stress hormones than did mice
that ate broth alone.

When the scientists severed the vagus
nerve, the mice no longer had altered
levels of the GABA receptor and didn’t
exhibit behavior differences, indicating
that nerve is probably the major route
gut bacteria use to transmit informa-
tion to the brain. The vagus nerve “is the
obvious route, but that’s not to say it’s
the only route,” says Bienenstock. Mes-
sages may also be transmitted through
other nerves or through chemicals in
the blood. The researchers still don’t
know what sort of message the bacteria
send to the brain or whether bacterial
supplements can make a difference in
regulating people’s behavior.

Mouse experiments hint that gut bac-
teria could play arole in awide variety of
brain and psychiatric disorders, such as
depression, autism and schizophrenia.

But, “one has to be cautious. This
is exciting science in rodents, but you
can’t just extrapolate to humans,” says
Emeran Mayer, a gastroenterologist
and neuroscientist at UCLA who wasn’t
involved in the study. Companies that
make probiotics —beneficial bacteria sold
aspills orin food —hope the products can
helprelieve avariety of conditions in peo-
ple, but little data exist, Mayer says. “So
far there’s really no evidence that probi-
otics affect emotions in humans.” B

Virus gene turns gypsy moth
caterpillars into climbers
Scientists have discovered a gene
that baculoviruses use to hijack
gypsy moth caterpillars’ brains.
When infected with the virus, the
caterpillars become climbers, scal-
ing the tree on which they live. At
the top, the caterpillars die, liquefy
and rain down viruses on other
gypsy moths. Now researchers

at Pennsylvania State University

in University Park and colleagues
have discovered that a baculovirus
gene called egt makes the cater-
pillars seek the heights. Viruses
lacking the gene still kill, but the
caterpillars stay down at the base
of the tree, the researchers report
in the Sept. 9 Science. The egt
gene produces an enzyme that
inactivates one of the caterpillar’s
molting hormones and leads to
climbing. —Tina Hesman Saey

Endangered stem cells
Reprogrammed stem cells from
two of the world’s most endan-
gered species may help bring them
back from the brink of extinction.
Using frozen adult skin cells from
an endangered primate called a
drill and from a northern white
rhinoceros, scientists coaxed

the cells into an embryonic stem
cell-like state. The stem cells may
one day be used to create eggs
and sperm for breeding programs.
It took many failures before the
researchers succeeded in making
the cells from a male drill named
Loon and a female rhino named
Fatu, the researchers from UC San
Diego, the Scripps Research Insti-
tute and the San Diego Zoo report
online September 4 in Nature
Methods. —Tina Hesman Saey
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Die-off fueled by acidifying oceans

Mass extinction may trace partly to changes in water’s pH

By Alexandra Witze

The question of what killed most life on
Earth 250 million years ago is a veritable
Murder on the Orient Express, with mul-
tiple characters all dealing part of the
deathblow. Now, scientists have learned
how one of the assassins —acid — could
have performed its part of the deed.
High levels of atmospheric carbon
dioxide would have turned the oceans
more than acidic enough to kill off marine
critters, acomputer simulation indicates.
“This would have been another

stressor in the system that might have
pushed things toward extinction,” says
Alvaro Montenegro, a climate modeler
at St. Francis Xavier University in Anti-
gonish, Canada. He and his colleagues
describe the finding in a paper published
online August 2 in Paleoceanography.
At the end of the Permian period of
geologic time, more than 90 percent
of marine species and nearly three-
quarters of terrestrial species vanished.
Leading suspects in the die-off include
oxygen-starved oceans, abelch of hydro-
gen sulfide from the deep, a shutdown of

Woolly rhinos ready for big chill

Fossils found high in the Himalayan foothills show Tibet may have been a

cold testing ground where big mammals developed their cold-climate cool well
before the Ice Age began. Among the treasures is the oldest fossil yet found
of a woolly rhino (illustration shown), dating from about 3.7 million years ago,
says Xiaoming Wang of the Natural History Museum of Los Angeles County.
The complete skull and several neck vertebrae represent a new species,
Coelodonta thibetana, of the now extinct animals, Wang and colleagues report
in the Sept. 2 Science. A forward-leaning flattened horn convenient for sweep-
ing aside snow while foraging for food and other characteristics offer evidence
that the Ice Age giant evolved cold-weather adaptations before the big chill
set in 2.8 million years ago. When the Ice Age did come, descendants of the
Tibetan rhinos could have moved to lower altitudes. Fossil locations of three
later woolly rhino species fit that pattern. Tibet “probably is the cradle of some
of the cold-adapted species of the Ice Age,” Wang says. —Susan Milius &)

major marine nutrient cycles and mas-
sive volcanic eruptions.

Using acomputer model developed at
the University of Victoria, Montenegro
and colleagues set up nine hypothetical
worlds — mixing and matching possible
continental arrangements, seafloor
topographies and levels of atmospheric
carbon dioxide. Then the researchers
fired up the model and watched how
carbon flowed through the ocean and
atmosphere.

At atmospheric carbon dioxide lev-
els of 3,000 parts per million — roughly
10 times modern preindustrial levels
— much of the gas dissolved in seawa-
ter, forming carbonic acid and releasing
hydrogen ions. Acidity is measured on
the pH scale; the lower the number, the
more acidic the waters. Today’s oceans
have a pH of around 8.1; those in the
modeled end-Permian world dropped
to around 7.3 near the equator and
7.1 near the poles. That level would have
made it hard for many marine organisms
to use calcium carbonate to build protec-
tive shells, Montenegro says.

Today’s oceans also are growing more
acidicbecause of carbon dioxide belched
into the atmosphere by fossil fuel burn-
ing and other sources. Back then, most
of the gas probably came from huge
volcanic eruptions in Siberia.

How quickly carbon dioxide built up
in the atmosphere would have affected
how acidic the ocean got, says Jonathan
Payne, a paleobiologist at Stanford Uni-
versity. If gas concentrations increased
quickly, he says, “then this model may
be a reasonable representation of how
climate was changing at the time.” If gas
built up slowly, the oceans may have been
able to buffer the change in other ways.

But the model doesn’t include factors
such as carbon that weathered off land
surfaces and into oceans —an important
player in the carbon cycle, says modeler
Lee Kump of Pennsylvania State Univer-
sity in University Park. Including such
effects, he says, could better show how
life’s worst extinction came to pass. B
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Earthly riches may be heaven-sent

Meteorites possibly peppered planet with precious metals

By Devin Powell

A meteorite maelstrom that pummeled
Earth and pocked the moon with craters
billions of years ago may have had a sil-
ver lining — and linings made of other
metals, too.

New evidence from old rocks suggests
that many of the precious metals mined
today were delivered to the planet by
stony meteorites called chondrites in a
bombardment that lasted for hundreds
of millions of years.

“Adding a tiny amount of chondritic
material could explain where many pres-
ent-day metals came from,” says Matthias
Willbold, a geochemist at the University
of Bristol in England, whose team reports
the findings in the Sept. 8 Nature.

Within 50 million years of Earth’s for-
mation, much of its iron sank to the mid-
dle to form the core. Gold, platinum and
some other precious metals followed.

Searching for a source that could have
later replenished these metals, Willbold
and colleagueslooked for different forms,
known as isotopes, of the metal tungsten
in rocks from the 3.8-billion-year-old
Isua greenstone belt in Greenland. The
belt probably formed before the massive
influx of meteorites that geologists call
the late heavy bombardment.

Compared with the Greenland speci-
mens, newer rocks contain lower ratios
of light tungsten to standard tungsten,
the team found. Chondritic meteorites
don’t have much of the lighter tung-
sten-182 compared with Earth’s mantle,

Meteorites that pummeled Earth
billions of years ago may have depos-
ited the precious metals mined today.

so meteorites mixed into the mantle over
geologic timescales could have diluted
Earth’s younger rocks. The amount of
incoming material needed to explain
the tungsten discrepancy would bring
enough metals to the planet to account
for the quantities of those elements
observed today, says Willbold. @)
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Willpower may
be a lifelong trait

Tots’ capacity to postpone
gratification lasts decades

By Laura Sanders

Forty years after succumbing to a
mouthwatering marshmallow as a child,
middle-aged adults still have a hard time
resisting temptation, a new study finds.
The results, published in the Sept. 6
Proceedings of the National Academy of
Sciences, suggest that willpower is stable
over a person’s lifetime.
“I'mimpressed,” says psychologist and
neuroscientist Bernd Figner of Columbia
University, who wasn’t involved in the
experiments. “Itreallyis aunique study.”
The experiment began in the late

1960s at Stanford University’s Bing
Nursery School, where more than
500 4-year-olds were given the dreaded
“marshmallow test.” The preschoolers
sat in a room with only a sweet, gooey
marshmallow to keep them company.
A child could eat the single marshmal-
low or hold out for 15 minutes to get two.
Some kids couldn’t resist and gobbled
the treat quickly, while others held out
and doubled their reward.

Study coauthor B.J. Casey of Weill
Cornell Medical College in New York
City and her colleagues wanted to know
whether the holdouts displayed the
same kind of willpower 40 years later.

Fifty-nine of the original sub-
jects —now in their mid-40s — came
back for more tests. This time around,
researchers tested willpower in a differ-
ent way: Instead of a marshmallow, the
researchers used feel-good pictures of

smiling faces. “We’ve learned through-
out life that smiling faces are good
things,” Casey says.

Participants were asked to press a
button whenever they saw a particular
face. The targets flashed frequently, and
people grew accustomed to mashing the
button quickly. But every so often, a smil-
ing face they were meant to ignore came
into the mix, forcing the participant to
squelch the desire to push the button.

People who let the marshmallow get
the better of them as children had a
harder time curbing their impulse to
push the button than the adults who held
out against the marshmallow as kids, the
team found.

Brain scans of 26 participants revealed
that activity in part of the brain’s frontal
lobe —a region known to be important
for exerting control —was associated
with temptation resistance. €)

Oldest hand axes discovered

African finds offer glimpse of early toolmaking complexity

By Bruce Bower

East Africahasyielded the oldest known
stone hand axes and picks, examples
of what researchers call the Acheu-
lian industry. Acheulian implements
unearthed at Kenya’s Kokiselei site
date to 1.76 million years ago, slightly
older than previous finds, say geologist

A stone hand ax
(shown from dif-
ferent angles)
dating to 1.76
million years ago

comes from the
earliest known
culture to have
made such imple-
ments.

Christopher Lepre of Rutgers University
and his colleagues. The carefully shaped,
double-edged hand axes and picks lay
among much simpler tools — sharp
flakes pounded off stones, the scientists
report in the Sept. 1 Nature.

These finds underscore suspicions
that earlier tools known as the Oldowan
industry did not get supplanted by

hand-ax making, Lepre says. Homo
erectus, a possible direct ancestor of
modern humans, made Acheulian tools
and perhaps Oldowan ones as well at
Kokiselei, his team suggests.

“If Acheulian tools gave hominids an
edge in Africa, then perhaps groups lack-
ing that technology were forced to find
resources elsewhere,” Lepre says.

In line with that proposal, other
researchers have unearthed H. erectus
fossils at Dmanisi, a West Asian site as
old as Kokiselei, along with simple chop-
ping stones, but no hand axes. It remains
unsettled whether H. erectus, which first
appeared around 2 million years ago,
evolved in Africa or Asia.

Some sets of Oldowan and Acheulian
artifacts look very similar, implying that
the same hominid species could have
produced both tool types, says Naama
Goren-Inbar of the Hebrew University
of Jerusalem.

