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A special report on the 100 most amazing 

discoveries from the past year—the ideas 

and breakthroughs that are reshaping 

our understanding of the world around us.
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Later 14, First Synthetic Organism Created 19, Interview: E. O. 

Wilson 20, Climate Science’s Big Chill 23, Family Genomics 

Links DNA to Disease 25, Attack of the Bedbugs 26, The Map 

of Everything 28, Obesity Reaches Epidemic Proportions 30, 

World’s First Cyberweapon 31, Early Diagnosis for Alzheimer’s 32. 

 ( Turn the page for more ≥ )
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Responsible Medicine

 ere is a great deal of truth in your 

article “Reckless Medicine” [Novem-

ber, page 64], but you neglect to 

point out the role of the patient in 

the quality and cost of health care. 

We live in a society that values new 

and expensive things over old and 

cheap things. So in health care, 

when a shiny new pill or device is 

dangled in front of us, we tend to 

automatically assume it is better. 

As an endocrinologist, I spend a lot 

of time explaining the scienti� cally 

proven bene� ts of lifestyle changes, 

only to be told by my patients that 

they have no plans to eat better or 

start exercising and that I just need 

to give them more insulin or another 

pill for their diabetes. Do doctors 

need to do a better job comparing 

treatments and analyzing risks and 

bene� ts? Yes, but that will not sub-

stantially improve health care until 

people take personal responsibility 

for their lifestyle decisions.

Meg Reitmeyer, M.D.

Tyler, TX

I must be one of those rare doctors 

who do think critically. I think most 

laypeople will come away from this 

article with the message that doc-

tors are stupid, surgeons are danger-

ous, the fda is corrupt, medications 

do only harm, and Big Pharma is 

driving all of it. I’ll admit that there 

were seeds of truth in your article, 

but there was no point/counter-

point, no discussion of the drug 

approval process, and certainly no 

mention of all the good that modern 

physicians accomplish.

Rena Cunard DeArment, M.D.

Camp Hill, PA

Your article advocates meaningful 

statistical analysis and reporting, yet 

it violates its own advice in stating 

the number of Americans who have 

adverse reactions to prescription 

drugs.  e number 770,000 is mean-

ingless unless the total number 

of Americans taking prescription 

drugs is considered. In fact, more 

than 150 million Americans take at 

least one prescription drug annu-

ally—so 99.5 percent of them do not 

experience adverse e
 ects. On the 

contrary, tens of millions of lives 

are vastly improved, if not saved, by 

prescription drugs each year.

Bonnie Taylor

Missoula, MT

Assembly Required

Your recent piece on the “Cosmic 

Blueprint of Life” [page 38] does 

not live up to its billing. Organic 

molecules may be found in space, 

on interstellar dust grains, and in 

meteorites, but they are just a col-

lection of parts.  ey are no more 

the blueprint of life than a handful 

of gears, springs, and screws is the 

blueprint of a watch.  e cover asks 

if life began in space.  e article 

o
 ers no hint that it did, beyond the 

fervid imagination of Fred Hoyle.

Scott McKellar

Manchester, MO
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Jose, California.
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an embarrassment 
of riches

 E
very year discover’s editors hunker down to assemble 

our annual list of the top 100 stories in science. And every 

year we run into the same marvelous conundrum: 100 is 

a ludicrously small number when you are trying to capture 

the whole world’s output of noteworthy scienti� c ideas and discoveries. 

A few 2010 developments were so obviously monumental that we 

could not ignore them. � e bp disaster in the Gulf of Mexico, our #1 

story, instigated a worldwide research frenzy into everything from 

ocean-� oor imaging to clean energy sources. � e creation of a syn-

thetic organism (#2), the greatest map of the universe (#7), and major 

advances in diagnosing Alzheimer’s (#10) also were shoo-ins. � en 

our job got harder. We weeded through thousands of ideas, some of 

which provoked sharp debate before � nding their place. Most painful 

were the stragglers, the handful of stories that made it onto our list but 

fell out at the 11th hour. I’m particularly fond of these because they 

illustrate core aspects of how the scienti� c process works.

Italian physicists simulated the behavior of a black hole using lasers in 

a lab. Amazing, but an elaboration of work published two years ago (sci-

ence can be incremental). Anthropologists at University College London modeled 

how societies evolve toward political complexity but used broad characterizations 

on an isolated group of cultures (science can be tentative). � e panic over “run-

away acceleration” in Toyota cars had characteristics of mass hysteria, but it 

proved di  cult to validate that interpretation (not everything yields to science). 

When you have to cut stories this wonderful, you know that it has been a good 

year for the upward reaching of the human mind. 

� is year we are introducing new ways to let our readers share in some of our 

over� ow. Often we learn colorful details about where and how the research was 

conducted. Want to see a sinkhole or a particle collider for yourself? Turn to page 

86. Research keeps moving after our ink hits the page, and we are exploring ways 

to let our readers share in that steady advance as well. Note that little red box 

above: discover is teaming up with the National Science Foundation and nbc 

News to create three town hall meetings in 2011 that will lay out exactly what we 

know about climate change and what we can do about it. � ese events will track 

the latest twists in the climate debate (#4) and will make sure the real science 

gets heard. � at conversation will, in turn, make its way back to these pages.

� e world of scienti� c discovery just keeps getting bigger and faster. We 

have to race constantly to keep up. And we wouldn’t have it any other way.

EDITOR’S NOTE

Corey S. Powell, editor in chief

In partnership with 
the National Science 
Foundation and NBC 

News, DISCOVER 
Magazine is proud to 
announce a special 
Town Hall series on 

Climate Change. The 
first event, moder-

ated by Tom Brokaw, 
will take place on 

January 25 at Yale 
University. DISCOVER 
will feature highlights 
in the magazine and at 
discovermagazine

.com. For more 
information, contact 

events@discover
magazine.com.
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A sharp abdominal pain indicates something 

far more dire than a routine stomachache.
BY TONY DAJER

 BELLY PAIN FOR … A YEAR?” I SPUTTERED. IT WAS THE END OF HIS 
shift, and Vince, the attending physician, was signing out 

patients. He shrugged at me. “He’s been in jail for six months. Maybe 
they thought he was malingering. The odd thing is, I did feel a tender 
mass on the right.” I glanced at the young African American man on 
the stretcher. The handcuffs and two guards with him did, admittedly, 
lower the odds that he was experiencing a real disease. Prisoners are 
notorious for weaseling day passes to get out of lockup, but Vince 
looked concerned about this mass he had found. 

“An abscess for a year?” I went on. “Not spreading or getting 
worse? No history of medical problems?”

“None,” Vince replied. “Except he had a perirectal abscess drained 
a few weeks ago at another hospital.”

woman who described four days of 

sharp abdominal pain. “I keep trying 

to go, but I can’t,” she groaned. “I’m 

so constipated.”

On exam, her right lower abdo-

men was mildly tender. Rare as it is 

for someone her age to have a stool 

impaction, I did a rectal exam just in 

case. Empty. “I don’t think it’s appen-

dicitis or anything acute,” I told 

her. “A cat scan would be a lot of 

radiation for nothing. Let’s give you 

a bowel cleanout, and I’ll recheck 

you tomorrow.”

� e next day the woman’s misery 

continued. “I drank everything you 

prescribed. I’m empty. But I still have 

to go,” she told me. A plain X-ray 

showed a bowel empty of stool. � is 

was not constipation. On exam she 

was still tender in the right lower 

quadrant. Had I missed a smoldering 

appendicitis? I bit the bullet and did 

the cat scan, but it came out � ne. 

“� ere’s no appendicitis. Normal,” 

I said. Her shoulders sagged. 

“� en what is it?” she pleaded. 

“I’m going crazy.”

My favorite gastroenterologist 

happened by. “A 28-year-old,” I told 

him. “No medical history; persis-

tent lower-right quadrant pain and 

negative cat scan. Could you take a 

look?” A colonoscopy, which � ber-

optically examines the lining of the 

intestine, could detect maladies— 

like cancer and in� ammatory bowel 

disease—that a cat scan can miss.

“Tomorrow,” he replied with a wave. 

For both patients, if the problem 

wasn’t appendicitis, it still seemed 

that something must be wrong in 

the gastrointestinal tract, 25 feet of 

delicate absorptive tissue exposed to 

trillions of compounds and micro-

organisms each day. Its mission: 

absorb the nutritious and bar the 

noxious in the things we eat. 

Assaulted by everything from hot 

co� ee, alcohol, and cigarettes at the 

start; stomach acid, bile, and myriad 

planetary foodstu� s midway; and 

industrial quantities of anaerobic 

bacteria at the end, the gi tract comes 

with its own immune system. Bris-

tling with antibodies and aggressive 

killer cells, it will clobber any para-

site or pathogenic bacterium trying 

to burrow its way into the body. 

Each part of the gi tract performs 

its own tasks. � e stomach, liver, 

and pancreas launch a barrage of 

digestive juices, then the small intes-

tine takes in nutrients and essential 

vitamins. � e last segment of the 

small intestine, the terminal ileum, 

speci� cally absorbs vitamin B12 and 

bile. � e colon mostly reclaims water. 

� e stomach (with its ulcers) and the 

colon (with its tumors) are the best-

known sources of medical troubles. 

� e small intestine can make its own 

brand of mischief, however. 

When the prisoner’s cat scan 

� nally appeared, I was � oored. “Holy 

cow,” I muttered at the screen. � e 

radiologist’s read was de� nitive: 

“Small bowel obstruction originat-

“And now it’s better?”

“Almost,” Vince said. “He � nished 

his antibiotics three days ago. It has 

nothing to do with this year-old 

pain, though. And the mass is higher 

up on the right than your typical 

appendicitis. � e cat scan I asked 

for is still pending.” 

I turned to the prisoner. “Tell me 

about this pain,” I began. “Does it 

come every day?” 

“It hits me more when I eat, doc-

tor,” he replied. 

“For a year?”

“Yessir. Some nights I can’t sleep, 

it’s so bad. Diarrhea comes too. � en 

I’m so tired I can barely do my work.”

“Any vomiting?”

“Only when I drank that cat scan 

stu� .” On exam, the right middle 

area of his abdomen did hurt when I 

pressed deeply; I sensed a fullness, but 

it wasn’t hard and cancerlike. What-

ever it was, it didn’t seem to bother 

him too much. Plus, you can’t have 

appendicitis for a year. 

“I think you’ll be OK,” I told him. 

“We’ll check the cat scan.”

“� anks, doc,” he replied as the 

guards looked on with disinterest. 

Only a few weeks earlier, I recalled, I 

had seen a 28-year-old Irish American 

Tony Dajer is 
chairman of 
the department 
of emergency 
medicine at New 
York Downtown 
Hospital in 
Manhattan. The 
cases described 
in Vital Signs are 
real, but names 
and certain 
details have been 
changed.
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ing from thickened and enhancing 

terminal ileum. Associated with left 

gluteal abscess and perianal � stula 

tract.” (A � stula is an abnormal con-

nection between one organ, vessel, or 

intestine and another.)

It looked like a year’s worth of 

abdominal pain. I thought of the 

young Irish American woman. Her 

colonoscopy had con� rmed the 

same diagnosis: Crohn’s disease. 

But each patient had exhibited an 

unusual and misleading trait. For 

the prisoner, it was the duration 

of his pain —nothing goes a whole 

year without declaring itself. For the 

young woman, it was how localized 

and speci� c her discomfort was: a 

feeling of constipation rather than the 

signature Crohn’s symptom, diarrhea.

in 1932, doctor burrill crohn 

and two colleagues at Mount Sinai 

Hospital in New York City described 

an intestinal condition unlike the 

widespread intestinal tuberculosis 

of the day. “Terminal ileitis,” they 

named it, because it often targeted 

the ileum as it opens into the large 

intestine. But “Crohn’s disease” is the 

moniker that stuck.

Crohn’s exacts a huge toll; some 

half-million North Americans are 

a�  icted. Its cause remains mad-

deningly elusive. O�  cially it is an 

in ammatory bowel disease, but 

it is neither wholly infectious nor 

exclusively autoimmune. Current 

consensus pins the blame on an 

immune overreaction to normal gut 

 ora. Bacteria-free mice, for instance, 

don’t get Crohn’s, and the stools of 

Crohn’s patients are loaded with the 

body’s own in ammatory proteins. 