Fossils are needed to confirm that
H. erectus made both kinds of imple-
ments at Kokiselei, says John Shea of
Stony Brook University in New York. &)
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Humans benefited by interbreeding NN

Important immune system DNA came from Neandertals

By Rachel Ehrenberg

Sleeping around can expose you to dis-
eases, but, atleast in the course of human
evolution, it may help you fight ’em.
New research suggests that thousands
of years ago humans acquired impor-
tant immune system genes via liaisons
with some of our extinct hominid cous-
ins, the Neandertals and
Denisovans. These dalli-
ances may have allowed
modern humans to persist
in regions where unfamil-
iar pathogens may have
otherwise killed them.
Many modern human
populations appear to
have the same versions of
certain immune system
genes found in those archaic relatives,
a team of researchers reports online
August 25 in Science. The Neandertal and
Denisovan versions are most prevalentin
modern populations in Europe and Asia.
Because modern African populations
harbor little to none of these archaic
gene variants, the discovery suggests that
humans acquired them after heading out
of Africa and running into Neandertals
and Denisovans in Europe and Asia.
“It’s amazing stuff,” says Daniel
Geraghty, a specialist in genetics and
immunology at the Fred Hutchinson
Cancer Research Center in Seattle.
“They have done a really great job of
weaving together facts to come up with a
very plausible and very powerful story of
what might have happened to the human
species as it expanded out of Africa.”
Previous research suggested that
humans were interbreeding with both
Neandertals and Denisovans, a closely
related species known from a fossil
finger bone found in a Siberian cave.
Modern Eurasian genomes contain up to
4 percent Neandertal DNA, and the DNA

The results
indicate
that humans
were definitely
producing
offspring with
Neandertals and
Denisovans.

of Melanesians of Papua New Guinea is
4 to 6 percent Denisovan (SN: 6/5/10,
p. 5:SN: 1/15/11, p. 10).

Laurent Abi-Rached of Stanford Uni-
versity School of Medicine and colleagues
decided to home in on three particular
immune system genes called HLA genes,
which help the body recognize foreign,
potentially dangerous invaders. HLA
matches in donors and
recipients are crucial for
organ transplants.

Using the genetic blue-
prints of three Neander-
tals, the one Denisovan
and present-day genetic
information from bone
marrow/stem cell donor
registries, the researchers
compared the frequencies
of various versions of the HLA genes.
Computer simulations assessed whether
the observed frequencies were unusual.

The results indicate that humans
were definitely producing offspring
with Neandertals and Denisovans.
In some instances those offspring
acquired archaic versions of the genes
that imparted such a benefit that they
eventually became widespread. One
Denisovan version of an HLA gene, for
example, seems to be present in 50 to
60 percent of people in China and Papua
New Guinea.

Experts in evolution and genetics say
the results are exciting but urge caution
ininterpreting the data. Because immune
system genes would be subject to intense
selection —having the wrong ones would
be fatal —it isn’t clear exactly what
factors shaped the present-day genetic
patterns, says David Reich of Harvard
Medical School and the Broad Institute
in Cambridge, Mass. Reich was a lead
researcher on the previous studies that
unraveled the genomes of Neandertals
and the Denisovan. B

Sole evidence

Most criminals know to avoid
leaving fingerprints at a crime
scene, but soon footprints may
also be a dead give-away. Rather
than signature ridges, the sole
of the foot has an identifiable
pressure signature that can be
used to identify someone with
99 percent accuracy, an analysis
of 104 individuals reveals. The
new work examined only barefoot
walkers; how shoes and different
gaits might alter patterns isn’t
clear. But the data are now easy
to analyze, an international team
reports online September 7 in the
Journal of the Royal Society Inter-
face, and foot-pressure devices
are easy to install, so there may
a future role for the identification
technique in the security realm.
—Rachel Ehrenberg

Breast-feeding gives women
an edge

Mothers’ milk has a mean streak.
Breast-feeding mothers act far
more antagonistically toward a
competitor in a lab task than
bottle-feeding mothers or women
who have never given birth do, say
UCLA psychologist Jennifer Hahn-
Holbrook and her colleagues. Like
mama bears and other lactating
mammals, breast-feeding moms
are biologically primed to protect
themselves and their babies, the
researchers propose online August
26 in Psychological Science. In the
lab test, lactating women delivered
what they thought were especially
long and loud sound blasts to
vanquished opponents in another
room, yet exhibited lower blood
pressure while doing so than other
women did. —Bruce Bower
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Saffron fights
liver cancer

Yellow spice inhibits key
cell-proliferation proteins

Harvested from the Crocus sativus flower (shown), saffron stifles liver cancer’s
growth in rats and even inhibits the proliferation of human liver cancer cells.

By Nathan Seppa

Best known as a food seasoning and dye,
saffron can also stifle liver cancerin rats,
tests show. In a paper in the September
Hepatology, researchers report that the
spice suppresses a slew of known cancer-
related compounds and boosts several
beneficial ones.

Saffron is an expensive spice made
from the Crocus sativus flower. Past
studies have hinted that it has bene-
fits against depression, inflammation,
memory loss and as an antioxidant.
Studies in animals and in human cells
have even suggested that saffron can
inhibit certain cancers. “But the exact
mechanism of the anticancer effect
of saffron is unclear,” says Amr Amin,
a molecular biologist at United Arab
Emirates University in Al-Ain.

Brain stents don’t decrease strokes

Rates of death, repeat events higher after implant procedure

By Nathan Seppa

Threading a catheter up into the brain
and inserting a device that widens a
dangerously narrowed artery might do
more harm than good in some patients
at risk of stroke. An aggressive course of
medications alone appears to be safer,
researchers report in the Sept. 15 New
England Journal of Medicine.

Mesh cylinders called stents have
offered cardiologists an approach to
opening clogged coronary arteries
that is less invasive than surgery. Now
researchers are using a new genera-
tion of tiny stents to tackle similarly
narrowed vessels in the brain. Federal
regulators approved a brain stent in
2005, and past studies have supported
stents’ effectiveness against stroke.

Researchers used the approved stent
in the new trial. The team enrolled
hundreds of patients at 50 hospitals
who had just survived a stroke or had a

transient ischemic attack, a kind of
stroke that clears up within a day, says
study coauthor Marc Chimowitz, a neu-
rologist at the Medical University of
South Carolina in Charleston. The aver-
age age of the patients was about 60.

Brain scans of these patients pin-
pointed an artery with buildup that
obstructed at least 70 percent of blood
flow. People with such bottlenecks are
at high risk of having a stroke, because
a blood clot may form at the narrowed
spot and block blood flow, or aloose clot
might get lodged at the pinch point. All
patients received clot-busting medi-
cines and drugs to lower cholesterol and
control blood pressure.

In addition to the drug regimen, half
the people were randomly assigned to
get a stent to widen the narrowed brain
artery. Study coordinators planned to
include about 760 patients in the study,
but recruitment was stopped after the
researchers had enrolled only 451.

Nearly 15 percent of patients getting
a stent died or experienced a stroke
within 30 days of joining the study. All
those strokes occurred within a week of
stent placement — often on the first day.
Of the patients getting medication only,
less than 6 percent died or had a stroke
within the first 30 days. After one year,
about 20 percent of the stent group and
12 percent of the drugs-only group had
died or had a stroke. The stented vessels
hemorrhaged in some cases.

Translating the success seen in coro-
nary arteries to fragile brain vessels has
been tricky. “It’s very attractive to think
that if you can make the vessel picture
look better, the patient will do better,”
says Walter Koroshetz, deputy director
of the National Institute of Neurological
Disorders and Stroke in Bethesda, Md.
“But it really has to be proven.”

Several companies make stents, and
ongoing studies may show whether the
devices can prevent strokes in some
people. “I don’t think the [stent] inter-
vention approach is dead,” Koroshetz
says, but brain surgeons will need better
stents that don’t damage vessels. B
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Fraction of patients getting
stents and drugs who died or
had a stroke within 30 days

14.7

percent

Fraction of patients on drug
therapy alone who died or
had a stroke within 30 days

5.8

percent

Although the spice has been used as a
folk remedy for centuries, only in recent
decades has its value been tested in the
laboratory. In the new study, Amin and
his colleagues fed saffron to 24 rats
daily for 24 weeks. Two weeks into the
regimen the researchers injected the
animals with diethylnitrosamine and
2-acetylaminofluorene, achemical com-
bination known to cause liver cancer.

Eight other rats getting a similar
injection combination received dis-
tilled water instead of saffron. Six of
them developed cancerous nodules on
the liver during the course of the study,
whereas only four of the 24 rats getting
saffron developed nodules. Of eight rats
that got the highest dose of saffron, none
developed any nodules.

Amin says his team chose to study
liver cancer because cancers that spread

from other organs, such as the colon or
breast, often end up there.

Saffron kept in check a cell-prolifer-
ation protein called Ki-67 and reduced
other compounds linked to liver dam-
age and oxidative stress. Oxidative stress
results from an imbalance between
unstable, reactive molecules called free
radicals and the antioxidants that sop
them up. This tilt can lead to aberrant
cell growth, a precursor to cancer, Amin
says. Levels of antioxidants, including
one called superoxide dismutase, were
restored in the rats getting saffron.

A separate series of tests on human
liver cancer cells showed that saffron
inhibits the action of key proteins —
NF-kappa B, interleukin-8 and tumor
necrosis factor receptor 1 — that contrib-
ute to cell proliferation and inflamma-
tion. Other evidence shows that saffron

switches on programmed cell death in
cancerous cells, a fail-safe mechanism
that is often shut down in cancer.

“This is very extensive work, and the
quality is very good,” says Tapas Saha, a
molecular biologist at the Georgetown
University Lombardi Comprehensive
Cancer Center in Washington, D.C.

ButSahasays that scaling up these find-
ings for treatments in people might be a
challenge. Saffron mustbe handpicked, he
notes, so the price remains high. “Saffron
issuch a costly material,” he says, “that it’s
very difficult to understand how it can be
adrug.”

Synthetic versions of the impor-
tant saffron components might be less
expensive. Amin says further research
may delineate those constituents.
Meanwhile, the team plans to test the
spice in liver cancer patients. B
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Data mining finds new disease links

Migraines and hair loss among unexpected connections

By Rachel Ehrenberg

Danish scientists have devised a new way
to connect the dots between diseases.
Integrating data mining that extracts
information from clinicians’ notes with
protein and genetic information can
reveal connections between health prob-
lems as seemingly unrelated as migraines
and hair loss, or glaucoma and a hunch-
ingback, researchers report August 25 in
PLoS Computational Biology.

Besides generating new leads about
the molecular workings of disease, the
approach is also revealing a much richer
portrait of each patient, says study
coauthor Seren Brunak of the Center for
Biological Sequence Analysis at the Tech-
nical University of Denmark in Lyngby
and the University of Copenhagen.

Using the World Health Organiza-
tion’s codes for classifying diseases,
researchers generated amap thatlinked

more than 4,700 patients at Denmark’s
largest psychiatric hospital by their diag-
noses. The team integrated these data
with information gleaned from a text-
mining algorithm that combed through
10 years’ worth of clinicians’ notes.

More than 800 pairs of health prob-
lems turned up more than twice as
often as expected by chance. Inves-
tigations into the genes and proteins
associated with some of these unusual
pairs revealed previously unknown
connections.