Why some people’s immune 

systems blast away at benign gut 

 ora we all share (and need), no 

one knows. � ere is clearly a genetic 

component: A number of gene mark-

ers for Crohn’s have been found, and 

it de� nitely runs in families and some 

ethnic groups, striking Jews more 

often than African Americans, for 

example. But four-� fths of all Crohn’s 

patients lack a� ected relatives. 

At its worst, the in ammatory 

process of Crohn’s can burn through 

intestinal walls to tunnel � stulas into 

the bladder, into other loops of the 

intestine, indirectly to the vagina, or, 

as in the case of my patients, out to 

the skin. Fistulas lead to abscesses, 

which can require surgery. 

Wielding its branding iron 

anywhere along the gastrointestinal 

tract, Crohn’s can cause everything 

from aphthous ulcers (canker sores) 

in the mouth to abscesses around 

the anus. More eccentrically, it can 

spark iritis, a painful eye in am-

mation, skin ulcers, and full-blown 

arthritis. Peak onset is between the 

ages of 15 and 35, but septuagenar-

ians can be stricken too. It can lurk 

for years as nonspeci� c fatigue, diar-

rhea, abdominal cramps, and fever. 

One study found an average delay of 

seven years from onset of symptoms 

to diagnosis. A child or teenager 

with diarrhea and weight loss should 

be investigated for Crohn’s. 

Problem is, a complete diagnosis 

usually requires a full colonoscopy 

with a push into the ileum. Even that 

can be imprecise: Some lesions that 

look like Crohn’s (or ulcerative coli-

tis, the other major in ammatory 

bowel disease) on colonoscopy are 

caused by infections like salmonella 

and campylobacter, or by medica-

tion. � e diagnosis is ultimately 

clinical—a synthesis of symptoms, 

ileo-colonoscopy � ndings, stool cul-

tures, and response to treatment.

Standard treatment for Crohn’s is 

three parts anti-in ammatories and 

one part antibiotics. � e workhorse 

anti-in ammatory drugs are amino-

salicylates, chemical cousins of aspi-

rin, backed by potent steroids in seri-

ous cases. Steroid use is fraught with 

side e� ects, however, so the hunt for 

alternatives has been relentless. 

� e most promising new agents 

are synthetic antibodies that 

incapacitate a major in ammatory 

protein. Alone or combined with 

older chemotherapy treatments, these 

antibodies can seal up � stulas and 

achieve impressive remissions. Alas, 

these potent immune modulators 

can also unleash life-threatening 

infections. As a last treatment 

option, portions of diseased intes-

tine can be surgically removed, but 

that creates the risk of malabsorp-

tion, future obstructions from 

scarring and adhesions, and recur-

rences elsewhere. 

with so many risks in play, doc- 

tors tend to stick with the tried-and-

true aminosalicylates for non-dire 

cases of Crohn’s. I was sure my 

prisoner, given his horrendous 

cat scan � ndings, was headed for 

an extensive intestinal resection. 

Nevertheless, the surgeons and gas-

troenterologist decided � rst to try 

antibiotics and an aminosalicylate 

called Pentasa. To everyone’s happy 

surprise, the old standbys worked 

wonders, maybe because the patient 

had smoldered unaided for so long. 

Within 48 hours he was eating and 

walking. In six days a repeat study of 

his small bowel appeared near-normal.

We were on a lucky streak: � e 

Irish American woman, whose 

Crohn’s had presented with terrible 

urgency, also cooled o�  rapidly on 

aminosalicylates. She was sent home 

in less than a week. Neither one 

required the surgery that I had feared.

For my young man, though, the 

miracle went only so far. On the sev-

enth day he rested—back in prison. 

A barium X-ray 

of the colon 

shows chronic

inflammation 

throughout. 
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BY CARL ZIMMER

Neuroscience sleuths are on the case of face 

blindness, a strange malady that makes some 

people unable to distinguish friend from foe.

 IMAGINE THAT AN ECCENTRIC PSYCHOLOGIST ACCOSTS YOU. IN HIS HAND IS

a piece of paper with 20 pictures of roses. One of the pictures shows a 
rose in the fl ower bed you just passed, he says, and he asks you to pick its 
picture out from his lineup. The challenge would seem absurd—but if you 
were to change the roses to faces, nearly everyone could meet it.

Most of us have a powerful ability to recognize faces, and yet we 
hardly ever take note of it. We can commit a face to memory with a 
single viewing, and even if we see that face only once its memory can 
stay fresh for years. The faces we remember so easily may differ only 
in subtle tweaks of geometry: the ratio of distances between different 
landmarks such as the eyes and the mouth, for example.

A small fraction of people, however, cannot recognize faces—even the
faces of their parents, spouses, and children. Prosopagnosia, as this condi-

of individuals who are face-blind to 

those who are face-sighted. � eir 

results hint at how we recognize faces: 

not in a � ash of insight, as it may 

seem, but by building up recognition 

on a neurological assembly line.

Behrmann has been testing a 

model for face recognition that 

was � rst proposed 25 years ago by 

Tim Valentine and Vicki Bruce, two 

psychologists at the University of 

Nottingham in England. Valentine 

and Bruce argued that our brains do 

not store a photographic image of 

every face we see. Instead, they carry 

out a mathematical transformation 

of each face, encoding it as a point in 

a multidimensional “face space.”

On a map of face space, you 

might imagine the north-south axis 

being replace with a small-mouth-

to-wide-mouth axis. But instead 

of three di� erent dimensions, like 

the space we’re familiar with, face 

space may have many dimensions, 

each representing some important 

feature of the human face. Just as 

the ancient cosmos was centered on 

Earth, Valentine and Bruce argued 

that the facial universe is centered on 

the perfectly average face. � e farther 

a face is from this average center, the 

more extreme it becomes.

Over the past quarter century, the 

tion is known, can a� ect people 

from birth or be triggered later in life 

by injuries to the brain. It strikes an 

estimated 2 percent of Americans 

and is often accompanied by other 

types of recognition impairments, 

including di�  culty recognizing 

places and objects, such as cars.

Despite the millions of people 

who su� er from prosopagnosia, it 

remains an obscure disorder, prob-

ably due to the skill with which face-

blind people quietly compensate for 

their condition. In his new book, � e 

Mind’s Eye, neurologist and writer 

Oliver Sacks makes the surprising 

disclosure that he has prosopagno-

sia. “I have had di�  culty remem-

bering faces for as long as I can 

remember,” he writes. Sacks, who 

turns 78 this year, has been publish-

ing books for four decades. Despite 

his many years in the public eye, this 

is the � rst time most of his fans have 

learned of his condition.

Doctors can’t do much for people 

with prosopagnosia, in part because 

neuroscientists still have only a rough 

idea of how normal face recognition 

works. Recently, cognitive neurosci-

entist Marlene Behrmann at Carnegie 

Mellon University and her colleagues 

gathered some important clues to 

this puzzle by comparing the brains 
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face space model has gained the sup-

port of a number of neuroscientists. 

For one thing, it o� ers an elegant 

explanation for how we can store so 

many images of faces in our heads. By 

reducing a face to a point—creating 

a compact code for representing an 

in� nite number of faces—our brains 

need to store only the distance and 

direction of that point from the center 

of face space. Face space also sheds 

light on the fact that we are more 

likely to correctly identify distinctive 

faces than typical ones. In the center 

of face space, there are lots of fairly 

average faces. Distinctive faces dwell 

far away from the crowd, in much 

lonelier neighborhoods.

Face space also explains why the 

favorite trick of editorial cartoon-

ists works so well. By exaggerating 

features on a politician’s face—Bush’s 

eyebrows, Obama’s ears—cartoonists 

push it farther away from the center 

of face space, to places where it has 

less competition from other faces 

we have stored in our memory. As 

a result, we recognize people from 

hand-drawn caricatures as quickly as 

from photographs—and sometimes 

even more quickly.

In addition to explaining the 

experiences we are familiar with, 

face space also explains a particularly 

bizarre illusion called the facial after-

e� ect. It’s similar to what happens 

when you stare for a long time at a 

picture of, say, an American � ag. If 

you then look at a blank wall, you’ll 

see a ghostly afterimage of the � ag 

in reversed colors for a few seconds. 

Much the same thing happens if you 

stare at a face for a long time. When 

you look at another face, it will look 

a little like the opposite version of the 

face you just stared at.

Behrmann and her colleagues 

documented the facial aftere� ect with 

12
DISCOVER

DV0111BRAIN2A_QG   12 11/5/10   9:42 AM

worldmagsworldmags

worldmags

http://discovermagazine.com/theloom
http://discovermagazine.com/theloom
http://discovermagazine.com/theloom
http://DISCOVERMAGAZINE.COM
http://DISCOVERMAGAZINE.COM
http://DISCOVERMAGAZINE.COM


an experiment involving two 

faces they nicknamed Dan and 

Jim. For each face, they created 

an “anti-face.” Dan and Anti-Dan 

di� ered from an average face in 

opposite directions, re� ecting 

opposite ends on the face space 

axis. Dan had an unusually long 

face, for instance, so Anti-Dan 

had an unusually short one. Dan 

and Anti-Dan were at two ends of 

one of the lines that pass straight 

through the center of face space.

Once the scientists had crafted 

Anti-Dan and Anti-Jim, they 

began showing them on a com-

puter monitor to volunteers 

without prosopagnosia.  ey 

would show the volunteers 

one of the anti-faces for � ve 

seconds. Next, they would � ash 

a second face on the screen for 

just a � fth of a second.  ese 

� eeting faces were either “Dan-

like” or “Jim-like.”  at is, they 

were computer-generated faces 

that were somewhere between 

the average face and either Dan 

or Jim.  e volunteers had to 

guess whether the faces looked 

more like one or the other.

Behrmann and her colleagues 

found that staring at anti-faces 

skewed how the volunteers 

perceived the faces that fol-

lowed. If the volunteers looked 

at Anti-Dan � rst, they did a bet-

ter job of guessing the identity 

of Dan-like faces. On the other 

hand, Anti-Dan made them do a 

worse job of recognizing Jim-like 

faces.  e reverse happened if 

they saw Anti-Jim � rst:  ey did 

better at recognizing Jim-like 

faces and worse at recognizing 

Dan-like ones.

neuroscientists aren’t sure 

exactly how staring at faces 

triggers this aftere� ect, but they 

generally agree it has something 

to do with a change in face space. 

Staring at Anti-Dan makes us 

more sensitive to the faces along 

the line from Anti-Dan to Dan. 

Likewise we become worse at 

blind, on the other hand, 

typically have a normal facial 

fusiform area. It even lights up 

in brain scans when they look 

at faces. On the basis of these 

results, Behrmann argues that 

the facial fusiform area is where 

we put faces into face space. 

But her anti-face experiments 

show that face space is not 

enough to let us recognize 

faces. Something is also going 

on elsewhere in the brain. 

In another study on people 

born face-blind, Behrmann 

discovered a potential clue 

to the rest of the story. She 

and her colleagues found that 

people born face-blind have a 

smaller-than-normal bundle of 

nerve � bers linking the facial 

fusiform area to other regions 

toward the front of the brain. 

It is possible that once we 

encode faces in face space, our 

recognizing faces that do not fall 

along that line. 

If face space is indeed so 

crucial for recognizing faces, 

Behrmann and her colleagues 

speculated that it might play a 

role in face blindness: Perhaps 

prosopagnosia is the result 

of warped face space.  e 

scientists carried out a battery 

of face space tests on normal 

individuals and on seven people 

with prosopagnosia. Six had 

been face-blind since childhood. 

( ey could name famous faces 

correctly only about half the 

time.)  e seventh, a man the 

researchers referred to as SM, 

had lost his ability to recognize 

faces after a head injury su� ered 

when he was 18.