For example, the team identified nine
patients diagnosed with both migraine
and alopecia, or hair loss. The research-
ers discovered a potential cellular tar-
get of a protein that had already been
implicated in hair loss by investigating
the protein’s connection to migraines.
The scientists also realized that the
gluten allergy known as celiac disease
has been associated with hair loss and

A network depicting patient diagnoses
reveals connections between, for exam-
ple, diabetes (light orange, top) and
hypertension (dark green, top right).

migraines — and also has been linked to
schizophrenia.

Clinical notes are a huge source of
information, says Stéphane Meystre, a
specialist in biomedical informatics at
the University of Utah in Salt Lake City.
“This approach clusters information in
amuch more detailed way.” )

El Ninos may fuel
civil uprisings

Food prices, unemployment
may link climate to unrest

By Janet Raloff

One in five major civil conflicts since
1950 may be linked to climate extremes
associated with El Nifios — periods of
warming lasting a year or longer in sur-
face waters of the central equatorial
Pacific, a new study finds.

Solomon Hsiang of Princeton Uni-
versity and his coauthors at Columbia
University emphasize that they don’t
know what mechanism might link
ElNifnostoeruptionsof majorcivilunrest,
which the team defines as political dis-
putes between governments and other

organized parties that claim more than
25 lives. But, the group reports in the
Aug. 25 Nature, droughts, torrential
rains and other extreme weather that
tend to develop during El Nifio years
can devastate crop yields, leading to
higher food prices and unemployment
in affected nations — home to half of the
world’s population.

“I’'m one of those people who would
be generally skeptical about correlat-
ing things to climate,” says statistician
Andrew Solow of the Woods Hole Ocean-
ographic Institution in Massachusetts.
But the new finding makes sense, he
says: In poor countries where the econ-
omy is closely linked to agriculture —
and therefore the weather — failed
harvests and diminishing food supplies
can leave large numbers of people avail-
able to engage in civil uprisings.

Hsiang and his colleagues analyzed

234 civil conflicts that broke out within
175 nations between 1950 and 2004.
In any given year, the probability that
a new conflict would erupt among
the 90 or so nations whose climates
are vulnerable to El Nifo events was
4.1 percent. That’s twice the conflict
rate in countries largely immune to
El Nifo effects.

Yaneer Bar-Yam of the New England
Complex Systems Institute in Cam-
bridge, Mass., argues that the new study
is a good example “of the progress that
hasbeen made in understanding how we
can predict social behavior writ large.”
The correlation doesn’t prove that
El Nifio weather disruptions cause civil
unrest, he acknowledges. “But a properly
used and understood correlation is an
important tool for understanding inter-
dependencies in complex systems — and
the world around us.” @)
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Italian Doctor
Discovers Ancient
“Love Drug”

Now available without a prescription!
Call now and get 250 carats of rich,
gorgeous garnet—for UNDER $30!

Today if you want to learn about gemstones, you ask a
jeweler or geologist. But back in the 16th century, Italians
went to see the doctor. Respected men of science and medicine
believed that precious stones did more than just look pretty.
They believed the power of gems could cure almost anything.
And if you needed serious help in the romance department,
nothing worked better than garnet. Today you can get a
massive dose of the legendary gem for an unbelievable price. vl

for only g9 957

Call now and this stunning 250-Carat Garnet Garland A - i
Necklace, valued at $179, is yours for ONLY $29.95! = 1 {
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superstars of that volume was the deep-red garnet. Garnet was
adored by the Greeks and Romans. In the Middle Ages,
Bohemian craftsmen used it to create romantic treasures. Few
stones provoke more passion, fire and desire than glowing red
garnets. Today the heat still smolders.

Garnet Garland Collection
A. Necklace (250 ctw)—$179
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B. Earrings—$195~ $79
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Your love isn’t average. It deserves a remarkable necklace
at a ridiculous discount. We were all set to offer this 28" rope
necklace for $179. But the Italian doctor inspired us to give
garnets the big deal they deserved. After all, if a stone has been
said to “dissipate sadness, avert evil thoughts and exhilarate
the soul,” it begs for something special. If scholars once
thought that garnets could “bring sleep to the sleepless, drive
away the plague, and attract riches, glory, honor and great Call now to take advantage of this
wisdom,” why stop at ordinary? extremely limited offer.

That’s why, for the next four weeks only, you can wear this 4 : 1 '800"89 1 "7267

250-Carat Garnet Garland Necklace for the unbelievable Promotional Code GGN129-01
price of $29.95! That’s right, you get 250 carats for under Please mention this code when you call.
$30! The gorgeous necklace is an endless strand of polished L~ +Y IR Stauer has a Better Business
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to casual. Deep color. Sparkling. Seductive. Can the legendary Stauelm

love powers of garnet rev up your romance? We can'’t say for ¥

sure, but taking your medicine has never felt like more of 141&?’?‘2’81‘?;2[3% v

an indulgence! Burnsville, Minnesota 55337
‘Www.stauer.com

Your satisfaction is guaranteed. The crimson sparkle of
the Garnet Garland Necklace is something you really need
to see for yourself. If you're not completely delighted, simply
return it within 30 days for a complete refund of your
purchase price.
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- 250 ctw of genuine semi-precious garnet - Gold-layered clasp and French hooks
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The
Human brains evolved m I nd

to deal with doubt

umans live in a world of uncer-

tainty. A shadowy figure on

the sidewalk ahead could be a

friend or a mugger. By flooring
your car’s accelerator, you might beat the
train to the intersection, or maybe not.
Last week’s leftover kung pao chicken
could bring another night of gustatory
delight or gut agony.

People’s paltry senses can’t always
capture what’s real. Luckily, though, the
human brain is pretty good at playing
the odds. Thanks to the brain’s intui-
tive grasp of probabilities, it can handle
imperfect information with aplomb.

“Instead of trying to come up with an
answer to a question, the brain tries to
come up with a probability that a partic-
ular answer is correct,” says Alexandre
Pouget of the University of Rochester in
New York and the University of Geneva
in Switzerland. The range of possible
outcomes then guides the body’s actions.

A probability-based brain offers a
huge advantage in an uncertain world.
In mere seconds, the brain can solve (or
atleast offer a good guess for) a problem
that would take a computer an eternity
to figure out — such as whether to greet
the approaching stranger with pepper
spray or a hug.

A growing number of studies are illu-
minating how this certitude-eschewing
approach works, and how powerful it can
be. Principles of probability, researchers
are finding, may guide basic visual abili-
ties, such as estimating the tilt of lines or
finding targets hidden amid distractions.
Other behaviors, and even simple math,
may depend on similar number crunch-
ing, some scientists think.

And such advanced statistical reason-
ing does not require paying attention
in math class. New studies suggest that
1-year-olds are already tiny probabilistic
machines who, in many situations, assess

statistical input and perform optimally

with ease.

Studying the guesstimating brain
is a new enough endeavor that no one
yet knows how people developed such
computational abilities. Nor do scien-
tists know the precise brain machinery
behind the math.
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“We’re going to continue to try to
understand these processes,” says Eero
Simoncelli,a computational neuroscien-
tist at New York University. “It’s a long
road. It’s going to be many decades until
all of this gets worked out. But the prog-
ress is steady.”

Seeing and believing

‘When Pouget started studying the brain’s
computations two decades ago, nobody
thought that humans deal in probabili-
ties, he says. Back then, researchers
thought that if you want to catch a base-
ball, your brain computes the trajectory
and spits out an exact answer, telling
your body where to move the glove, he
says. “Today, we say, ‘No, if you have a
baseball flying at you, you compute the
probability of where it might be and then
you place your hand to maximize the
probability that you're going to catchit.””

This shift — from studying certitude
to probabilities —is largely based on the
work of Thomas Bayes, an 18th century
English clergyman. A claim is more reli-
able if initial beliefs are also included in
the assessment, Bayes proposed. And
these initial beliefs, known as “priors”
today, can be updated as more informa-
tion comes in, narrowing the range of
good solutions. At its heart, the concept
is simple: Learning from experience
leads to better predictions.

Take a doctor faced with a medical
mystery. A young boy comes into the
office with a slight fever, a headache
and joint pain, symptoms that could be
caused by a garden-variety cold or the
more nefarious Lyme disease. With no
additional information, the doctor might
as well flip a coin. But armed with key
pieces of information — medical school

tidbits and knowledge of whether the
boy played in tick-teeming woods, for
instance — the physician can come up
with a solid diagnosis.

Though the value of considering priors
is still a matter of dispute in the statis-
tics community (SN: 3/27/10, p. 26), the
brain is chock-full of them. And humans
constantly mediate a tug-of-war between
those priors and current evidence.

By showing how assumptions can lead
people astray, a new study highlights
how heavily the brain leans on priors.
Psychologist and computer scientist
Ahna Girshick of the University of Cali-
fornia, Berkeley, along with Simoncelli
and another colleague, recently asked
people to assess the relative tilts of sets
of fuzzylines on acomputer screen. The
task is like trying to say which way, on
average, a handful of dropped tooth-
picks point.

The volunteers’ performance sug-
gested that they thought the lines were
more aligned with the horizontal or ver-
tical axes than they actually were, the
team reported in the July Nature Neuro-
science. That assumption may exist for
a very simple reason, says Girshick. “In
nature you see these very strong verti-
cals because of trees, and you also see
horizon lines and flat surfaces to walk
on,” she says. “We’ve all been raised on
planet Earth, and there are mathemati-
cal structures to the world around us that
you can measure.”

What’s more, the researchers could
strengthen the misperception by chang-
ing the conditions: When the arrays of
lines varied more, people showed an
even greater bias toward the horizontal or
vertical directions. Greater doubtled to a
stronger reliance on preconceived ideas.

Scientists don’t yet know what physi-
cal hardware in the brain might be per-
forming such Bayesian reasoning, but
simulations suggest variations in nerve
cell behavior might be responsible for
these seemingly complex calculations. “It
seems like sophisticated math,” Girshick
says. “But it could be quite simple.”

Some nerve cells respond strongly to
horizontal or vertical lines, while oth-
ers don’t give those orientations special
attention. “You get this Bayesian-like
behavior simply by the fact that you
have this nonuniformity in the brain,”
Girshick says.

Bomb amid batteries

As any airport security screener knows,
spotting a bomb among a steady stream
of computer batteries, alarm clocks and
blow-dryers is notoriously difficult.
But in the case of this visual challenge,
called avisual search, the Bayesian brain
appears to perform surprisingly well.

Given the incomplete information
that humans get from their retinas, peo-
ple’s visual search skills are remarkable,
Pouget says.

“Visual search happens absolutely all
the time,” he says. “We thought this is
exactly the kind of task where a proba-
bilistic approach would be great.” In a
recent study, he and his team had par-
ticipants watch a computer screen for a
quick flash of a target — a previously seen
line tilted at a particular angle. On the
screen, this line was surrounded by dis-
tracting objects. Participants reported
whether the target was there or not, and
how confident they were in the answer.

When the target blended in with the
background and the distracters were
nice and bright, people grew worse at

Bayesian-based brains Though they don’t yet have a clear idea of how the brain does the calculations needed to compute probabilities

Environment

True angle
Lines in a land-
scape appear
at a range of
specific angles.

>

Noise

The visual system
isn’t perfect; distor-
tions, or “noise,”
are introduced.

Measured angle
This noise
influences an
observer’s visual
measurement.

based on built-in assumptions, scientists do have some sense of the steps involved in encoding and decoding an environmental stimulus.

-
7

Decoder

Some function that
considers built-in
assumptions is
applied.