In one experiment, the sci-

entists taught SM to name Dan 

and Jim from their faces. He 

could learn to do the task, but 

people who had been face-

blind from birth, they got a 

completely di� erent—and 

unexpected—result:  e mem-

bers of that group actually did 

about as well as normal people 

at guessing whether faces were 

more like Dan’s or Jim’s. What’s 

more, they fell prey to the facial 

aftere� ect. Anti-faces changed 

their performance in the same 

way they changed the perfor-

mance of normal people.

Additional tests yielded the 

same kinds of results. SM failed 

to show any sign of perceiving 

face space, while the six people 

born face-blind showed normal 

face space e� ects. People with 

normal face recognition will 

say that caricatures are more 

distinct than “anti-caricatures,” 

which are closer to an average 

face. So will people who were 

born face-blind.  ese people 

Our brains do not store a photographic image of every 
face we see. Instead, they carry out a mathematical 
transformation of each face, encoding it in “face space.” 

the memory didn’t last long. If 

Behrmann and her colleagues 

then showed SM Dan-like 

and Jim-like faces and asked 

which one they looked like, 

his answers were never better 

than chance.  e scientists 

then tried to trigger a facial 

aftere� ect by � rst having him 

look at Anti-Dan and Anti-Jim. 

 e experience had no e� ect on 

SM’s answers. Looking at Anti-

Dan, for example, he was no 

more likely to guess correctly 

that Dan-like faces looked 

like Dan. 

All in all, the experiments 

revealed that SM’s experience 

with face space was drastically 

di� erent from that of normal 

people. But when Behrmann 

and her team tested the six 

also found the caricatures to be 

more realistic than the anti-

caricatures—just like people 

with normal brains.

 ese results suggest that it 

is possible to be face-blind and 

yet still retain face space.  ey 

also provide clues to where in the 

brain face recognition unfolds. A 

number of scientists study facial 

recognition by putting people in 

brain scanners and looking for 

regions that are especially active 

when the subjects look at faces. 

One region that consistently 

lights up in these studies is a 

small patch of neurons on the 

underside of the brain known as 

the facial fusiform area.  at is 

precisely the part of SM’s brain 

that was damaged in his accident. 

People who are born face-

brains have to forward that 

information to other regions of 

the brain for more processing. 

If the connections along this 

face-recognizing network are 

too weak (the result, perhaps, of 

a genetic disorder), then people 

will be born face-blind.

It will take more research to 

fully decipher how we recog-

nize faces, but there are some 

practical reasons, beyond sheer 

fascination, to keep up the 

search. By unlocking the secrets 

of how our brains encode faces, 

scientists may be able to make 

computers better able to rec-

ognize us. And once scientists 

understand how most of us 

recognize faces, they may � nd 

a way to help the millions of 

people who can’t. 
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the massive gush of oil that started on april 

20 and ran for 86 days was a disaster, obviously, 

but it was also a grimly informative experiment. In 

its wake we are learning all kinds of lessons about 

deep-drilling technology, about the environment 

and ecology of the Gulf of Mexico, and about the 

future direction of our energy supply.

It may be hard to appreciate now, but 2010 

started as a banner year for oil. � e world’s energy 

giants were on the move, dispatching their sharpest 

petroleum engineers, sophisticated seismic probes, 

and huge rigs to some of the most forbidding places 

on the planet, from the Gulf of Mexico to Greenland. 

Corporate boardrooms gushed with con� dence. “bp

operates at the frontiers of the energy industry,” the 

company announced in its 2009 annual report. “We 

are exceptionally well placed to sustain our success 

in the deepwater Gulf of Mexico over the long term.” 

� e economic message from all of this explo-

ration still holds true: � e world is not running 

out of oil—it is running out of easy oil. By using 

the new technology, remote stashes of oil long 

dismissed as too di�  cult or expensive to plumb (in 

the 30- to 65-million-year-old Lower Tertiary crust 

below the Gulf, or in the even more ancient Creta-

ceous sedimentary rocks o�  the coasts of Ghana 

and Brazil) are within reach. Innovative prospecting 

techniques like three-dimensional sonar, which 

1
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emits sound waves from multiple 

angles, help discovery crews see 

through opaque and shifting lay-

ers of geological salt to pinpoint 

oil hidden four miles or more 

beneath the Gulf of Mexico and 

o
  the Atlantic coasts of South 

America and Africa. Ultra-strong 

� exible pipes, remote � ow-control valves, and vibration-resistant drill 

rigs can protect the prospecting equipment against corrosion, thermal 

shock, and crushing water pressure at the ocean � oor. 

� e environmental message of the worst o
 shore oil spill on record (4.4 

million barrels) is less clear and still unfolding. On November 2 the U.S. Fish 

and Wildlife Service reported that more than 6,000 birds, 600 sea turtles, 

and 100 mammals had died within the spill area—probably a substantial 

undercount. � at same day, a research vessel seven miles from the spill site 

discovered dozens of communities of dead and dying coral. “We can’t begin 

to fathom what the long-term e
 ects on the marine food chain will be. 

� is remains a giant, uncontrolled science experiment, with birds and all 

the communities that depend on the Gulf as the unwitting subjects,” stated 

� omas Bancroft, chief scientist for the National Audubon Society. � at 

includes the human communities: By late last year, bp was facing some 

370,000 damage claims by businesses and individuals in the Gulf region.

A substantial but unknown portion of the oil from the Deepwater 

Horizon well never made it to the surface but remained trapped in the 

ocean’s midwaters. Here the news is more murky, though perhaps more 

encouraging. Lawrence Berkeley National Laboratory ecologist Terry 

Hazen led a study, published in Science in October, that uncovered new 

species of oil-guzzling bacteria with genes that allowed them to � ourish 

in the cold, high-pressure conditions of an oil plume 3,600 feet beneath 

the surface. Such microbes act as a natural cleanup crew. “� e Gulf is a 

great place for these bacteria because it has more natural oil seeps than 

any other place in the world,” Hazen says. “When the spill began, they 

didn’t need an acclimation period.” 

Politicians were quick to declare their own lessons from the Deep-

water Horizon blowout. Never again, they vowed, would the planet 

be forced to sit by, powerless, while oil execs confessed—after the 

fact—that stopping a leak at such depths is like performing “open-heart 

surgery at 5,000 feet in the dark,” as bp America’s chairman and president, 

Lamar McKay, told abc News about the early attempt to plug the well by 

Clockwise from top: The burning rig on April 21; scientists release cleaned 
birds; dead fish in Louisiana; aerial view of spill site on May 6. Previous page: 
The day after the explosion, oil spreads on the Gulf surface as the rig burns.

Remote stashes of 

oil long dismissed as 

too diffi cult or 

expensive to plumb are 

within reach. Three-

dimensional sonar can 

pinpoint oil hidden 

four miles beneath the 

Gulf of Mexico.”
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triggering the failed blowout 

preventer. 

“Now we know that the 

worst-case scenario is not 

just something you dream 

up,” says Leta Smith, an 

oil expert at ihs Cera, an 

energy think tank. “It’s a 

possibility that we have to 

prepare for.” On September 30, the U.S. Department of the Interior 

issued new rules meant to upgrade safety equipment and tighten 

well control as well as force oil companies to show regula-

tors detailed plans of how they will manage risks and prevent 

blowouts at o� shore oil and gas sites. Deepwater operators will 

be required to boost workplace safety and keep submarine robots 

and operating crews at the ready in case of emergencies.

Yet the forces that propelled the scramble for extreme oil 

remain remarkably unchanged. Yes, U.S. Secretary of the Interior 

Ken Salazar issued a temporary moratorium on new deepwater 

drilling. Yes, Italy recently issued a ban on deepwater drilling with-

in � ve miles of its coast. But these could be just speed bumps on 

the path to even more deep drilling. “Some countries, particularly 

the oecd [Organization for Economic Cooperation and Develop-

ment] nations, are reviewing [safety] regulations while not taking 

extreme actions,” Smith says. “We have yet to revise downward 

our outlook for deepwater production outside the United States.” 

Chevron and bp are gearing up to drill in the deep waters o�  the 

Shetland Islands. Brazil’s Petrobras–$70 billion richer after staging 

the largest-ever public share o� ering in September–is ramping up 

for commercial production from a vast cache of “pre-salt” oil lying 

farther (180 miles) from shore and buried deeper (4.5 miles below the 

Atlantic) than bp’s Gulf holdings. And 

on October 21, just days after Wash-

ington lifted the deepwater drilling 

moratorium, Chevron announced a 

$7.5 billion project to develop two oil 

� elds, Jack and St. Malo, lying 7,000 

feet below the waves 280 miles south 

of New Orleans. 

Currently, 6 percent of all oil 

—about 5.2 million barrels a day 

—comes from deepwater wells 

(2,000 feet or more beneath the 

surface). A year ago, ihs Cera pre-

dicted that the world would draw 

one in every ten barrels of oil from 

deepwater reserves by 2020. “Our 

prediction has not changed,” Smith says. “� ere’s been a slowdown 

in companies applying for permits in the Gulf and a tightening of 

industry regulations in general, but the rest of the world is moving 

along into deepwater.” Deepwater oil production should reach nearly 

10 million barrels per day by 2015.

� e problem is simple: Renewables might be the future, but oil 

and gas are still the energy sources that keep the world running. 

� e International Energy Agency (iea) projected in November 

that oil demand will grow steadily for the next 25 years, reaching 

about 99 million barrels per day by 2035, up 15 million barrels 

daily from 2009. “All of the net growth comes from non-oecd 

countries, almost half from China alone,” says iea’s World Energy 

Outlook report. China edged out the United States as the number 

one energy consumer in 2009, and China’s daily demand for oil is 

projected to triple to 13 million barrels a day by 2035.

Steven Chu, the U.S. Secretary of Energy, has no illusions about 

what it will take to dislodge 

oil as the world’s transporta-

tion fuel of choice (see page 

42). “It won’t happen over-

night; it won’t happen even 

in a decade,” he says. “It’s 

going to be several decades, 

so we have to start thinking 

about this now. You could 

say this is a wake-up call.” 

Right and below: Testing a 

model of an offshore drilling 

platform at Petrobras, the 

Brazilian oil giant.

P
A

G
E

S
 1

4
-1

5
: 

G
E

R
A

L
D

 H
E

R
B

E
R

T
/A

P
 P

H
O

T
O

. 
P

A
G

E
S

 1
6

-1
7

: 
C

L
O

C
K

W
IS

E
 F

R
O

M
 T

O
P

: 
J

O
N

 T
. 

F
R

IT
Z

/G
E

T
T

Y
 I

M
A

G
E

S
; 

R
O

B
E

R
T

 B
R

A
Z

Z
E

L
L

/
T

O
M

 S
T

A
C

K
 &

 A
S

S
O

C
IA

T
E

S
; 

P
J

 H
A

H
N

/
P

L
A

Q
U

E
M

IN
E

S
 P

A
R

IS
H

; 
M

E
L

IS
S

A
 G

O
L

D
E

N
/

R
E

D
U

X
 P

IC
T

U
R

E
S

. 
T

H
IS

 P
A

G
E

: 
R

IC
A

R
D

O
 A

Z
O

U
R

Y
/

R
E

D
U

X
 P

IC
T

U
R

E
S

 (
2

)

Currently, 6 percent 

of all oil—about 5.2 

million barrels a 

day—comes from 

deepwater wells. 

Deepwater oil 

should reach nearly 

10 million barrels per 

day by 2015.”
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GENETICS

T E X T  B Y  K A T H L E E N  M C A U L I F F E

no one could accuse human 

genome pioneer J. Craig Venter 

of lacking chutzpah. In May 

2010 he made good on another 

of his audacious goals, creating 

an arti	 cial living cell by syn-

thesizing the entire genome of 

a bacterium and transplanting 

it into another. 

At a news conference, 

Venter hailed the new organ-

ism as “the 	 rst self-replicating 

species…on the planet whose 

parent is a computer.”


 e breakthrough, which 

took 15 years and consumed 

$40 million, involved building 

the genome of Mycoplasma 

mycoides (a bacterium that 

infects goats) from chemi-

cals in the laboratory and 

then tagging it with a gene 

that turns the organism blue. 