Estimated angle
Bias toward
vertical/horizontal
lines affects the
final estimate.
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recognizing the target, assuming that
it was simply not there. But they grew
worse in a very particular way. People’s
behavior closely mirrored what Bayes-
ian math predicted, the team reported
in the June issue of Nature Neuroscience.

“Avisual search starts involving pretty
complicated mathematics,” Pouget says.
Yet in the study, the human subjects
were “as good as they could possibly be.”

Now the team is wondering just how
good humans’ Bayesian thinking can get.
“The lab is on a quest to find out, ‘OK,
where do we break down? How much
complexity do we have to put in the task
before we can no longer come up with
the optimal solution?’” Pouget says.
“And so far we haven’t found where that
boundary is.”

Psychologist Wilson Geisler of the
University of Texas at Austin prefers an
approach that starts with the outside
world. His team uses carefully calibrated
cameras to capture a scene and range-
finders to measure the distance from the

cameras to each point in the scene and
the brightness of the light coming from
each of those pixels. These tools allow
the researchers to construct an exact
mathematical description of the natu-
ral world.

“We try to measure the actual 3-D
world, and then we try to learn how you
would estimate the shape or distance of
anobject,” Geisler says. With this precise
mathematical description of the world,
Geisler then builds a theoretical tool that
mimics the behavior of a perfect Bayes-
ian-thinking human inhabiting that
world — an “ideal Bayesian observer.”

By comparing flesh-and-blood
humans against this “ideal observer,”
Geisler and his colleagues are getting a
sense of how people stack up. They are
“almost perfect,” Geisler says. But before
cockiness sets in, Geisler points out
that in these studies perfection doesn’t
mean always being correct. For instance,
people judging whether two patches of
green behind a mushroom belonged to

Optimal performers Study participants who were shown intact or distorted patches of leaf
images (top panel), and were asked to determine whether the patches came from the same leaf
or different leaves, performed nearly as well as an ideal Bayesian observer (gray line in graphs).
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the same leaf or different ones would get
worse at the task as the mushroom grew
bigger and hid more of the scene. Unreli-
able information leads people astray in a
way that Bayesian math predicts.

In a study published last year in the
Journal of Vision, Geisler and colleagues
showed participants close-up pictures of
leaves photographed at a nearby botan-
ical garden. People’s performance at
distinguishing two overlapping leaves in
patches from a two-dimensional image
mirrored the performance of an ideal
observer. Participants seemed to oper-
ate with existing knowledge of how to
visually unjumble a pile of leaves.

In away, it’s self-evident that humans
rely on existing knowledge. A brain that
didn’t rely on its experiences would be a
pretty pathetic brain. “You could argue
thatit would be alittle strange if we were
bad at it,” Geisler says. “It’s something
that we have enormous experience with,
evolutionarily. The same problem has
been there for a billion years. But none-
theless, the statistics are complicated.”

Parsing these statistics isn’t just a
task for the visual system. So far, some
scientists have turned up hints that
movements, smells, hearing, cognition
and the ability to perform easy addition
problems may be based on Bayesian
techniques. And these abilities might be
present well before a child learns 2 + 2.

A’s, Bayes, C’s
By studying babies and young children,
scientists can test whether probabi-
listic reasoning is present before life
experiences begin sculpting the mind.
Babies haven’t been alive long enough
to develop strong beliefs about how the
world works. If babies act Bayesian, then
they may have been born that way.
Sixteen-month-olds can make cor-
rect assumptions when faced with
complicated data, cognitive scientists
Laura Schulz and Hyowon Gweon of
MIT reported June 24 in Science (SN
Online: 6/28/11). In the study, babies
watched as experimenters pressed a
button on a toy, causing music to play. In
some cases, the toy worked beautifully
the first time each experimenter pushed
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Baby rationale Babies can think in probabilistic ways. After seeing two researchers both
succeed and fail in using a sound-making toy, a baby who then fails with the same toy is likely
to think the toy is faulty and tends to go for another (below, left). But when one researcher
fails and a second succeeds, the baby more often takes the blame and asks for help (right).

SOURCE: H. GWEON AND L. SCHULZ/SCIENCE 2011
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the button, but fritzed out the next time.
This created the semblance of a faulty
toy. In other cases, the toy worked well
for one experimenter but never worked
for another, suggesting that the toy was
fine but the second experimenter was a
poor operator.

When the babies were handed the
toy that seemed like it was faulty, they
quickly reached for a different toy. But
when the babies thought they them-
selves might be to blame (when they
witnessed the second experimenter fail
with the toy and then they failed them-
selves), they handed the toy to a nearby
parent in a plea for help.

By assessing others’ toy travails and
applying that knowledge to their current
problem, babies displayed very sophisti-
cated reasoning, Schulz says. “As early as
we can test, babies are using things that
are consistent with probabilistic mod-
els,” she says. “Babies are sensitive to the
statistics of the environment.”

Instead oflooking for signs of probabi-
listic reasoning in young humans, some
scientists are looking for signs in other
species. A recent study in owls suggests
that aspects of their brains also follow
Bayesian rules.

Though owls are admirable hunters,
they typically don’t hear sounds that
come from areas in the periphery as
well as sounds coming from the front.
To explain this deficit, Brian Fischer of
Ecole Normale Supérieure in Paris and
José Luis Pefa of the Albert Einstein
College of Medicine in the Bronx, N.Y,,
turned to Bayesian math.

The team devised a statistical model

of auditory processes with the assump-
tion that owls may have evolved to assign
less importance to signals coming from
the periphery because hunting some-
thing at their backs might be too costly.
A turning motion might scare prey away,
for instance. In tests, Bayesian models
closely predicted this actual owl behav-
ior, the researchers reported in the
August Nature Neuroscience.

In the owl’s auditory system, this
bias toward hearing objects right in
front may come preinstalled. Likewise,
babies may be hardwired to quickly
infer whether they are to blame for a
nonworking toy.

Where, when and how these pieces
of prior knowledge get filed away in the
brain is still a mystery. Some scientists
think priors —and the ability to use
them — were built into brains over the
course of evolution.

“Biological systems are not acciden-
tal,” Simoncelli says. “We believe that
evolution shaped them, and shaped
them to be good at what they do. And we
have alot of evidence that that’s true.”

‘Prior’engineering

Whether or not evolution designed
Bayesian brains, some of those very
brains are now intent on passing their
Bayesian abilities on. Trained as an
engineer, Simoncelli says that the same
principles at work in the brain could be
incredibly useful elsewhere. “My belief
is that when we finally figure out how
some of these circuits operate in brains
in order to accomplish these feats, we’re
going to change engineering,” he says.

“We’re going to revolutionize the way
we think about designing systems.”

Many of today’s robots, for example,
excel at precise tasks but are totally
inflexible. Robots that install windshields
on new cars perform the job flawlessly
each and every time. “We can make that
robotbe fantastically good at putting that
windshield on,” Simoncellisays. “They’re
beautifully engineered systems.” But
those paragons of windshield installa-
tion would have a complete meltdown
if they were handed a glass sheet of the
wrong size. A similar robot based on the
human brain, though, might easily adapt
to changing circumstances and even file
away some priors of its own.

Nerve cells exhibit enormous flex-
ibility. Constantly readjusting to input,
interacting with neighbors and changing
firing rates can lead to incredible adapt-
ability, a prerequisite for Bayesian learn-
ing, Simoncelli says. The more scientists
understand about nerve cell function,
“the more we find they’re not fixed, dedi-
cated devices that operate the same way
throughout your lifetime,” he says.

Cracking the brain’s Bayesian oper-
ating system might lead to a new set of
engineering principles. “We don’t know
how to engineer systems that are more
flexible, and we don’t know how the
brain works. And we’re going to figure
both those things out,” Simoncelli says.
“And I believe that we're going todoitat
the same time.” W

Explore more
B For Alexandre Pouget’s papers: www.
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Alien-life hunters

focus on moons in
outer solar system
By Nadia Drake

he solar system’s spotted bully
and its ringed sidekick are hold-
ing some tantalizing treasures
in their gravitational clutches.
Circling Jupiter and Saturn are more
than a hundred moons, including some
ofthe most promising hosts for extrater-
restrial life in the solar system.
Butnotevery one of these moonsis an
equal opportunity extraterrestrial petri
dish. Scientists are now debating which
might be best for alife-seeking mission.
Their attention is focused on a frozen
trio: Titan, Enceladus and Europa.
For centuries, these satellites appeared
in the sky as mere points of light. Now,

the three moony musketeers have per-
sonalities. Enormous Titan is exotic, the
home of hydrocarbon lakes and a thick
atmosphere. Tiny Enceladus spits salty
water into the void around Saturn. And
deceptively placid, ice-crusted Europa
probably hosts a sloshing ocean so deep
it tickles the moon’s rocky mantle.

Scientists don’t expect to find Euro-
pan plesiosaurs or Titanian redwoods,
of course. But some experts think these
moons may be the best chance for turn-
ing up tiny, animated microbes — or at
least their footprints.

“It’sworth noting that the three stron-
gest candidates are all in the outer solar
system,” says Alan Stern of the South-
west Research Institute in Boulder,
Colo. Indeed, these far-flung worlds
might even trump Earth’s nearest plan-
etary neighbors. “The inner planets are
not such good candidates. Venus, Mer-
cury —not even on the list. Mars? Not as
high as these three.”

Deciding which of the three worlds
to visit isn’t exactly spawning a knock-
down, drag-out fistfight, but some
scientists have their favorites. Such
preferences are based on characteris-
tics thought to make a habitat friendly to
familiar — or unfamiliar — flavors of life.

“When we search for life beyond
Earth, I think there are four things we
need to look for,” says Chris McKay of
NASA’s Ames Research Center in Moun-
tain View, Calif. First, he says, is liquid
water. “That’s always the starting point.”
Second, organic material, which means
carbon-containing compounds. “Water
is what life lives in; organic material is
what it’s made of.” Third is nitrogen.
“You can think of it as the secret ingre-
dient. You've got to add that to make the

Some scientists rank the Saturnian
moon Enceladus as the best place
in the solar system to go looking for
alien life-forms.
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organic material biological. It’s probably
the most important atom after carbon,”
McKay says. And last, an energy source.
“Something to eat. Sunlight if you live
near the surface. Chemical energyifnot.”

As scientists learn more about how
each moon satisfies these requirements,
mission preferences are continually
reshaped.

“Five years ago, Europa’s star was
pretty high, Titan’s was rising and we
barely knew that Enceladus would be
important and on this all-star list,”
remarks Stern, who says he would be
surprised if none of these moons hosted
alien life. “I don’t think it matters which
ofthese three worlds we find it on. Wher-
ever we find life, it will open up a very
rich scientific vein.”

Water wonder
Some scientists think that vein runs
beneath Europa’s icy crust.

Four centuries ago, in 1610, Galileo
Galilei peered through a telescope in
Padua, Italy, and spied four moons orbit-
ing Jupiter. Included among them was
the water world now known as Europa.
At about 3,120 kilometers in diameter,
Europa is the runt of the Galilean satel-
lites, slightly smaller than Earth’s moon.

Yet this runt has been astrobiology’s
it-moon since scientists found evidence
more than a decade ago for a deep, lig-
uid water ocean underlying its icy sur-
face. Constructed somewhat like a candy
cordial with a smooth chocolate outer
layer, liquid interior and crunchy core,
Europahas aroughly 10-kilometer-thick
crust of ice with what scientists believe
is a 160-kilometer-deep ocean sloshing
beneath.

The ocean probably sweeps up min-
erals from the moon’s mantle, minerals
necessary for the building blocks of life
to form, says planetary scientist Robert
Pappalardo of NASA’s Jet Propulsion
Laboratory in Pasadena, Calif.

“If we’'ve learned anything about life
on Earth, it’s that wherever you find
water, you find life,” says planetary sci-
entist Kevin Hand, also of JPL. “So we
follow the water, and Europa is where
the wateris.”

Chris McKay of NASA's Ames Research Center says three
outer solar system moons (below, not to scale) are prime candidates for alien
life because they fulfill some of the key criteria for habitability: liquid water,
organics (aka carbon-containing compounds), nitrogen and an energy source.

Europa ® Titan
Water is abundant on Europa in
the form of an ocean sloshing
beneath the icy crust. Scientists
don’t yet know whether nitrogen
or organics are present, but
some think hydrothermal vents
might erupt from the seafloor
and power life.

The surface of Titan sits
beneath a thick, nitrogen-
containing atmosphere and

is soaked in organic hydro-
carbons, which could serve as
an energy source. Whether a
water ocean lurks deep under-
ground is not yet known.

® WATER
ORGANICS
NITROGEN
ENERGY

Enceladus ®

Water, organics and nitrogen
pour into space from the sat-
ellite’s geysers, which require
an energy source for fuel.
Still, scientists aren’t sure
whether liquid water has been
around long enough for life to
evolve on the tiny moon.

In addition to that salty ocean, scien-
tists suspect that Europa has a tenuous
oxygen atmosphere, produced when
charged particles from Jupiter’s magne-
tosphere strike the moon’s icy surface.
Though these processes make the sur-
face inhospitable to life, oxygen could
now be saturating the Europan sea and
powering life-forms swimming in the
abyss, says planetary scientist Richard
Greenberg of the University of Arizona
in Tucson.

Greenberg recently estimated how
long it would take for oxygen to sink
through the ice into the Europan soup,
once the top few centimeters were
saturated. He reported last year in
Astrobiology that it could be an almost
2-billion-year journey from the surface
to the inner salty sea. That time lag fol-
lowing the moon’s formation could give
aquatic life a chance to develop while
shielded from potentially damaging oxy-
gen, just as life on Earth developed free
of oxygen for its first billion years.

“Life could get going during those
2 billion years, and it could form pro-
tective structures like cells,” Greenberg
says. Now, it’s possible for microorgan-
isms —and even more complex life-
forms — to use that oxygen as energy,
he says.

Hand thinks simple life-forms are

more probable, because sulfur com-
pounds appear to be abundant on
Europaand microbial life can exist quite
happily on sulfur-based fuel.

Punching through the icy rind to
access either type of organism would
be a tricky task for an unmanned vehi-
cle of the kind that might visit Europa.
But some scientists think that the
moon’s juicy innards might be spurting
through cracks, carrying some signature
of life beneath (if not the life itself). The
luminous white surface is smeared with
dark red, possibly sulfur-rich deposits
that could be by-products of microbial
metabolism, Pappalardo says.

The surface ice at Borup Fiord Pass,
on Ellesmere Island in the Canadian
High Arctic, has similar sulfur streaks.
In Geobiology in July, Pappalardo, JPL’s
Dambhnait Gleeson and colleagues iden-
tified a community of microbes living at
the deposits, suggesting that the smears
are the result of sulfur-oxidizing metab-
olism by the microbes.

Now, the team is working on identify-
ing markers that would distinguish bio-
logical activity from mineral processes
that could also produce the discolor-
ations — and thinking about ways to
remotely detect such differences, since
Europa’s harsh conditions mean a space-
craft couldn’t stickaround there for long.
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Otherworldly option

Whether the second criterion for life,
organic material, exists on Europa is a
big question mark. But another candi-
date moon, Titan, is soaked in it.

Dutch astronomer Christiaan Huygens
glimpsed Titan orbiting Jupiter’s ringed
neighbor, Saturn, in 1655. As its name
implies, Titan is big — roughly 5,150 kilo-
meters in diameter, larger than Earth’s
moon or the planet Mercury. Images of
Titan at first just showed a blurry, orange-
blue edge, the fluffy footprint of its thick,
nitrogen-rich atmosphere.

It wasn’t until the appropriately
named Huygens probe descended to
Titan’s surface in January 2005 that
astronomers could directly glimpse the
veiled moon’s surface. And it kind of
looked like home, on a hazy day.

Aside from Earth, Titan is the only
body in the solar system known to have
stable liquids on its surface, in the form
of streams and seas. The landscape
looks so similar that some research-
ers think Titan could be a gold mine for
clues about Earth’s early history. “We
can learn about the evolution of organic
chemistry, which is presumably part of
the process that led to life on Earth,”
says planetary scientist Ralph Lorenz of
Johns Hopkins University.

Titan’s surface lakes are not bodies
of water, though. Instead, they’re filled
with methane and ethane, hydrocarbons
that behave differently from water mol-
ecules. Normally gases on Earth, these
compounds are liquid at Titan’s surface
temperature of -180° Celsius.

Anditrainson Titan. Dense clouds sea-
sonally sprinkle the moon with methane,
scientists reported in March in Science,
raining down upon a surface character-
ized by modest mountains, dunes resem-
bling asphalt and rocks made of water-ice.

“It’s an organic chemist’s dream, but
not necessarily a biologist’s dream,”
Hand says.

Still, Titan could host its own brand of
surface inhabitants based on hydrocar-
bons, with biochemistries very different
from those on Earth. “Titan is where you
goifyou’re looking for weird life,” he says.

A Titan mission in the planning stages

would look for at least the beginnings of
any such life. After splashing down in a
100,000-square-kilometer hydrocarbon
lake called Ligeia Mare, the Titan Mare
Explorer would seek out large, complex
assemblages of organic molecules, com-
pounds that might form into single amino
acids or proteinlike structures.

Sailing the methane lakes of Titan cap-
tures “a little bit of the romanticism of
ships exploring Earth’s ancient seas,” says
astrobiologist Dirk Schulze-Makuch of
Washington State University in Pullman.

Of the chance of finding life on Titan,
“I'would say it’s probably 50-50,” he says.

Scientists don’t know enough about
how life evolved on Earth to rule out the
possibility of a hydrocarbon-based life-
form, though attempting to detect such
critters could be a challenge. “We have to
be very open-minded and creative here,”
Schulze-Makuch says. “If life exists, how
itlooks and how it interacts with the envi-
ronment, that could all be very different.”

While some scientists suggest Titan

Sulfur streaks Red streaks visible on
Europa’s surface (bottom) may be akin to yellow
streaks currently under study in the Canadian
High Arctic (top). The Arctic streaks are rich in
sulfur and may be produced by a community
of microbes living nearby. Scientists are now
looking for remote markers of such life.

might host a deep, water ocean with
aqueous ammonia tens of kilometers
below the crust, such a pocket of liquid
can’t be sailed and any more-familiar
forms oflife residing there would be basi-
cally inaccessible to any space probes.

Superfecta satellite

The salty water reservoir stirring
beneath Enceladus’ surface, though, is
known to shoot samples into the void
around Saturn.

In 1789, more than a century after
Titan’s discovery, Saturn’s tiny moon
Enceladus first glimmered through
William Herschel’s lens. But no one real-
ized it was a giant water fountain until the
Cassini spacecraft dropped in for a visit,
snapping some astonishing pictures.

In 2005, Cassini swung by the Satur-
nian moon — only 500 kilometers
across —and observed plumes of mate-
rial erupting from its south pole. When
Cassini imaging team leader Carolyn
Porco first saw the jets, she says, she felt
“a strong sense of kinship with those
long ago who first set eyes on the gey-
sering turmoil of Yellowstone.”

The plumes are enormous geysers
spewing icy water and salty particles
hundreds of kilometers into space. The
moon-spit is loaded with organic mate-
rial and not only forms one of Saturn’s
fainter rings, the E ring, but also rains
down on the planet. Enceladus is the
only moon in the solar system known to
influence its planet’s chemistry. Its con-
tribution solves the mystery of where
the water in Saturn’s upper atmosphere
comes from, scientists reported in the
August 2011 Astronomy & Astrophysics.

“The plumes are, in my opinion, the
most spectacular dynamic phenomenon
we’ve discovered at Saturn, and one with
the most profound implications,” says
Porco, of the Space Science Institute in
Boulder, Colo.

Now, scientists think the reservoir
beneath Enceladus’ icy crust feeds the
plumes, as suggested by Frank Postberg
of Heidelberg University and colleagues
in the June 30 Nature. If such a reservoir
is the source of the plumes, liquid water
must exist beneath the crust.
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Moonbound missions

Scientists have a few proposals for getting up close and
personal with any life that may be lurking on an outer solar
system moon. The Titan Mare Explorer, in the running with
three other Discovery class missions for approval in 2012,
would splash down in one of Titan’s hydrocarbon lakes and
sail the planet’s seas to learn more about its chemistry.
Another one of Saturn’s moons, Enceladus, could be the
future destination of a mission aptly named “LIFE” for “Life
Investigation For Enceladus.” During a flyby costing less
than $500 million, the craft would collect samples from

Porco says salt concentrations in the
plume hint at a reservoir in contact
with rock, which means the same kinds
of chemical reactions that take place on
Earth (and can supportlife that does not
rely on photosynthesis) might be occur-
ring on the moon.

It’s also warm, at least zero degrees
Celsius: “a balmy place for lots of organ-
isms to thrive,” Porco says.

The plumes make the moon’s innards
relatively easy to study, which is one rea-
son Porco, McKay and many other scien-
tists favor a mission to Enceladus.

“The samples are coming out for free,”
McKay says. “It’s like there’s a big sign
saying, ‘Free samples, take one.””

Enceladus has water, organics, nitro-
gen and an energy source — the only
place in the solar system with all four
boxes checked, McKay says. “If I had a
little scooter and could fly anywhere,
the first place I would fly is the plume of
Enceladus,” he says.

A mission to Enceladus could be much
more focused than a visit to, say, Europa,
Porco says, since scientists know where
all the action is. There are at least 70 jets
bursting from fractures at the south pole,
the mostvigorous of which are associated
with the hottest locales. A probe could
land near the plume and collect the con-
tents as theyrain down, she says. “It could
be snowing microbes on the south pole.”

But understanding of Enceladus’ geo-
chemical processes is still young, and
some scientists worry that they don’t
know enough about the moon to send a
mission there yet. Pappalardo, who stud-
ies Europa, raises the question ofhowlong

a subsurface ocean might have existed —
whether it’s a transient phenomenon or
persistent enough to stick around and
allow life to evolve under the ice.

While some models suggest a global
ocean is unlikely to last long enough
for life to develop, a small regional sea
might, Porco says. “The only remaining
question is: Is prebiotic chemistry, or
perhaps even life, stirring beneath the
south pole of Enceladus?” she says. “And
the only way we’ll know the answer to
thatis by going back to Enceladus, prop-
erly equipped to find out.”

Making choices

Though scientists are putting together
the pieces of these moony puzzles bit by
bit, the pictures will be blurry as long as
assembly is from afar. So far, research-
ers know that Europa is probably a
water world, but might not have organ-
ics, nitrogen or a life-powering energy
source. Titan is saturated with organic
material and shrouded by nitrogen, but
lacks liquid water on its surface. And
Enceladus is superpowered, fulfilling all
four of McKay’s criteria, but its subsur-
face pocket of water might be too young
for life to have evolved.