Venter’s team transplanted 

the fabricated genome into a 

closely related bacterium that 

had been stripped of its own 

dna, and after many attempts 

to jump-start the combination, 

managed to create an organism 

that morphed, over the course 

of a single weekend, into a 

blue bacterium that displayed 

all the characteristics of the 

implanted dna.

A few environmental watch-

dog groups voiced concern that 

arti	 cial life might somehow 

escape the laboratory and 

become an invasive species or 

pose dangers as yet unforeseen, 

and President Obama asked the 

Presidential Commission for 

the Study of Bioethical Issues 

to explore the implications of 

Venter’s work.

Scientists have already 

synthesized the genomes of 

the poliovirus and the 1918 

in� uenza strain, and molecu-

lar biologist Anthony Forster 

of Vanderbilt Univer sity 

acknowledges that safety is 

always a concern. But with 

proper safeguards in place, he 

believes that synthetic life can 

provide enormous bene	 ts. 

“
 e success brings us closer 

to altering genomes in a much 

more designed manner—for 

example, creating microbes 

that can help produce drugs or 

churn out biofuel,” he says. 

Venter himself has declared 

these applications to be his 

primary commercial goals. In 

October he started a new com-

pany that will work with the 

pharmaceutical giant Novartis to 

create next-generation � u vac-

cines. And Synthetic Genomics, 

the company he founded in 

2005, aims to create fuel-pro-

ducing microbes, including 

algae biofuels in a $300 million 

agreement with ExxonMobil. E
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Algae strains for biofuels are under study within photobioreactors at Venter’s company, Synthetic Genomics.
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When you published Sociobi-

ology in 1975, you faced enor-

mous resistance, especially 

to the implication that human 

nature was genetically based. 

Now your colleagues are 

defending one of key tenets in 

your book—kin selection—while 

you try to dismantle it. What 

do you make of the shifting 

attitudes in your field? 

Interesting, isn’t it? But I’m not 

so sure I pivoted that much on 

kin selection in Sociobiology. If 

you look at the opening pages, 

I had a diagram showing how a 

future science of sociobiology 

would be built. Kin selection 

was a nice little part of it in 

1975, but Sociobiology went 

way beyond that. It goes into 

demography: how groups are 

formed, how they compete, 

how communication evolves. 

Together with ecology and pop-

ulation genetics, it all formed a 

framework to help explain the 

origin of social behavior. 

Yet a generation of sociobi-

ologists built their research 

around the idea of kin selec-

tion. How did that happen? 

� ey were enchanted by kin 

selection because it appeared 

to have a basis in mathematics. 

It seemed solid and it looked 

good. It was glamorous. 

Your new paper states that 

the mathematical underpin-

ning of kin selection, called 

the Hamilton inequality, does 

not work. Why not? 

When analyzed to the bottom 

of its assumptions–when we 

ask under what conditions it 

could hold—it applies only to a 

very narrow set of parameters 

that don’t actually exist on 

Earth. Inclusive � tness turns 

out to be a phantom measure 

that cannot be obtained. 

If inclusive fitness is wrong, 

how do you explain “eusocial-

ity”—when individuals reduce 

their ability to have offspring 

of their own to raise the off-

spring of others?

It turns out that there’s only 

one condition that has to be 

reached in the course of evolu-

tion for eusociality to emerge: A 

mother or father must raise their 

I N T E R V I E W

In 1975 Harvard biologist E. O. Wilson published Sociobiology, 

perhaps the most powerful refinement of evolutionary theory 

since On the Origin of Species. Darwin’s theory of natural selection postulated a brutal world 

in which individuals vied for dominance. Wilson promoted a new perspective: Social behaviors 

were often genetically programmed into species to help them survive, he said, with altruism—

self-destructive behavior performed for the benefit of others—bred into their bones.

In the context of Darwinian selection, such selflessness hardly made sense. If you sacrificed 

your life for another and extinguished your genes, wouldn’t the engine of evolution simply pass 

you by? Wilson resolved the paradox by drawing on the theory of kin selection. According to this 

way of thinking, “altruistic” individuals could emerge victorious because the genes that they share 

with kin would be passed on. Since the whole clan is included in the genetic victory of a few, the 

phenomenon of beneficial altruism came to be known as “inclusive fitness.” By the 1990s it had 

become a core concept of biology, sociology, even pop psychology. 

So the scientific world quaked last August when Wilson renounced the theory that he had made 

famous. He and two Harvard colleagues, Martin Nowak and Corina Tarnita, reported in Nature that 

the mathematical construct on which inclusive fitness was based crumbles under closer scrutiny. 

The new work indicates that self-sacrifice to protect a relation’s genes does not drive evolution. In 

human terms, family is not so important after all; altruism emerges to protect social groups whether 

they are kin or not. When people compete against each other they are selfish, but when group selec-

tion becomes important, then the altruism characteristic of human societies kicks in, Wilson says. 

We may be the only species intelligent enough to strike a balance between individual and group-level 

selection, but we are far from perfect at it. The conflict between the different levels may produce the 

great dramas of our species: the alliances, the love affairs, and the wars. 

3

text by PAMELA WEINTRAUB photography by GERALD FÖRSTER

Biologist E. O. Wilson is overturning the 

famous theory that evolution naturally 

encourages creatures to put family first.
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young within reach of adequate 

resources at a defensible nest. 

Getting from the solitary lifestyle 

to one that includes a defensible 

nest can be done in one evolu-

tionary step—one gene change. 

� is turns the concept of inclu-

sive � tness on its head, because 

the gene change and the social 

behavior came � rst. Kinship is a 

consequence of that, not a cause. 

How do these ideas play out 

in the natural world?

Let’s take the example of a 

bird with helpers at the nest. 

Supporters of inclusive � tness 

point to a correlation between 

the amount of help that the 

young birds give when they stay 

at home and how closely they 

are related to the parents and 

each other. But the young birds  

are looking after their extended 

family only until they have fami-

lies of their own. By analogy , you 

might stay home and babysit 

for younger siblings after col-

lege, but it’s not out of a sense 

of kinship toward them. It’s 

because it makes � nancial sense 

until you � nd a job and move 

out. What these researchers 

unwittingly do not mention 

in their studies is that cases 

of inclusive � tness  are quite 

unusual in an important way. 

Each of the bird species lives 

in an area where nest sites and 

territories are very scarce, very 

hard for young birds to get. 

Can you give an example of 

such overinterpretation?

I recently had the opportunity 

to visit an endangered species 

called the red-cockaded wood-

pecker in Florida. � is is the 

only species in the world that 

drills nests in live trees. Why 

do these birds drill in live trees? 

Because when they enter the 

tree it exudes large amounts 

of sticky sap all around the 

entrance hole. � e birds can � y 

in and out, but their princi-

pal predator, the rat snake, is 

prevented from entering by this 

sticky mess. Now, � nding the 

right kind of tree and drilling 

the hole takes a long time, as 

much as a year, for a young male 

red-cockaded woodpecker. It is 

to his advantage to stay with his 

parents and help them out while 

he is doing that. Maybe there is 

some kin selection going there, 

but that’s not what’s causing the 

behavior of staying at home and 

helping. When the young male 

completes his hole, he courts a 

female, they move in, and they 

start a nest there of their own. 

� at is the incentive that keeps 

him there. 

How would you interpret this 

behavior within your new 

framework? 

� e alternative hypothesis is 

that it is to the advantage of 

kids to stay at home until they 

can � nd a place to go. � is 

is called the “anticipation of 

BIOLOGY
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inheritance.” If Mom or Dad 

dies, you’ve got their nest and 

their territory. If they don’t, you 

stay, and it’s to your advantage 

to help, and it’s to their advan-

tage to have your help until 

you can get a territory of your 

own. Basic natural selection 

explains it; no kin selection 

required. 

Seen that way, it is difficult 

to understand why anyone 

attributed this kind of behav-

ior to kin selection in the 

first place. 

� at’s what I point out in our 

Nature critique. Researchers 

have gone at it backward. 

Instead of studying what’s 

going on and seeking the best 

explanation, they start by look-

ing for a test to demonstrate it’s 

really kin selection. 

 

What about the classic kin-

selection example, worker 

bees sacrificing themselves for 

their queen? How else can you 

explain that? 

� e best way to think of what 

has been called altruism in 

social insects is to return to an 

individual level of selection: 

that is, queen to queen. � ink 

of the workers as robots and 

near-replicants of the queen 

herself. From the beginning 

these subordinate replicants 

are just extensions of the 

queen. It really is queen against 

queen, since they are the only 

ones that produce o� spring.

But whether or not bees are 

altruistic, altruism certainly 

exists in humans. Humans are 

di� erent because we seem to 

have true multilevel selection. 

On one level, individual selec-

tion goes on inside groups, 

with people competing against 

each other and producing 

what we think of as sel� sh 

behavior. On another level, 

selection goes on between 

groups. Group selection tends 

to reinforce altruistic behavior 

in individuals because without 

altruistic individuals, the 

group is at a disadvantage in 

competition and combat with 

other groups. But that is not kin 

selection.

It seems as if kin selection 

could actually damage the 

group. For instance, nepotism 

weakens a group, doesn’t it? 

On the level of the group, nepo-

tism is counter-evolutionary. 

A group of altruists will beat 

a society of sel� sh individuals 

every time. Group selection 

favors biological traits like com-

munication and cooperation 

that are needed for the group to 

remain cohesive and powerful. 

In humans, there’s a constant 

struggle between group selec-

tion and individual selection 

that is unique. Humans man-

aged to � nd a way to strike a 

balance. It took a lot of intel-

ligence, but that is a story for 

another day. 

From an evolutionary perspec-

tive, then, does kinship matter 

at all in humans? 

You can have kin selection 

incidentally. You can certainly 

increase your genes by giving 

up your job and your marriage 

and taking care of your sister’s 

kids. If you did it very well, that 

could result in an increase in 

your genes. But my point is 

that it doesn’t lead anywhere 

in terms of evolution. Inclusive 

� tness theory said that social 

behavior advances because 

kin � nd one another and bond 

together to spread their genes, 

and then a society emerges. 

But I’m afraid it’s the other way 

around. When people bond 

together, kin or not, they can 

become competitive as a group. 

 

Despite all this, your col-

leagues are digging in and 

defending kin selection with 

passion. How do you respond? 

It’s gonna be a battle royal—and 

not pretty. You might know 

Schopenhauer’s three stages 

of response to a new idea. � e 

three are one, ridicule, and I’ve 

been through that already. Two, 

outrage. And three, the declara-

tion that it’s obvious. 

You seem to be passing 

through stage two right now. 

One letter to Nature is signed 

by 144 people. � eir argu-

ment has been around for four 

decades, but nothing in the 

letter addresses the challenges 

we raised: that the mathemati-

cal ground of inclusive � tness 

theory is unsound and that, 

when you compare compet-

ing hypotheses, outcomes 

are much more directly and 

convincingly explained by 

mainstream natural selection. 

But for now it seems like the 

bulk of scientific opinion is 

against you. 

Science is not done by polling. 

Have you ever heard of “100 

Scientists Against Einstein?” 

It was a pamphlet signed by 

100 physicists to overthrow his 

theory of relativity. After they 

published it, Einstein remarked, 

“Why 100 authors? If I were 

wrong, then one would have 

been enough!” 

Your new take on evolutionary 

theory seems to echo an older 

view of human nature: more 

about competition, less about 

compassion. Do you agree?

If you look at the humanities 

and much of the creative arts—

especially the dramatic stories 

of war, alliance, and love—

many literary themes describe 

the con� ict between group and 

individual selection. When we 

look at human evolution in this 

new way, it’s going to be much 

more productive. We now have 

solid grounding for explaining 

our social behaviors in terms of 

the multiple levels of selection 

that actually occur. 
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4
ENVIRONMENT

in 2010 climate researchers struggled 

to move past the controversy that had rocked 

their community the year before. The accu-

sation was incendiary: that scientists had 

grossly exaggerated the case for global warm-

ing by manipulating their data. � e evidence 

was murky: more than 1,000 e-mails and docu-

ments exchanged by leading climate scientists, 

which had been hacked from their computers. 

But the verdict, as delivered by five separate 

investigations, was clear: � e accused scien-

tists were exonerated of any misconduct. 

� ree British investigations focused on the 

Climate Research Unit at the University of 

East Anglia, site of the stolen e-mails and a 

leading center for studying global warming. 

Meanwhile, two American panels examined 
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the integrity of Michael Mann, 

a prominent climate researcher at 

Pennsylvania State University. All � ve 

groups concluded that none of the scientists 

had violated academic standards. “We � nd that their rigor 

and honesty as scientists are not in doubt,” declared a report head-

ed by Sir Muir Russell, chair of one of the British investigations.

Lisa Graumlich, a University of Washington paleoecologist who 

served on another British group, led by Lord Ronald Oxburgh, 

looked into a broader charge: whether there was something “funda-

mentally broken” about the integrity of the Climate Research Unit. 

Such charges, she determined, were baseless. On the contrary, as 

the Ox burgh panel’s � nal report put it, the attacks leveled against the 

scientists “showed a rather selective and uncharitable approach to 

information made available by the cru.” Michael Mann was more 

blunt. In an e-mail to me, he asserted that the people who attacked 

his work “don’t have the science on their side, and they surely know 

this. So smears and disinformation are all they have left.” 

Despite the vindications, climate researchers spent much of 2010 

defending their science. � e year began with members of the Inter-

governmental Panel on Climate Change (ipcc) disavowing part of its 

2007 report. � e panel had written that the glaciers of the Himalayas 

could vanish by 2035 but in 

January retracted the statement 

as “poorly substantiated.” A storm of 

scolding news coverage followed. According to 

a 2010 Gallup poll, 48 percent of Americans believe reports 

of global warming are exaggerated, up from 41 percent in 2009. 

Climate policy, too, stalled in 2010. Over the summer President 

Obama sketched a concept for a cap-and-trade bill that would leg-

islate significant cuts in the United States’ carbon emissions, but 

widespread skepticism—along with a weak economy—forced Senate 

majority leader Harry Reid to concede last July that such a bill would 

not pass. Last year China surpassed the United States as the world’s 

leading investor in renewable power, according to the Pew Environ-

ment Group, a development with an obvious double-edged message. 

Meanwhile, atmospheric carbon dioxide levels continue to 

climb, up about 20 percent over the past half century. John Hough-

ton, the former head of the science working group of the ipcc, 

says to limit the worst e� ects of climate change in the decades 

ahead, greenhouse-gas emissions will have to peak before 2020. 

Unless major strides happen quickly, there seems little chance of 

that happening. “� e global warming story is unequivocal, really,” 

he says. “It will be a major problem for the next generation.” 

Global temperature 
map shows how 
temporary variations 
obscure complex cli-
mate trends. December 
2009 was unusually 
chilly; colder-than-
average regions are 
shown blue.
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5
GENETICS

FAMILY GENOMICS 
LINKS DNA TO DISEASE

a decade ago, sequencing 

the dna in a person’s entire 

genome cost up to $1 billion, a 

price so prohibitive that only a 

few genetics pioneers had the 

honor of having it done. In 2010 

the cost per genome tumbled 

to less than $10,000, making it 

possible to study dna varia-

tions within a single family. 

Almost immediately such famil-

ial genome sequencing proved 

its value, uncovering mutations 

responsible for diseases caused 

by defects in a single gene. 

“
 ere are literally hundreds, 

if not thousands, of diseases 

falling into this category. 
 is 

approach will allow us to very 

quickly � nd the genetic culprit,” 

says Leroy Hood, a geneticist at 

the Institute for Systems Biol-

ogy in Seattle.

Earlier e� orts to hunt 

down disease-causing genes—

so-called genomewide associa-

tion studies—frequently came 

up empty-handed because 

medical researchers had to take 

cost-saving shortcuts. Instead 

of trolling an individual’s entire 

genome, they limited their 

search to dna regions where 

variations are most often seen 

across large populations. “It 

was assumed that common 

variants might be responsible 

for common diseases, but many 

diseases turn out to have many 

di� erent rare variants at their 

root,” says James Lupski, a medi-

cal geneticist at Baylor College 

of Medicine in Houston. “
 at’s 

why the power of whole-genome 

sequencing blows us away. It’s 

the only way we can get at these 

rare variants.”

Lupski himself su� ers from 

Charcot-Marie-Tooth neuropa-

thy, a rare hereditary disorder 

that reduces sensation in the 

limbs. Although neither of his 

parents had the condition, three 

of his seven siblings are also 

a� ected by it. “For 20 years we’ve 

been looking for the gene and 

mutation behind my family’s 

neuropathy, but we never found 

the variant,” he says. 
 en, in 

2010, collaborating with his 

colleague Richard Gibbs and 

other Baylor geneticists, Lupski 

sequenced his own genome 

—and “Boom! We found it,” he 

says. (Each of his parents, it turns 

out, carried a di� erent recessive 

mutation of the same gene. 

Consequently, only their children 

who inherited one from each par-

ent developed the disorder.)

Other groups are � nding 

similar success with whole-

genome sequencing. A 2010 

study led by Hood in collabo-

ration with the University of 

Washington and the University 

of Utah sequenced the entire 

genomes of four family mem-

bers. 
 e mother and father 

were healthy, but their son and 

daughter both su� ered from a 

rare hereditary disorder called 

Miller syndrome, which causes 

craniofacial deformation. 
 e 

gene responsible was unknown 

until Hood’s team identi� ed a 

recessive gene inherited from 

both parents. If you could diag-

nose the disease in utero, you 

might be able to provide pre-

ventive drugs before symptoms 

appeared, Hood says.

Still unclear is whether 

whole-genome sequencing 

will work as well at identifying 

the culprits for cancer, heart 

disease, and other disorders 

believed to involve multiple 

genes rather than a single muta-

tion. Progress may be slower 

on that front, Duke University 

geneticist David Goldstein says. 

But even when the genetic 

mechanism is more complex, he 

adds, the new approach might 

yield insights into underlying 

disease processes that could 

pave the way for more � nely 

targeted treatments. T E X T  B Y  K A T H L E E N  M C A U L I F F E

An individual with 

Miller syndrome paints 

his own DNA.
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PUBLIC HEALTH

bedbugs are not staying in bed. over the past year, the parasites have infested movie theaters, department stores, motels, 

even Victoria’s Secret. In New York City, complaints about bedbugs more than doubled between 2006 and 2009. In September the Centers 

for Disease Control and Prevention and the Environmental Protection Agency issued a joint paper informing the public how to combat 

these pests. § Researchers blame the rapid spread of bedbugs on increased international travel and the bugs’ growing resistance to certain 

pesticides. � e ban on DDT probably also played a role. DDT sticks around for a long time in the environment; this made it particularly 

e� ective against bedbugs, which can live a year without feeding. Whatever the reason for the invasion, we weren’t ready for it. “No one since 

the 1950s has had bedbugs on his mind,” says Louis Sorkin, an entomologist at the American Museum of Natural History. “Public education 

was lacking, doctors didn’t know the symptoms of bites, and exterminators were treating them like cockroach infestations. � is was a new 

insect to understand.” § � e bedbug’s preference for remote hiding places, a key to its proliferation, may have something to do with its sex 

life. Bedbugs procreate through “traumatic insemination”: � e males painfully stab the females through the abdomen, depositing semen 

in their body cavity. Females tend to disperse farther from a bed than male bugs do; the theory is that they are � eeing their suitors. § Even 

without DDT, a good exterminator can rid a home of bedbugs, but the price is steep: about $1,000 to clear out a two-bedroom apartment. 

6ATTACK OF THE BEDBUGS
T E X T  B Y  M I C H A E L  A B R A M S
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THE MAP OF EVERYTHING
T E X T  B Y  A N D R E W  G R A N T
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COSMOLOGY

In July the European Space Agency released a new map showing the universe in its infancy, 13.7 billion years ago—just 300,000 years after the Big Bang. In 
this full-sky image, created with data from the new Planck space telescope, red and orange areas represent primordial lumps that gave rise to giant clusters of 
galaxies. The blue and white zones comprise very different signals, mostly emissions from relatively nearby clouds of gas and dust in our galaxy. Planck 
scientists plan to strip out those local features to get an even clearer picture of the early evolution of the cosmos. A full release of data is coming in two years.  
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8
MEDICINE

OBESITY REACHES
EPIDEMIC 
PROPORTIONS

the rate of obesity in american adults was supposed to 

have fallen to 15 percent or less by now. But not one state has 

achieved this goal, set forth a decade ago by the Department of 

Health and Human Services in its report “Healthy People 2010.” 

In August the Centers for Disease Control and Prevention (cdc) 

announced negative progress: � e number of states reporting a 30 

percent obesity rate has jumped from zero to nine.

“Obesity rates in some states are still screaming up the curve,” 

says J. Michael Gaziano, a cardiologist at Brigham and Women’s 

Hospital in Boston, who dubbed our era the “Age of Obesity and 

Inactivity” in a January 2010 editorial in the Journal of the Ameri-

can Medical Association. Mississippi now has the highest rate of 

obesity in the country, with 34.4 percent of adults a� ected, accord-

ing to the cdc. Other states top-

ping 30 percent include Mis-

souri, Kentucky, West Virginia, 

Tennessee, Arkansas, Oklahoma, 

Louisiana, and Alabama. Colo-

rado had the lowest obesity rate 

in the nation, at 18.6 percent of 

adults—still above the target. 

Fighting back against this 

grim trend, public-health offi-

cials have begun to embrace the 

sort of tough measures previ-

ously wielded against cigarette 

smoking. � e most notable suc-

cess last year came with the pas-

sage of a measure in the Patient 

Protection and Affordable Care 

Act of 2010 requiring nearly all 

chain restaurants to include cal-

orie counts on their menus. 

On the research front, mean-

while, investigators are mak-

ing some progress in grasping 

obesity’s causes. A provocative 

study published in Science in April 2010 suggests that a change 

in the bacterial population of the gut contributes to the risk of 

metabolic syndrome, which is characterized by elevated weight, 

blood pressure, blood sugar, and blood fat. Researchers led by 

Emory University pathologist Andrew Gewirtz found that mice 

genetically de� cient in an immune system receptor have altered 

gut bacteria, eat more than normal mice do, and develop features 

of metabolic syndrome. However, Gewirtz says it is “unlikely that 

there will be a single causative bacterium for obesity as there 

is for ulcers.” 

In fact, despite the surge in obesity, no progress was seen this 

year on approved medical treatments available to consumers 

struggling to lose weight. The Food and Drug Administration 

refused to approve two investi-

gational appetite suppressants, 

Qnexa and lorcaserin, primarily 

out of safety concerns. Another 

weight-loss drug approved back 

in 1997, Meridia, was pulled from 

the market under pressure from 

the fda after studies showed it 

raises cardiovascular risk. And 

clearly, most current approaches 

to dieting are not effective: Up 

to 95 percent of people who lose 

weight eventually regain it. 

“We have to find medications 

that help us keep the weight off 

after we’ve lost it,” says research 

pediatrician Michael Rosenbaum 

of Columbia University, who is 

studying the use of the fat-signal-

ing hormone leptin for just that 

purpose. Whoever � nds the drug 

that can cure the obesity epi-

demic will surely end up rich as 

well as thin.

T E X T  B Y  D A N  H U R L E Y

X-ray shows effects 
of obesity, which now 
afflicts more than a 
quarter of Americans, 
according to the CDC.
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TECHNOLOGY

it’s a plot straight out of 

Hollywood: Mysterious hackers 

create a malicious computer code 

designed to seize control of criti-

cal equipment worldwide. It turns 

out it really happened. In June a 

computer security � rm in Belarus 

found a sophisticated, aggres-

sive, self-replicating program, or 

worm, on a client’s computers in 

Iran. � e program was designed 

to attack and sabotage control 

systems used in manufacturing 

facilities, power grids, pipelines, 

and nuclear plants. 