Because there is still so much to find
out, wherever Earth’s robotic emissaries
arrive next, they will help sate the curi-
osity of alegion of scientists. There is no
bad target.

“Asking me if I think we should send
probes to Enceladus or Titan instead
of Mars or Europa is like taking a kid to
Disneyland and telling them they can
onlygo ononeride,” says Nathan Strange,

jets spewing out of the orb’s interior L
and return the samples for lab analysis. The P
low price of the mission could be a major sell- Q
ing point, especially during today’s tight funding %
environment. A trip planned to Europa, called the %
Jupiter Europa Orbiter (shown), could get chopped

if scientists can’t find a way to lower its $4.7 bil-
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a mission architect at NASA’s JPL who
hasworked on mission design for all three
moons. “Why not let us go explore all of
these places?”

Charles Elachi, director of JPL, thinks
that’s possible. “From a technical point
of view, they’re within our engineering
capabilities of the next 10 years,” he says.
“Idon’t have afavorite. As a scientist, the
ideal is to go to all three of them. But I
would add Mars, too.”

The limiting factor is funding, he
says. Sending large, multibillion-dollar
flagship missions to each of the moons,
such as a proposed craft called the Jupi-
ter Europa Orbiter, isn’t possible under
the current funding climate. So if scien-
tists can’t send one large mission to each
moon, they’ll have to decide how else to
distribute the work.

Stern suggests planning smaller trips,
less than a billion dollars each (the Titan
Mare Explorer falls into this cost cate-
gory) that could begin to form a founda-
tion for future visits.

“You can’t think about the explora-
tion of any of these objects as a one-time
trip,” says Carl Pilcher, director of NASA’s
Astrobiology Institute in Mountain View,
Calif. “Each mission, we develop a deeper
understanding that helps us ask better-
informed questions. It’s kind of like build-
ing a cathedral: It takes a hundred years
or more, and each generation passes the
torch to the next.” B

Explore more

B For more details on outer solar sys-
tem planets and their moons, visit:
solarsystem.nasa.gov/planets
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ly over any baseball stadium
when the home-team batter
slams a double in the gap with
two men onbase, and you'll seea
crowd of fans rising in unison, arms wav-
ing wildly in the air. You’d think you were
viewing typical baseball fan behavior.

Witness this scene at ground level,
though, and you’ll get a different pic-
ture. While a majority of fans participate
in the cheering, others are sipping beer,
attending to scorecards or roaming the
walkways in search of a hot dog.

Such displays of individuality
shouldn’t come as a surprise — people
often react differently to the same cir-
cumstances, after all. But life’s individu-
ality thrives at much smaller scales than
the human body.
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Cells, for example, are not all alike.
Clusters of single cells, even of all the
same type, show cell-to-cell differences
in appearance, growth and behavior.
This holds true for single-celled organ-
isms too. Individuals within a colony
of identical bacteria, for instance, will
behave in different ways, even under the
same conditions.

For decades, scientists were stuck with
an aerial view of cell behavior. Experi-
ments carried out on large pools of cells
obscured information on the activities
and makeup of the individuals. Difficul-
ties in tracking molecules inside a single
cell forced researchers to content them-
selves with averages derived from whole
populations.

Now scientists are finding ways to zero

’
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How to study cells,
one by one

By Susan Gaidos

Despite being kept in the same lab con-
ditions, these human colon cells make
differing amounts of the protein beta-
catenin (green) in their nuclei (blue).

in. Improvements in imaging techniques
make it possible to view tiny, transpar-
ent structures and molecules within
cells that are otherwise nearly invisible.
New ways of separating cells during
study enable scientists to sort through
thousands at once, distinguishing sub-
populations and studying multiple traits
in just one go.

“We used to think that we could take
a million cells and grind them up and
make measurements on those million
cells,” says Nancy Allbritton, a biomedi-
cal engineer at the University of North
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Carolina at Chapel Hill. “And whatever
measurements we made on those mil-
lion cells would reflect what’s going on
in a single cell.”

Scientists today know that averag-
ing the constituents of a million cells
often gives no clue to what’s going on
at the cellular level. Cells thought to be
alike have been found to produce dif-
ferent numbers and types of proteins.
Beyond providing interesting insights
into basic biology, understanding this
individuality may have medical conse-
quences — illuminating characteristics
that can make a cell more amenable to
a particular drug or more vulnerable to
an allergen or viral infection.

Though in many ways single-cell
analysis is still in its infancy, the field
is quickly expanding. Researchers are
working to improve technologies and to
figure out how to make sense of the data.

Lighting the way
Of the millions of different living things
in the world — large and small, plants,
animals and microbes — all have in
common the fact that they are made of
one or more cells. Scientists have been
observing cells since the mid-17th cen-
tury, when Dutch scientist Antony van
Leeuwenhoek discovered bacteria and,
later, blood cells. Through the years,
microscopes and staining methods have
allowed researchers to view and describe
the basic structures and internal work-
ings of various cell types — understand-
ing how skin cells, for example, differ
from cells in the heart or kidneys.
Distinguishing unique features among
cells of the same type has proven to be
more difficult, because cells are so
small. A typical human cell is about one
one-hundredth of a millimeter across.
Microbes are even smaller. Conven-
tional light microscopes are constrained
by aphysical lawdemanding that the size
of an object being imaged be no smaller
than about half the wavelength of the
light used to produce that image. To see
anything as small as a molecule within a
cell (the scale at which much of the work
gets done), some tool other than tradi-
tional light microscopy is needed.

Scientists have found ways to get
around this blind spot. When molecules
and proteins are labeled with fluores-
cent dyes, the components inside a cell
appear as bright colored dots against the
background of a cell’s gel-like filling. Such
advances have allowed researchers to see
cellular processes unfolding at nano-
meter scales. Fluorescent probes have
also brought to light the wide variation
that exists within a population of seem-
ingly alike members.

When sorting through a population of
cloned lung cancer cells loaded up with
fluorescent probes, systems biologist
Steven Altschuler noticed that each cell
carried its own combination of the mol-
ecules that send signals between cells.

“It was a surprise to us,” says
Altschuler, of the University of Texas
Southwestern Medical Center at Dallas,
who jointly runs a lab with pharmacolo-
gist Lani Wu. “It even made us wonder
what the definition of a clone was.”

The team developed a way to combine
fluorescent microscopy with a type of
software designed for face recognition
tolook for patterns among the cells. The
team first labeled the cells by attaching

different fluorescent tags to proteins
involved in cell signaling. Computers
then analyzed pictures of the cells, pixel
by pixel, looking for variation in the loca-
tion and intensity of the molecules. The
scientists also trained the computers
to identify combinations of markers
that commonly appear together —
discovering the cellular equivalent of a
“blue-eyed blond.”

Using this method, the scientists were
able to identify small subpopulations of
cells, or stereotypes, based on which
molecules appeared and where. Expos-
ing the stereotypes to the anticancer
drug Taxol revealed that different sub-
populations respond differently to the
drug. In May 2010 in Molecular Systems
Biology, the team reported on how indi-
vidual cell differences could help predict
the outcome of treatment.

“That’s definitely where we would like
to go,” Altschuler says. “The dream is
that you would be able to look at a small
number of cells from a cancer tumor and
try to predict the optimal combination
of drugs to treat that particular tumor.”

Though doctors currently use vari-
ous profiling techniques to determine

Spotting siblings By combining fluorescent markers and cell-imaging techniques, research-
ers were able to divide a population of cloned cells into several subpopulations (four shown in
chart). Members of each subpopulation showed similar patterns of fluorescence (images).
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the best treatment, Altschuler says this
new approach differs because, in prin-
ciple, it would allow a doctor to look at
every cell in a tumor biopsy, identifying
clues that would getlostin a “population
averaging” approach.

Multiplying traits

But fluorescent microscopy has its own
limitations. Scientists can look for only
a handful of variations, or biomarkers,
in a cell at one time. Though cells carry-
ing biomarker A could be distinguished
from those carrying B or C, for example,
scientists can’t simultaneously scan the
cells for a second characteristic that
might be important in understanding
the first.

Altschuler and Wu’s team has found
ways to maximize the use of fluorescent
probes to get more details on cell-to-
cell differences. Using three out of four
available probes to home in on subpop-
ulations of interest, a fourth probe can
be free to search for a second variation
within each of those groups. By running
a series of experiments, rotating the
fourth marker’s target each time, scien-
tists can get more detailed information
on members in each group.

Say you’re trying to understand peo-
ple at a baseball stadium, instead of
cells, and you want to figure out differ-
ences in the way the players, vendors
and fans dress. Three out of four fluores-
cent probes would be used to separate
people into each of these groups. The
fourth probe could then search for a spe-
cific item, such as sneakers, which may
be worn by members in each group. In
subsequent experiments, the first three

probes remain set to identify players,
vendors and fans, while the fourth spots
people sporting home-team jerseys, then
baseball caps and so on. A computer pro-
gram stitches together the information
gleaned from the serial studies to show
what people in each group wear.

In this process, a scientist will never
look at the jerseys and caps on any given
person at the game, because only one
measurement can be made at once. “Still,
reliable information can be gained,”
Altschuler says. His group is now profil-
ing cells in this way.

At her University of North Carolina
lab, Allbritton and colleagues are devel-
oping ways to study multiple variables
beyond the limitations of microscopy.
By employing what they call “separa-
tion techniques,” the researchers have
the potential to measure the activity of
many enzymes — a dozen or so —at once.
Each cell gets its own well in a grid con-
taining thousands of rows and columns.

Cells are first loaded with various
enzyme substrates, substances that
work with an enzyme to produce a spe-
cific reaction. The cells are then killed
and their contents released. By separat-
ing out each of the chemicals that were
put into the cells as well as the products
the cells make, scientists get a readout
on what’s going on inside.

Because each cell sits in its own well,
scientists can analyze the cells sepa-
rately. Comparing the reactions of differ-
ent cellsis key, Allbritton says, because a
study of a single cell won’t reveal much
variability.

“That’s like looking at one human
and trying to understand how variable

people are,” she says. “You would
assume if you got a redheaded person
that everyone had red hair — and was
5-foot-4 and was female.”

Allbritton is using this technique
to measure protein activity in human
cells. Her studies currently focus on
kinases, proteins that play a vital role
in cell signaling and the regulation of
gene activity.

Live on and inform

Such clues to what’s going on inside sin-
gle cells often come at a price: Cells are
damaged or killed in the process, provid-
ing only a single snapshot in time. This
makes ithard to predict how a single cell
will respond to a given stimulus.

J. Christopher Love, a chemical engi-
neer-turned immunologist at MIT, com-
bines the idea of separating cells and the
helpfulness of fluorescent dyes to follow
biochemical processes over time in liv-
ing cells. His lab takes an array of sub-
nanoliter-sized wells and fills each with
either a single immune cell or a small
group of them. With tens of thousands
of wells, the unit looks like an ice cube
tray the size of a microscope slide. Flu-
orescent markers identify the various
proteins in or on each cell, distinguish-
ing one cell type from another.

Over the course of several hours or
days, Love studies the proteins and
chemicals secreted by the cells to see
how they change. Borrowing a technique
from the printing of U.S. dollar bills, he
presses the microarray against a glass
plate to get a printout (so to speak) of
the proteins and chemicals secreted by
the cells. Unlike Allbritton’s work, the

Trouble with averages For a long time scientists had no choice but to study cells by looking at the average behavior of an entire population.
Today, many researchers are developing analytical techniques that get around the inherent problems (some below) of this approach.

i Average

Number of cells

i Average

Number of cells

i Average

Number of cells

Single cell measurement

An average may roughly reflect how most cells
behave, but it doesn’t capture behaviors that
fall far from the center of a bell curve.