No one knows where the worm 

was created or what it was target-

ing. Researchers know only that 

it was capable of causing physical 

damage; for instance, it could 

make a motor rev too quickly and 

even blow up. “Using something 

in the cyberworld to control 

something in the physical world 

is something we’ve never seen 

before,” says Liam O Murchu of 

the computer security company 

Symantec. “We’ve never seen any 

industrial control system being 

attacked before, and we’ve never 

seen such an advanced threat 

that needed so many di	 erent 

skills to come together.”

Since � rst reported in June, the 

Stuxnet worm—which some call 

the world’s � rst “cyberweapon”—

has spread to 100,000 machines 

in more than 155 countries, 

though most are in Iran. Only 

a few machines in the United 

States have been infected. � e 

worm spreads via infected usb 

� ash drives and other means. 

Once loaded onto a computer, 

Stuxnet searches for industrial 

control software made by Sie-

mens, called Simatic WinCC/

Step 7. If Simatic software is not 

on the machine, the worm looks 

for vulnerable computers on the 

network to which it could spread. 

But if the software is present and 

con� gured a certain way, the 

worm begins its dirty task, inter-

cepting legitimate commands 

that control devices such as 

valves and pressure gauges and 

substituting potentially destruc-

tive ones in their place.

Computer and control system 

security professionals like Ralph 

Langner, who is based in Ger-

many, believe the Stuxnet worm 

was targeting Iran’s Bushehr 

nuclear power plant, its uranium 

enrichment facility at Natanz, or 

both. Iran has acknowledged that 

personal computers belonging 

to employees at Bushehr were 

infected by the worm but has 

insisted that computers run-

ning the nuclear facility itself 

remained unharmed. � ose 

reports cannot be veri� ed, how-

ever. Langner and other security 

experts believe that if the worm 

successfully hits its target, its 

victim would most likely never 

admit as much. � e attackers 

who created and launched the 

malicious software also remain 

unknown. Langner and others 

say the malware’s sophistication 

points to one or more well-

� nanced nation-states such as 

Israel or the United States, two 

countries with motive and the 

ability to conduct the attack. (Nei-

ther country has o�  cially com-

mented on the Stuxnet attack.)

� ose unknowns hint at the 

magnitude of the dangers that 

may follow in Stuxnet’s wake, 

Langner says. Now that Stuxnet 

has shown it is possible for a 

targeted piece of software to 

take command of an industrial 

control system, and now that 

the malware has been released 

on the Internet for other hackers 

to study, the bar has been low-

ered for destructive attacks on 

other control systems—whether 

at critical infrastructure or an 

industrial factory. “� e clock is 

ticking,” Langner says. “We are 

going to see copycats by the 

beginning of 2011.” 

WORLD’S FIRST 
CYBERWEAPON

T E X T  B Y  K I M  Z E T T E R

Visualization 

of a computer 

virus.
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MEDICINE

part of what makes alz heim-

er’s disease so pernicious is its 

stealth. Traditionally, it could 

be identi
 ed with certainty only 

by an autopsy. � at changed 

last year, when researchers 

used two tools to diagnose the 

disease with nearly 100 percent 

accuracy in living subjects, a 

feat that might ultimately allow 

patients to seek drug treatment 

before their condition becomes 

too advanced.

In the 
 rst method, doctors 

inject a radioactive dye that 

binds to amyloid plaque, a 

damaging protein that accu-

mulates in patients’ brains and 

is the hallmark of the disease; 

then they detect the dye with 

a pet scan of the brain. Last 

summer researchers at Avid 

Radiopharmaceuticals in Phila-

delphia used the technique to 

identify 34 of 35 Alzheimer’s 

patients, as later con
 rmed by 

autopsy. Given that 20 percent 

of people currently diagnosed 

with Alzheimer’s turn out to be 

su� ering from something else—

notably depression, B12 de
 -

ciency, Parkinson’s dementia, or 

vascular disease characterized 

by miniature strokes—this is a 

huge advance.

In the second technique, 

physicians insert a syringe into 

the spinal column, withdraw 

cerebrospinal � uid, and analyze 

it for the presence of amyloid 

and another disease-related 

protein known as tau. � e 

method was con
 rmed in 

August, when University of 

Pennsylvania scientists found 

the markers in 90 percent of 

cognitively impaired patients 

with the disease.

Neurologist David Holtzman of 

Washington University School 

of Medicine in St. Louis believes 

the tools will initiate a much 

needed revamping of Alzheimer’s 

drug trials, which currently 

focus on subjects already 

exhibiting signs of the disease. 

“Plaque formation tends to 

begin 10 to 15 years prior to any 

cognitive signs. If we’re going to 

make a major impact, we have 

to treat the patient early. Once 

the symptoms show, the dam-

age is probably irreversible,” 

Holtzman says. 

“Treatments already in place 

might work if used for preven-

tion instead of the later stages 

of disease,” Holtzman contin-

ues. “Now the challenge is to 

design experimental studies 

using biomarkers in cognitively 

normal people to determine 

who can really bene
 t from 

the drugs.”

To aid the a�  icted, new 

drugs are also in the works. One 

of the most promising ideas 

comes from Nobel laureate Paul 

Greengard of Rockefeller Univer-

sity in New York City, who dis-

covered an enzyme that spurs 

neurons to make the destructive 

amyloid plaque. Drugs that 

disrupt the enzyme, his animal 

studies suggest, could prevent 

Alzheimer’s with less risk of 

unwanted side e� ects—an 

approach that he expects to 

begin testing in human trials 

within three years. If all goes 

well (a big if in Alzheimer’s 

research), a therapy targeting the 

enzyme could be available to 

patients in less than a decade.

“Successful drug develop-

ment, imaging, and biomarkers 

go hand in hand,” says neurol-

ogy researcher Michael Wolfe of 

Brigham and Women’s Hospital 

and Harvard Medical School. 

“� ese diagnostic tools are a 

major step forward. Finally peo-

ple are being identi
 ed earlier 

and the right people are being 

selected for clinical trials to 

e� ectively test these drugs.” T E X T  B Y  K A T H L E E N  M C A U L I F F E

Brain scans revealing amyloid plaques (in red) allow early detection of 
Alzheimer’s. This could improve the evaluation of drug treatments.
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Where does exoplanet 

science stand now? 

It’s been an explosion. More 

than 450 exoplanets have been 

recognized. We can’t keep track 

of them. Fifteen years ago there 

was doubt whether we would 

� nd a single planet around a 

sunlike star, and here we are 

overwhelmed. Just vetting them 

and cataloging their masses and 

orbits has become a challenge. 

Which advances from last 

year were most important?

Studies of planetary orbits have 

brought incredibly exciting 

results. You would expect planets 

to orbit in the same direction as 

the star spins: If the star rotates 

counterclockwise, the planets 

should orbit it counterclock-

wise in a plane aligned with 

the star’s equator. In our solar 

system and in the � rst dozen 

exoplanets that we measured, 

that’s what happens. 	 en we 

started � nding some that were 

misaligned—planets with tilted 

orbits or planets going around 

their star in the opposite direc-

tion from its spin, in what we 

call a retrograde orbit. 

What is so important about 

backward planets?

Back in 1995, when we found hot 

Jupiters orbiting close to their 

stars, everybody said they form 

far away from the star and then 

lose energy and migrate closer. 

But that would never explain why 

they end up in these retrograde 

and misaligned orbits. Somehow 

their orbits get jerked out of that 

plane. It’s likely that violent gravi-

tational interactions between 

planets slingshot one of them 

close to the star, and then the 

orbit slowly circularized in some 

cockamamy orientation. 	 is is 

mind-blowing. It shows our old 

idea that these planets migrated 

closer to their star over time 

was wrong. We’ve all taught our 

students about migration, and it’s 

at best only partially right.

How can you estimate the 

number of Earth-size planets 

in the galaxy? 

	 e goal of this work that I 

did with Berkeley astronomer 

Andrew Howard was to measure 

the fraction of stars that have 

small planets in close orbits. We 

surveyed 166 stars for four years. 

When it was all said and done, 

the rate was about 12 percent. 

You can look up into the night 

sky, and about 12 percent of 

those stars have a super-Earth—

a planet with 3 to 10 times the 

mass of Earth—orbiting within 

the distance separating Mercury 

and the sun. As the size of the 

planets we looked for decreased, 

the number that we found 

increased: We found more plan-

ets with 3 times the mass of the 

Earth than planets with 10 times 

Earth’s mass, more planets 10 

I N T E R V I E W

The universe is looking a lot less lonely these days, and Geoff 

Marcy can take a lot of credit for that. An astronomer at the Uni-

versity of California, Berkeley, he is leading the search for exo-

planets: worlds that orbit other stars. His research has uncovered 

many oddities, such as hot Jupiters (gas balls that bake in thou-

sand-degree heat) and backward-orbiting objects, but he also 

found the first multiplanet system that is roughly analogous to the 

solar system. Last fall he estimated that, judging from his observa-

tions, our galaxy may contain tens of billions of planets roughly 

the size and mass of Earth. And now, as coinvestigator on NASA’s 

Kepler space telescope, he is close to finding some of them. In 

February, Kepler will release its first major set of observations; 

early word is that the data will include tentative identification of 

several hundred planets that are just slightly larger than our own.

1

text by MICHAEL LEMONICK photograph by THOMAS BROENING

Our galaxy may be home to billions 

of planets similar to our own. 

Astronomer Geoff Marcy is leading 

the hunt to find them. 1
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times as massive than 100 times, 

and so on. 
 is was a lifelong 

dream of mine, to have the 

distribution of planets down to 

three Earth masses, the smallest 

we could detect. Extrapolation 

of that trend suggests about one 

in four stars hosts an Earth-size 

planet, which we de� ne as one 

with a mass between one-half 

and two times the mass of Earth. 

We’re edging closer, but so far no 

one has announced the discov-

ery of a truly Earth-size object.

 

I notice you carefully said 

“so far.”


 at’s right. [Laughs.] Results 

from Kepler will be coming out 

in February, including the data 

from the 400 stars that have 

been held back until now. You 

can just bet what’s in there. 
 e 

implications of those planets 

are so profound that we’ve got 

to work harder before we make 

them public. I can’t reveal too 

much yet, but you get the idea.

There have been some grum-

blings about the withholding of 

that data. What’s your take? 

Aristotle wondered whether 

Earth was unique, and his ques-

tion is still with us. We were just 

asking for another six months 

to answer it carefully. Only after 

great deliberation at nasa did 

we decide that it was in the 

best interest of science to look 

really hard at those 400 stars 

that have interesting candidate 

planets. For my colleagues who 

are impatient, I sympathize. But 

Aristotle’s been waiting 2,400 

years—I bet he’s willing to wait 

another six months. 

What does that extra time 

allow you to accomplish?

Kepler looks for recurring 

decreases in a star’s bright-

ness, indicating that a planet is 

repeatedly passing in front of 

the star and blocking some of 

its light. 
 e littlest planets are 

very di�  cult to con� rm. We’re 

working our butts o� . 
 ere are 

about 30 people at nasa Ames 

working 18-hour days to get the 

photometry [star brightness 

measurements] right. To � nd 

an Earth, you’d better have pho-

tometry that’s unassailable at 

the one-hundredth of 1 percent 

level. No one has ever measured 

the brightness of stars to that 

precision minute after minute 

for a year. And once Kepler iden-

ti� es candidate small planets, 

we have to � gure out a way to 

rule out bogus ones. 
 at’s hard.

Aside from Kepler’s big reveal, 

what else do we have to look 

forward to this year?

One really exciting thing on the 

horizon is a new camera called 

the Gemini Planet Imager, which 

will be attached to the Gemini 

South telescope in Chile. It’s 

supposed to be � nished in mid-

2011. 
 ey’re building a super 

adaptive optics camera with a 

coronagraph that blocks a star’s 

light in order to image its planet. 

Right now there are three stars 

that I’m aware of for which there 

are imaged planets. [Most are 

studied indirectly, which limits 

what we can learn about them.] 