Single cell measurement

Sometimes an average can hide a smaller
subpopulation of cells with behaviors that
may differ from the larger group.

Single cell measurement

If the cells are split into two subpopulations,
the average may reflect how only a handful of
cells actually behave.
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method doesn’t kill the cells because
information is captured from the out-
side, on the glass plate.

Love is applying this interrogation
method to ask questions thatarerelevant
to chronic diseases such as HIV, autoim-
munity, cancer and allergies. One ongo-
ing study tracks how allergic patients
become desensitized to milk allergens,
measuring how the patients’ white blood
cellsrespond to milk extracts. The study
looks at how many cells are responding,
whatkinds of immune proteins are being
produced and how much of each protein
is produced by each cell.

By analyzing large numbers of single
events and interactions between small
groups of cells in concert, Love can spot
rare types of cells and events that are
linked to disease. Certain T cells and B
cells found in diseases like multiple scle-
rosis or diabetes, for example, typically
are present at rates of 1in 10,000 to 1 in
100,000 of the circulating T cells in a
blood sample, he says. Without looking
at many, many cells, he wouldn’t be able
to spot or study the interactions of these
rare types.

“Single-cell analysis is a bit of a mis-
nomer in the sense that you’re notreally
looking at one cell,” Love says. “You're
resolving to one cell, but you are need-
ing to look at thousands, if not tens or
hundreds of thousands, of cells to under-
stand what thatindividual measurement
looks like in relation to the rest of the
distribution.”

Single microbes
Studies of cell-to-cell differences also
promise to reveal new information
about single-celled organisms. Foralong
time, biologists thought that members
of a microbe colony were all basically
the same, and that those cloned from a
single cell, because they were genetically
identical, should react to environmental
challenges in the very same way.
Scientists now know that individual
traits may, in fact, serve as drivers toboost
the robustness and resistance of micro-
bial populations, says Michael Konopka,
abiochemical engineer at the University
of Washington in Seattle. In the October

2010 issue of Nature Chemical Biology,
he and coauthor Mary Lidstrom outlined
how some members of a microbial colony
will stop growing in times of stress, mov-
inginto a dormant state that allows them
toride out the bad conditions while their
neighbors perish.

Understanding how individuals adapt
to environmental conditions, such as
temperature fluctuations, could help
engineers find ways to boost certain
types of chemical processes used in
manufacturing, Konopka says. Some
naturally occurring microbes, for exam-
ple, may have a built-in capacity to do
the chemical reactions that industrial
researchers want to perform.

Others research teams are developing
ways to determine the complete genetic
blueprint of single-celled organisms to
getinsightinto whole populations of cells
that are otherwise difficult to study. Stan-
ford University scientists working under
the direction of Stephen Quake are pluck-
ing single cells from populations found in
pond scum, soil or even plaque on teeth,
to ask a seemingly simple question: Who
areyou?

Conventional genetic analysis tech-
niques require a large, pure sample
of the microbes, says Paul Blainey, a
postdoctoral researcher in Quake’s lab.
“That usually requires that you’re able to
isolate the particular organism and grow
up a whole huge beaker of it in the lab.”
Unfortunately, the chemical reaction
used to amplify tiny amounts of DNA is
notoriously prone to contamination.

To get around this problem, the Stan-
ford group is using a laser tweezer to sort
individual microbes inside tiny, auto-
mated devices designed to analyze min-
ute traces of DNA. Enclosed within this
miniature lab, microbes and their DNA
are safe from contaminants.

In 2007, Quake’s group analyzed the
genome of a single bacterium found
in dental plaque taken from a person’s
mouth. This year the team turned to a
less familiar class of single-celled organ-
isms, the Archaea: Online February 22
in PLoS One, the researchers published
findings on the genome of a single-celled
ammonia-eater from San Francisco Bay.

Developed at the University of British
Columbia, this microchip allows the
simultaneous analysis of 300 cells.

Genetic information gleaned from
an individual microbe, combined with
findings on cell-to-cell differences in
behavior, may provide new insights into
the thousands of unknown or barely
known populations found in water and
soil. Such insight could in turn offer
clues to how microbes act as infectious
agents and how they develop resistance
to antibiotics.

Despite recent gains in studying single
cells and how they differ, there’s much
work to be done, Allbritton says. Cur-
rent techniques still allow only a small
number — fewer than two dozen — of
the thousands of molecular components
that float around in cells to be measured
at one time.

“It’s embarrassing,” she says. “We’ve
made a lot of progress, but you can see
how far we have to go.”

With such a small subset of cellular
components under study, scientists’
perception of how cells operate may be
colored by what they see, she adds. The
big push now is to develop ways to mea-
sure more of the cell’s contents, and see
how they change over time and work in
relationship to each other.

“If we can see everything,” Allbritton
says, “it might dramatically change how
we view the single cell.” B

Explore more
B Altschuler and Wu lab: www4.
utsouthwestern.edu/altschulerwulab
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Epigenetics: The Ultimate
Mystery of Inheritance
Richard C. Francis
For more than 10 years, scientists
have known nearly every letter in the
human genetic instruction book. But
perhaps more interesting than those
letters are the doodles in the margins
and the highlighted passages — chemi-
cal modifications to DNA and its asso-
ciated proteins known as epigenetic
marks. These scribbles may actually
control how genes function, and thus
how a person looks and acts. And these
changes are passed along to future
generations, like carbon copy overlays
in new editions.

Researchers are only beginning
to decipher this cryptic language,
but already it’s clear that whatever
these graffiti have to say is going to be
important. Such epigenetic modifica-
tion may be at the root of many dis-
eases, for example. Epigenetics links
external experiences to the molecular
machinery inside cells. Francis’ book is

intended as a guided tour of this myste-
rious new landscape.

Each chapter starts with an enter-
taining or intriguing example of how
epigenetics affects human and animal
biology and inheritance. It’s not often
you find José Canseco, mouse moth-
ers, Dutch famine
victims, sea urchins,
identical twins and
Tasmanian devils
all in the same book,
but you will here.
Francis just man-
ages to save his story
from crossing into
textbook territory by weaving these
examples throughout the chapters.

It’s still early days for the science of
epigenetics, and researchers keep dis-
covering layer after layer of epigenetic
wallpaper plastered over DNA. Francis
hits the highlights here, but stay tuned
for more installments in this fascinat-
ing new science. — Tina Hesman Saey
W. W. Norton & Co., 2011, 234 p., $25.95

Rambunctious Garden

Emma Marris

What does it mean to be wild, and can
humans restore wildness to a planet
they’ve spent their history trying to
tame? Marris hauls out a wheelbarrow-
load of research indicating that
humans have altered nearly every inch
of the terrestrial landscape at one time
or another (even ignoring the global
transport of air pollutants and pertur-
bation of the climate). So any claim
that a place is “pristine,” she argues,
requires substantial
caveats. But Marris
makes a strong case
that this doesn’t
mean there aren’t
ecosystems worth
saving, or at least
tweaking,.

Marris recounts
efforts under way across the globe to
“rewild” various sites to conditions
that existed a century —if not 10 mil-
lennia—ago. Such projects invariably

L2 L]

1N Wil

require compromises. Once-keystone
species may no longer walk or slither
across the planet. Budgets may not
stretch to do more than a partial job.
Unurbanized spaces may be too small
to support big carnivores.

If no place is pristine, determining
what should be restored ultimately
becomes a judgment call. So does
determining the benchmarks biologists
might use to measure success.

None of these constraints argue for
throwing in the towel, or trowel, Marris
says. She points to regions where allow-
ing small areas along roads or farms to
go untended has brought back species
that people had assumed were gone
for good. She invites readers to turn
the idea of what constitutes smart gar-
dening on its head. One example: Tiny
patches of the urban landscape — like
yards — could be encouraged (with a
little help) to evolve into novel, yet
sustainable, marriages of native and
not-so-native species. — Janet Raloff
Bloomsbury USA, 2011, 210 p., $25

The Sibling Effect

Jeffrey Kluger

A review of recent

research shows how

siblings affect each

other, covering topics
such as birth order, blended families
and parents who play favorites. River-
head Books, 2011, 320 p., $26.95

Cosmos Close-up
Giles Sparrow

A collection of astro-
nomical images taken
by telescopes and spacecraft of all
kinds gives brief explanations of

the science behind each highlighted
object. Firefly Books, 2011,

320 p., $29.95

The Exquisite
Butterfly Companion
Hazel Davies

This guide to 100
butterfly and moth
species comes with a set of butterfly-
shaped illustrations to use in craft
projects. Sterling Signature, 2011,

88 p., $14.95

Brain Bugs

Dean Buonomano

A neuroscientist gives
an entertaining look
into the brain’s hard-
ware and software
flaws and how they
affect everyday life. W.W. Norton & Co.,
2011, 310 p., $25.95

BULD

BRAIN
BUGS

Tan The Beginning
HAALLIY  of Infinity
% David Deutsch

INFINITY

A physicist explores
the elaborate relation-
ship between science
and other realms of
human endeavor, with a focus on
physical, biological and social phe-
nomena. Viking, 2011, 487 p., $30

DEVID DEOTSCH

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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Lowdown on Earth’s heat Gﬁalﬁﬁ\r‘“ Geology Underfoot in
“Science Stats” (SN: 8/27/11, p. 4) under- UNDERFS5T. | Yellowstone COlllltI'y
states the power Earth radiates into TEliﬂ_‘l‘I’_STﬂHE (| | Magrc S. Hinrix

space and mistakenly suggests that
P ysuss Yellowstone’s geology is legendary, get out and

discover it! Landslides, lava flows, and lots of
steaming geysers—this Park has it all!

115 color photographs

66 color illustrations and maps

312 pages ® 6x9 ¢ $24.00 * Item #298

Earth radiates more energy from inter-
nal sources than it receives from the
sun. The total (44 trillion watts) shown
in your diagram must represent only

the minuscule percentage (about 0.02
percent) from internal energy sources
(radioactivity, tidal, remnant gravita- i
tional energy) that cause surface effects . NATE . Wendrix What'’s So Hot About Volcanoes?
like volcanoes and plate tectonics. In - WENDELL A. DUFFIELD

fact, Earth receives about 174,000 tera- Py Curtains of fire, columns of ash, and
What's So Al

watts from the sun and radiates the : explosions of steam—Ilearn why volca-
same amount. Strictly speaking, Earth H’af About Roe e blow their top:

doesn’t radiate any “heat.” Instead, it v . 7

emits energy in the form of light, pre- a wﬂ "a E s . Zg zzig: ﬂllll?st:’ril:(?::

" i
96 pages * 8%x9 ¢ $16.00  Item #3
- - - :

ﬂ{’ Mountain Press
PUBLISHENG COMPANY
P.0. Box 2399 - Missoula, MT 59806 - 406-728-1900 |

800-234-5308 - info@mtnpress.com

WWW.mountain-press.com

dominantly at infrared wavelengths
because of its modest temperature.
Don MccCarthy, Tucson, Ariz.