But this thing was designed 

speci� cally to � nd planets, and 

when it’s done, they’re going to 

� nd them in droves. 
 e Euro-

peans are building a competitive 

instrument for the Very Large 

Telescope. 
 ey’re both in the 

Southern Hemisphere, so they’ll 

be seeing the same goddamn 

stars. It’s a race. 
 e � rst camera 

to be completed and go on the 

telescope is going to � nd all the 

low-hanging fruit. 
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TECHNOLOGY

14 Super-
material Gets 
Supersized
Graphene—a superstrong, 
transparent, conductive mate-
rial made up of a single layer of 
carbon atoms—nabbed the 2010 
Nobel Prize for the physicists 
who isolated it. And no wonder: 
The material has the potential 
to revolutionize electronics if it 
can be produced in sufficient 

size and quantity. 
Last June researchers in 

South Korea, Japan, and 
Singapore announced a major 
step in that direction. They 
created sheets of graphene 30 
inches across (compared with 
pieces of just a few inches previ-
ously) and used them to build 
a working touch screen for the 
first time.

Materials scientist Jong-
Hyun Ahn and chemist Byung 
Hee Hong of Sungkyunkwan 
University in South Korea report 
that their graphene sheet—which 
they grew on copper foil—is both 
a better transparent conductor 

and a more flexible material than 
indium tin oxide, currently the 
leading choice in applications 
such as liquid crystal displays. 
To create the functional touch 
screen, they stacked the carbon 
sheets and attached them to a 
thin plastic film.

Hong says that large-scale 
manufacturing facilities should 
help drive down the cost of 
production, and touch screens 
based on graphene may be com-
mercially available in as little as 
two years. Other potential appli-
cations include better flat-panel 
displays and solar cells.

  STEPHEN ORNES

NEUROSCIENCE

12 Brain 
Map Shows 
You Think 
Like a Worm
Biologists have taken another whack 

at the human ego, showing that our 

brain’s cerebral cortex—the seat of 

higher thought—is eerily similar to a 

clump of neurons inside the head 

of the lowly marine ragworm. The 

ragworm’s brain, which evolved some 

600 million years ago, is so similar to 

the cortex that humans and worms 

must share a common ancestor.

Scientists knew that fruit flies, 

cockroaches, and other simple 

organisms have sensory processors 

that resemble a cortex, but these 

were “always interpreted as a striking 

example of convergent evolution of 

unrelated structures,” says molecular 

biologist Raju Tomer, who led the 

study at the European Molecular Biol-

ogy Laboratory in Germany. 

To test that idea in the ragworm, 

Tomer used a technique he had 

developed to examine the com-

plex brains of small creatures with 

unprecedented clarity: He created 

a high-resolution map of the worm’s 

brain cells according to the genes 

they express, not just their shape 

and location. When Tomer com-

pared the worm’s cells with those 

in a vertebrate cerebral cortex, he 

found they were too similar to be of 

independent origin.

That result, published in an article 

in the September issue of Cell, 

challenges the standard notion that 

the ability to think evolved from 

complex vertebrate behaviors like 

predation, Tomer says. Thought now 

appears to spring from something 

far more basic, he argues, like the 

ability “to distinguish between food 

and nonfood”—a feat the ragworm 

accomplishes with aplomb. 

MICHAEL ABRAMS

DISCOVER
MAGAZINE

.COM

Keep your finger on the pulse of science as it happens with 80Beats, the 
DISCOVER news aggregator at blogs.discovermagazine.com/80beats.

13

Five years after a caver in New York State first 
stumbled across a group of bats with white noses 
(including several dead ones), the disease known as 
white-nose syndrome has killed more than a million of 
the animals. Last year Geomyces destructans, the fun-
gus thought to cause the syndrome, stalked through 
14 states and two Canadian provinces, striking nine 
species of bats in more than 160 caves and mines. 
The fungus seems to disrupt hibernation, draining the 

bats’ energy. Once the disease takes hold in an area, it 
kills about 85 percent of the bats there within a year.

Using data from 23 sites, Winifred Frick, an ecolo-
gist at Boston University, helped model the disease’s 
impact on little brown bats. In August she reported 
that the species could vanish from the northeast-
ern United States within 16 years. The ecological 
consequences could include more mosquitoes and 
other undesirable insects that the bats eat.  EMILY ELERT 

Bats Devastated by Deadly Plague
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MEDICINE

15 Super-
vaccine Could 
Eliminate Flu
Every flu season, vaccine makers must 

bet on which strain of influenza A will 

pose the greatest threat to the public, 

and millions of Americans must decide 

whether to get a shot. In August, virolo-

gist Gary Nabel at the National Insti tutes 

of Health (NIH) announced progress 

toward a universal flu vaccine; two shots 

of it could provide years of protection 

from every known influenza A virus.

“We use a prime-boost strategy, 

meaning that we immunize with two 

vehicles that deliver the vaccine in dif-

ferent ways,” Nabel says. In their experi-

mental treatment, he and his colleagues 

injected mice, ferrets, and monkeys with 

viral DNA, causing their muscle cells to 

produce hemagglutinin, a protein found 

on the surface of all flu viruses. The ani-

mals’ immune systems then began mak-

ing antibodies that latch onto the protein 

and disable the virus. The researchers fol-

lowed the DNA injection with a traditional 

seasonal flu shot, which contains dead 

viruses. This one-two punch protected 

the test subjects against influenza A 

viruses that had emerged in 1934 and 

2007, and other experiments showed 

that the antibodies it generated suc-

cessfully neutralized a wide variety of 

flu strains. Nabel’s colleagues at the NIH 

are already testing similar approaches 

in humans.  AARON ROWE

ZOOLOGY

TECHNOLOGY

16 Google 
Whacked by 
Hack Attack
when a multibillion-dollar 

corporation gets quietly and spec-

tacularly hacked, the last thing 

you expect it to do is announce 

the breach to the world. Yet that’s 

exactly what Google did last Janu-

ary after discovering hackers had 

breezed past its security measures 

to burrow deep into its network.

	 e well-coordinated attack, 

dubbed Operation Aurora, began 

with an instant message to a Google 

employee in China that included a 

link to a malicious Web site. When 

the employee clicked on the link, 

the nefarious code downloaded to a 

computer, enabling the attackers to 

control it and hop to other machines 

in the company’s U.S. network. 

	 e intruders accessed a software 

repository used by Google develop-

ers, siphoned intellectual property, 

and viewed basic Gmail account 

information for at least two human 

rights activists who focus on China.

No fewer than 27 other com-

panies—� nancial institutions 

and defense contractors among 

them—were also attacked, but most 

remained mum. Google went public 

in part to counter the silence of its 

fellow victims. Google cofounder 

Sergey Brin said in February that 

“if more companies were to come 

forward with respect to these sorts 

of security incidents and issues, 

I think we would all be safer.” 

Google’s admission made other 

companies realize the sophistica-

tion of the attacks they might face, 

says Alan Paller, director of research 

at the sans Institute, which trains 

computer security professionals.

Although determining the 

precise source of a hack is often 

impossible, � ngers pointed at China 

as the likely origin, sparking a volley 

of political posturing from Beijing, 

Silicon Valley, and Washington, 

D.C. In its blog post reporting the 

cyberattack, Google announced 

it would stop censoring search 

results in China and threatened to 

pull out of the country entirely. In 

the end, the company only added 

a link to its Chinese search page, 

allowing users to view uncensored 

results through its Hong Kong–

based search engine.  kim zetter
Hemagglutinin 
protein from flu—a 
perfect target for 
vaccines. 37
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GENETICS

18 Helper 
Gene Makes 
Cancer Deadly
Cancer cells become deadly when 

they proliferate uncontrollably and 

overwhelm their healthy neighbors. 

Last July, biologists at University 

College London and Florida State 

University collaborated to tease out 

a crucial detail of how the process 

unfolds. The researchers identified 

a new gene, dubbed “Mahjong,” that 

determines whether the cancerous 

cells gain the upper hand. 

The researchers began by inves-

tigating a gene called Lgl, which 

normally suppresses tumor growth. 

Mutant forms of Lgl allow cancerous 

cells to reproduce unchecked. To 

understand that process, the Florida 

State group engineered a fruit fly to 

produce a mix of cells, some with 

normal Lgl and some with the altered 

version. But the mutants actually lost 

out to the normal cells every time. 

Evidently, mutant Lgl is dangerous 

only when it receives some kind of 

boost, and the British team isolated 

that boost: the Mahjong gene. This 

gene makes a protein that interacts 

with Lgl protein in a way that is not 

yet understood, according to Yoi-

chiro Tamori, a postdoc at Florida 

State. When the Florida research-

ers raised the concentration of the 

Mahjong protein, the mutant cells 

began winning. 

The scientists in London got the 

same result in a similar experiment 

using mammalian kidney cells, show-

ing that healthy and mutant cells 

compete directly against each other 

in mammals. “Especially in early 

stages, normal cells can kill cancer 

cells,” says biologist Yasuyuki Fujita, 

who led the British team. Under-

standing the lethal alliance between 

Lgl and Mahjong genes could open 

the door to new early-stage cancer 

therapies. EMILY ELERT

ENVIRONMENT

17 New Hope for the World’s Forests

Over the past decade, forest loss worldwide has slowed, according to a United Nations report released 

in October. From 2000 to 2010, the earth lost an average of 13 million acres annually, down mark-

edly from 20.5 million acres a year in the preceding decade. Deforestation rates have decelerated 

primarily because governments have made forests a higher priority, the U.N. researchers say. In 

particular, Brazil and Indonesia, which lost the most forested land in the 1990s, have new policies in 

place to slow the decline. And a number of countries, such as China, have established large-scale 

tree planting programs (China is actually gaining forest). But we’re not out of the woods yet. No 

current reforestation plans look past 2020, and some of them will end earlier if targets are reached 

sooner. Forest loss could then escalate, the U.N. report warns. VALERIE ROSS

The Brazil nut tree in the 

Amazon rain forest. 
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BIOLOGY

19 Ocean 
Ooze Teems 
With Life
the ocean bottom is one of the 

world’s most important yet enigmatic 

ecosystems, covered in a thick sludge 

rich with bacteria that consume and 

recycle dead algae and animal feces. 

Somehow those bacteria get the 

essential oxygen they need to digest, 

even though very little of it should be 

able to penetrate the muck. 

Last February, Danish biologist 

Lars Peter Nielsen stumbled on a 

possible explanation after his team 

at the University of Aarhus noticed 

activity in beakers of sludge set up for 

an experiment that had ended weeks 

earlier. � e researchers measured fall-

ing oxygen levels at the surface of the 

sediment coupled with a disappear-

ance of hydrogen sul� de (a food source 

to bacteria) a few centimeters below. 

“� e oxygen and hydrogen sul� de were 

apparently interacting very closely and 

rapidly,” Nielsen says—even though 

microbial chemical interactions should 

not be able to traverse such a distance. 

Nielsen believes the secret is a bac-

terial pulley system of sorts: Oxygen-

processing bacteria at the top connect 

to digestive microbes below via long 

protein threads that transport elec-

trons. “A bacterium may not rely only 

on its microenvironment and neigh-

boring cells,” he says. “It may engage 

in a network with other bacteria living 

far away to share resources.” bo zhang

Even in a beaker, bacteria in ocean-
bottom sludge survive by sharing.

MEDICINE

20 AIDS Virus 
Has an Ancient 
History
hiv is a newcomer among human 

pathogens, having caused the � rst 

known cases of aids within the past 

few decades. So scientists suspected 

that siv, the primate virus that 

spawned hiv, was just a few hundred 

years older. Tulane University virolo-

gist Preston Marx published research 

in September that suggests otherwise: 

siv seems to be at least 32,000 years 

old, meaning it coexisted with people 

nearly all that time before hiv emerged.

Marx’s team did siv tests on 

monkeys from Bioko Island, which 

was cut o�  from the African continent 

10,000 years ago. � e Bioko siv strains 

all shared ancestry with strains from 

the African mainland, indicating the 

virus is at least that old and prob-

ably much older. “Events in the 20th 

century launched the virus from a 

benign monkey virus into a human 

epidemic,” Marx says. � e growing use 

of blood transfusions and the rise of 

crowded cities may have helped pass 

siv around and let it evolve into hiv.