The reader is correct. The diagram pres-
ents heat flow only from Earth’s internal
energy sources. — Camille M. Carlisle

Zapped on units
The article “Dolphin can sense electric Probably this year's most important self-improvement book...

fields” (SN: 8/27/11, p. 12) contains

an error in the sentence, “Paco could “HOW You TOO Can Develop

. . (]
e wn el @ Razor-Sharp Mind,+.”
volts per centimeter....” Current is =

. . oW
measured in amperes, whereas electric Only $29.95 (why pay more?)*
field is measured in volts per meter. * BUT SEE BELOW FOR AN EVEN BETTER DEAL!
Robert P. Yassanye, Sarasota, Fla. It is scientifically proven: Your brain is like a muscle. Sit in front of the tube with a six-
pack and a bag of potato chips and it will turn flabby and quite useless. Exercise it
. . vigorously and you will indeed be able to develop a razor sharp mind and a stecl-trap
The reader is correct. Paco perceived an memory. There may even be a bonus of better sex and longer life. And, finally a rigorously
electric field, as the reported units indi- exercised brain will not develop Alzheimer’s disease. This breakthrough book (soft cover,

460 pages, 8-1/2" x 11" format) will be your trainer and monitor to your new,

cate, not current. — Nadia Drake welldeveloped brzin.

Sid Tuchman of Indianapolis, N says: “What an astonishing book! One can almost —
hear those brain cells crackle!” And Lloyd Hammett of Winnfield, LAadds: “Jfthis book e
will not make you smarter; nothing will.” And Hugh Cunningham of Albany, GA says: “This is marvelous! I already feel a whole lot
smarter than before I started on this book”
In “Tumor tell-all” (SN: 9/24/11, And here is a neat bonus: A $30 Haverhills Merchandise Certificate is bound in each of the books. So you get this book essentially
for FREE! We are the pub]jshers of this book and are able to sell it for just $29495.* But here is our even better deal: Buy three
books and we will let you have them for the price of two -- only $59.90! Your friends and relatives will thank you for this

Correction

p. 18), adiagram on Page 21 incorrectly

omitted coloring showing a segment important gift. This book may (really!) change your life. Order it today!
of chromosome 15 that remained after How to order - -
another part of the chromosome had You may order by toll-free phone, by mail, or by fax and pay by lo m I I‘ a
. check or AMEX / Visa / MasterCard. Please give order code shown,
been deleted. See the correct version Add $4.95 s/h for one, $6.95 for three books, plus sales tax for CA division of jomira/advance

online at http://bit.ly/SNTumor delivery. You have 30-day refund and one-year warranty. We donot 470 Third Street, #211, San Francisco, CA 94107
refund postage. For customer service or wholesale information,

please call 415/356-7801. Please give order code Z.386.

Send communications to: Editor, Science News
! ’ Order by toll-fi hone: 1-800/600-2771 fastest!) by fax: 1-415/356-7804.
1719 N Street, NW, Washington, D.C. 20036 or e e Bt our webeite ot evom o e

editors@sciencenews.org. Letters subject to editing.
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EE From the Archive

Many of Rome’s famous sites sit within
the city’s Limited Traffic Zone, where
motor vehicle access is restricted.

UPDATE

Ancient Rome forbade downtown

trafficinday

Ancient Rome had its traffic prob-
lems, too, and used some of the same
techniques being tried in our big cities
today to solve their problems.

Rome’s narrow streets were not
marked “One Way” but in effect they
were, because each driver sent a run-
ner ahead to hold up traffic at the
other end of the street or alley until
the chariot had passed through.

The fringe parking plan used in mod-
ern large cities torelieve the downtown
parking problem was used in Rome in
the days of Julius Caesar. In the Roman
day there were 12 hours of “daylight”
adjusted according to the season. Pri-
vate vehicles were forbidden on the
city streets from dawn until two hours
before dark. A traveler coming to Rome
had to park his carriage at the city gates
and continue into town either on foot
orin a carrying chair or litter.

Traffic officers in ancient Rome
belonged to a corps originally orga-
nized to guard against fires. They were
officially known as Vigiles, but popu-
larly called the “little bucket fellows.”
Most traffic restrictions and regula-
tions were lifted at sundown, but the
Vigiles handled the situation when
two wagon drivers would get into a
noisy dispute about the right of way.
The police-firemen in Rome were freed
slaves, Kenneth D. Matthews Jr., of the
University of Pennsylvania’s Museum,
reports in Expedition, 2:22,1960.

‘Women drivers were not a problem
in ancient Rome. In the third cen-
tury B.C. a law was passed forbidding
women to ride in carriages. Twenty
years later the ladies of Rome forced
the repeal of this law but during the
first century A.D. the restriction was
again in force.

Congestion in ancient city isn’t a thing of the past

Rome isn’t alone in its efforts to relieve traffic woes.

Just because all roads lead to Rome doesn’t mean you can get
in— at least not on wheels. During Julius Caesar’s reign, day-
time access to the Eternal City was restricted, with travelers
required to hitch their carriages outside the city gates. And, as
it turns out, traffic troubles are as enduring as the city itself.

While officials today don’t have a problem with female
drivers, there is a renewed interest in curbing congestion
(and the more modern problem of exhaust fumes). During
the 1980s, the city instituted a series of policies that culmi-
nated in what’s called a Limited Traffic Zone, which keeps
all automobiles without special permits or privileges out of a
4.2-square-kilometer portion of the city during much of the
day. Motorbikes are excepted, which probably explains why
they are commonly spotted zipping past quaint piazzas and
historic ruins. Additional measures farther from the city’s
core try to discourage people from driving extra-dirty pollut-
ers and encourage reliance on public transport.

A number of cities around the world are experimenting
with gridlock busters: Stockholm has plans to finish a ring
road designed to divert heavy flow around the city. London
charges a daily fee for vehicles that enter a restricted traf-
fic area, a scheme known as congestion taxing. Cologne is
targeting its existing transport system, widening roads and
improving tram networks.

Though no one will deny Rome’s road-building legacy, the
next great city may be the one whose roads (and other trans-
port arteries) master the morning commute. — Elizabeth Quill

To vote for one of these topics to appear on From the Archive,
visit www.sciencenews.org/vote100811

A. Ring dove’s bedroom behavior launches new scientific field

B. Getting growth hormone from the glands of a whale

C. Lingering possibility of a solar companion called Nemesis
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Technology Simplified

WOW...A Computer Designed For YOU,
Not Your Grandchildren!

...It’s easy to read. It’s easy to see. It’s even easier to understand and use!
Just plug it in!!!

g

simple
navigation,
o) you never

get lost!

Have you ever said to yourself “I'd love to
get a computer, if only I could figure out
how to use it” Well, youre not alone.
Computers were supposed to make our
lives simpler, but they've gotten so
complicated that they are not worth the
trouble. With all of the “pointing and
clicking” and “dragging and dropping”
you're lucky if you can figure out where you
are. Plus, you are constantly worrying about
viruses, spam and freeze-ups. If this sounds

— o
designed for SENIORS'
Big Bright Screen
One-touch “zoom” magnification
No bulky tower

an outlet and your high-speed

Internet connection. Then you'll

see the screen. This is a completely

new operating system, without the
cluttered look of the normal computer
screen. The “buttons” on the screen are easy
to see and easy to understand. All you do is
touch one of them, from the Web, Email,
Calendar to Games— you name it... and a
new screen opens up. It’s so easy to use
you won’t have to ask your children or

familiar, we have great news for
you. There is finally a computer
that’s designed for simplicity
and ease of use. It’s the WOW
Computer, and it was designed
with you in mind.

This computer is easy-to-use,
worry-free and literally puts the
world at your fingertips. From
the moment you open the

use! | get photo updates
from my children and
grandchildren all
the time.”

—From Janet F.

grandchildren for help.
“I love this computer! Until now the very
Iti d and people who could
tiseasytoread andto .. .6t most from

Email, and the Internet
are the ones that have
had the hardest time
accessing it. Now,
thanks to the WOW
Computer, countless
older Americans are

box, you'll realize how different
the WOW computer is. The components
are all connected; all you do is plug it into

discovering the wonderful world of the
Internet every day. Isn’t it time you took

part? Call now, and a patient, knowledgeable
product expert will tell you how you can try
it in your home for 30 days. Call today.

Call now for our special
introductory price!

Please mention promotional code 43193.

1-877-793-4290
firstSTREET
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.’surf” the internet
Get current weather & news.

...send and receive emails, and video chat

Keep up with family and friends.

...play games online
hundreds to choose from!




Praise for Stauer Men'’s Rings:

L. 0.8 6 & ¢

“...for men that like to
make a statement”
— D. FROM WASHINGTON

L8 0.8 & ¢

“Both my husband and |
have been impressed with
their attention to detail.
Very satisfied...”

— T. FROM TEXAS

L. 8.0 8 & ¢

“...simple lines with

a nice balanced weight...
well done Stauer..”
— E. FROM ARKANSAS

L8 .0 8 & ¢

“massive and very distinctive...
very pleased with my purchase.”
— J. FRoM CALIFORNIA

C—

Long Live Heavy Metal

Made from one of the hardest substances known to man: tungsten ring for only $99

love precious metals. Honestly I do. But some-

times for a piece of men’s jewelry, I crave
something tougher, something less... precious.
Once I found tungsten, I knew it was the
only metal for me. This was a new kind
of love. Not that sappy, romantic
version with birds chirping and harps
playing. I heard
music, but it was
the crunching gui-
tar riffs and thunder-
ing drums of heavy
metal. Any chirping birds
were drowned out by the
sounds of bullets, explosions and rockets.
Okay, maybe I'm getting carried away.
But that’s what happens when you fall in
love. You’ll understand when you put on
this Tungsten Ring for only $99.

Men's Sizes

NOdO:

Where has this metal been all my
life? Named for the old Swedish word
for “heavy stone,” tungsten is four times
harder than titanium and 71% denser
than lead. It’s so tough that when they
need to cut it and polish it they have to
use diamonds... the hardest substance on
Earth! It’s the very same metal that goes
into armor-piercing ammunition and the
fuel nozzles of skyscraper-sized rockets.

USING THE RING SIZE CHART
Place one of his rings on top of one of
the circle diagrams. Your ring size is
the circle that matches the inside
diameter of the ring diagram. If your
ring falls between sizes, order the
next larger size.

EWELRY SPECS:

Polished tungsten
beveled band

\_Carbon fiber & gold
tone chain link inlay

Can it handle a life of luxury? Of course. Even as a
piece of jewelry it remains an overachiever. Unlike other
fine metals, the spectacular polish and shine will
never dull. And you’re going to be amazed by how
well this ring balances a heavyweight feel with
“forget-your-wearing-it” comfort. Added details
include a handsome beveled-edge and a carbon
fiber and gold tone chain link inlay. The perfect
symbol of a relationship built to last. And right
now you can get it for $150 less. Plus with the
Stauer 30-day Money Back Guarantee, you’ve got
time to see if you're ready for the commitment. If
you're not satisfied, return it for a full refund of the
purchase price. This just might be the easiest “tough decision”
you've ever made!
EWELRY SPECS:

- Tough tungsten steel beveled band - Carbon fiber and gold tone accent

A Stauer Exclusive
Men’s Tungsten Ring—$249 Now $99 :ssp

Please specify ring size 8-14 when ordering.
Call now to take advantage of this limited offer.

1-888-324-1886

Promotional Code MTR150-01

Please mention this code when you call.

Smart Luxuries—Surprising Prices

a Stauer has a Better Business
e Bureau Rating of A+
14101 Southcross Drive W., Dept. MTR150-01

Staue ® Burnsville, Minnesota 55337

www.stauer.com



http://www.stauer.com
http://www.stauer.com
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