If we do not � gure out what trig-

gered the hiv epidemic, it will be hard 

to prepare for what might come next. 

“We could be making new strains with-

out knowing how to stop or control 

them,” Marx says.  monica heger

SIV, the yellow 
circles seen in 
this bone marrow 
culture, is the 
precursor to HIV.

NEUROSCIENCE

21 Scans Can 
Track Brain 
Development
in just six minutes, an mri scan-

ner can reveal whether a child’s brain 

is developing normally. � at newfound 

capability was announced in Septem-

ber by a team at Washington University 

in St. Louis. Led by neurologist Brad-

ley Schlaggar, the group studied 238 

healthy volunteers, 7 to 30 years old, 

using functional mri, a technique that 

identi� es active neural circuits based 

on blood � ow and blood oxygen lev-

els. � e scientists then used power-

ful computers to crunch the imaging 

data, seeking out common patterns 

of neural activity at di� erent ages.

The Washington University team 

was able to home in on 200 patterns of 

neural activity that change as a brain 

matures. “Just as pediatricians chart 

height and weight to track developmen-

tal milestones, we can use patterns of 

neural activity to see where individuals 

fall within the typical range of variabil-

ity for their age,” Schlaggar says. Beatriz 

Luna, a developmental neuroscientist 

at the University of Pittsburgh, was 

staggered by the news. “As recently as 

a year ago, people thought this would 

be impossible,” she says. “We assumed 

there would be too much individual 

variation to track brain maturation.”

Reference maps of the maturing 

brain could improve our understand-

ing of autism, schizophrenia, and other 

disturbances associated with abnor-

mal brain development. “� is promis-

es to make functional mri much more 

relevant as a diagnostic tool,” Schlag-

gar says. kathleen mcauliffe F
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SPACE

24 Space 
Ship Sails on 
a Breeze of 
Sunlight

Named for the mythical youth 
who died after flying too close to 
the sun, the Japanese spacecraft 
Ikaros is poised to breathe new 
life into space exploration. Ikaros 
is the first successful solar sail, 
using the physical pressure of 
sunlight to propel a huge, thin 
film the way that wind pushes a 
conventional sail at sea. 

The craft was launched in May 
and spread itself fully open the 
following month. “The solar sail 

was shining in the dark of space,” 
says project leader Osamu Mori of 
JAXA, Japan’s space agency. “It 
was very beautiful.”

Solar sailing is a decades-old 
idea that, until now, nobody had 
been able to harness. Japan’s 
success is reinvigorating the field. 
The Planetary Society, which lost 
a sail in a 2005 launch accident, is 
building a new one scheduled for 
launch in 2011. Scientists at NASA 
and the European Space Agency 

are revisiting their designs as well.
The idea is enticing because 

solar sails can navigate through 
space without any fuel, making 
them ideal for lengthy round-trip 
missions, says Bill Nye, director 
of the Planetary Society. Someday 
a huge space-based laser could 
even push a sail to another star 
system. “You could drive all over 
the universe with the momentum 
of photons,” Nye says. 

 ANDREW MOSEMAN

23

Astronomers have always assumed 
that everything in our solar system 
formed around the sun some 4.5 
billion years ago. But comets may be a 
notable exception, says Hal Levison, an 
astronomer at the Southwest Research 
Institute in Boulder, Colorado. “Hale-
Bopp, Halley, all the bright guys you 
can think of—most of them may be from 
other stars,” he says.

Levison reached this conclusion 
after puzzling over the number of ob-
jects in the Oort cloud, the spherical 
collection of frozen comets and other 
icy debris that surrounds our solar 
system. Observations suggest that the 
Oort cloud contains as many as 400 
billion objects, 100 times as many as 
theoretical models can account for. 
To resolve this discrepancy, Levison and 
his team simulated the dynamics of a 
star-forming area containing hundreds 
of stars packed within a region a few 
light-years across—the kind of setting in 
which our sun was probably born. Their 
results, published in June, show that the 
infant sun’s gravity could have pulled 
in enough comets that originated with 
its stellar siblings to produce the dense 
Oort cloud we see today. “A conserva-
tive estimate is that 90 percent of the 
material in the Oort cloud came from 
other stars,” Levison says. TIM FOLGER

Comets Are 

Interstellar Visitors 

ASTRONOMY
GENETICS

22 Hair DNA 
Documents 
Forgotten 
Migration
Encased in ice for 4,000 years, a 

clump of prehistoric human hair 

gave up its secrets to the Univer sity 

of Copenhagen’s Eske Willerslev, 

the first researcher to sequence an 

ancient human genome. The hair, dug 

up in 1986 in Qeqertasussuk, Green-

land, revealed that its owner was a 

male with brown eyes, thick brown 

hair, dry earwax, and shovel-shaped 

incisors. He was also prone to early 

baldness, according to an analysis 

published in Nature last February. 

“Hair is the best material for 

genomics,” Willerslev says. It con-

tains less DNA than other sources, 

but it is not porous or easily contam-

inated. His sequencing yielded about 

80 percent of the genome. Most sig-

nificantly, analysis of the hair revealed 

that its owner was closely related to 

the Chukchi people, who live at the 

eastern tip of Siberia today, suggest-

ing his ancestors traveled to the New 

World independent of the migrations 

that gave rise to Native American and 

Inuit peoples. “This was a previously 

unknown migration,” Willerslev says. 

“It shows the true power of genomics 

to decode history.” His team is now 

looking at the hair of ancient mum-

mies in the Americas. JILL NEIMARK
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25
The Gulf Coast oil spill was 

horrifying. How could an acci-

dent of this magnitude occur?

Oil reserves open to non-opec 

countries and companies are 

in increasingly remote places, 

o� shore or in Alaska. When 

something goes wrong, there is 

very little instrumentation to tell 

you about the things we used to 

see or touch, like which valves 

are closed or open or what the 

pressure is in di� erent sections 

of the platform. You don’t 

understand the condition of the 

apparatus or the well and you 

can’t send people down there. 

We’ve had to go to exotic things 

like gamma-ray imaging to � gure 

out the state of the valves.

Where should we focus our 

long-term energy investment?

Oil is a � nite resource and you’ve 

got to start thinking of ways to 

o� -load the need. It won’t hap-

pen overnight. First, we’ll make 

much more energy-e�  cient 

vehicles, and that’s going to save 

a lot of money and will make us 

more competitive by eliminat-

ing about $1 billion a day in 

imports. Second, we are moving 

toward electri� cation of personal 

vehicles for traveling 300 miles or 

less. � ird, we want alternatives 

for liquid transportation fuels: 

glucose, agricultural waste prod-

ucts, lumber waste products.

Are we also returning to 

nuclear power?

I think there will be a renais-

sance in nuclear power, although 

whether it’s going to occur in the 

United States has yet to be deter-

mined. Across the world, ground 

has been broken for roughly 50 

or more nuclear power plants; 

China has broken ground for 25 

of them. We are building our � rst 

two new nuclear reactors since 

the early 1970s at the Vogtle Elec-

tric Generating Plant [in eastern 

Georgia], and that’s a start.

Do small nuclear reactors 

have a brighter future here?

We think this is a big opportu-

nity. In the past it was felt that 

you get an economy of scale 

by building a very big nuclear 

reactor because of permitting 

and other issues. But big reac-

tors have some disadvantages. 

Number one is the sheer cost: 

$7 billion to $8 billion. A lot of 

companies aren’t willing to make 

the whole investment. Second, 

depending on where the large 

power plants are sited, the distri-

bution infrastructure and cooling 

capacity may not accommodate 

them. So instead of achieving 

economy of scale by making big 

nuclear reactors, you achieve it 

by quasi-mass-producing smaller 

ones. � e core of the reactor can 

be manufactured in a factory-like 

situation and then transported 

intact by rail or ship to di� erent 

I N T E R V I E W

The Deepwater Horizon; mountaintop-removal coal mining; 

global warming and glacial melting from the burning of fossil 

fuels. You might expect the man in charge of United States ener-

gy security to be glum about the future, but despite his intense 

concerns regarding carbon emissions, Steven Chu is optimistic 

that science may yet bail us out. The first physicist to take the 

post, and the first Nobel laureate (for work using lasers to cool 

and trap atoms), Chu has $39 billion in Recovery Act dollars to 

dole out and an unprecedented opportunity to foster big ideas. 

In the near term, he says, simple measures like energy-efficient 

homes and white-painted roofs could make a major dent in 

our carbon budget. For the future, look to radical solutions like 

glucose-based fuels, smart storage, or tiny mass-produced 

nuclear power plants. His sunniest prediction: Our economy 

could be largely carbon-neutral by 2050.

t e x t  b y  C O R E Y  S .  P O W E L L

Secretary of Energy 

Steven Chu on how we’ll get 

to the green-energy future.
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parts of the country or world. 

You are substituting economy 

of scale by size with economy of 

scale by number.

Meanwhile, our economy is 

still based on fossil fuels. Will 

carbon sequestration become 

more important?

It’s a this-century issue. Maybe 

by the next century we will have 

mastered the ability to capture 

more of the energy hitting the 

earth and long-term massive dis-

tribution and storage. Over the 

next couple of decades, some see 

coal use doubling in the develop-

ing world, with the United States 

exporting it to India and China. 

We have to develop the technolo-

gies that will clean up this coal.

This sounds like FutureGen, 

the public-private effort to cre-

ate the world’s first coal-fueled 

zero-emissions power plant.

As China turns o�  its very 

ine�  cient old coal plants, it’s 

turning on very e�  cient [new] 

coal plants—but these plants use 

standard pulverized coal. What 

FutureGen asks is, “Can you take 

an existing coal plant and retro� t 

it to capture not only carbon 

dioxide but other pollutants?” We 

think this may be a less expensive 

way of retro� tting existing plants.

Putting all this together, could 

we be mostly carbon-free in 

the United States by 2050?

It’s ambitious but it’s possible. 

� e cleanest form of nuclear 

power is the sun. � e amount of 

energy hitting Earth is more than 

10,000 times what we need. If we 

achieve even 1 percent e�  ciency 

at low cost and we can store 

the energy, we’ll have enough 

for nine and a half billion people 

without polluting the world. 

� e laws of physics say it’s pos-

sible. We don’t have to invent 

something better than the sun. 

It’s the sun that gives us solar, 

hydro, the wind, and the waves.

This would be a better use 

of the sun than we’ve man-

aged so far.

� e sun has been storing fossil 

fuels for hundreds of millions of 

years and we’re using them up 

in hundreds of years, so that’s a 

problem. � ink back to the mid-

1800s, when the United States 

was the leader in the whaling 

industry. Whale oil was a very 

clean oil, and when burned, it 

gave a very bright, white light. 

It was highly treasured, so what 

did they do? � ey depleted 

the local whales and had to go 

farther and farther out, so pretty 

soon our whaling ships were 

going all around the globe. And 

occasionally you got some angry 

whales. Moby-Dick was actually 

fashioned after a true story of 

a sperm whale attacking boats 

and sinking them. But really, you 

had an unsustainable industry 

going into deeper waters, going 

into more danger, until the 

entire thing was depleted.

The analogy to our current 

problems is pretty clear.

Except the stakes are a heck 

of a lot bigger now. You can 

listen to the string quartet on 

the Titanic and enjoy the last 

glass of champagne, or you 

can � x this problem. � ere’s an 

old expression from Win-

ston Churchill that “America 

invariably does the right thing 

after exhausting all other pos-

sibilities.” We don’t have time 

for that anymore. What are 

you going to say to your kids 

and grandkids? “I’m sorry; you 

will be poorer and have less 

opportunity than I did. You will 

live in a world that is far more 

polluted than the world I was 

born into.” Come on. � ere’s 

no zero-sum game here. It’s 

just like the green revolution 

or the Industrial Revolution: In 

developed countries, these gave 

everyone better lives. � ere’s 

no law of physics that says the 

whole society can’t bene� t. J
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PUBLIC HEALTH

27 Egg 
Recall 
Rattles 
Food Supply
more than 500 million 

eggs were pulled o�  store 

shelves last summer due to 

possible contamination with 

salmonella. It was the largest 

food recall of the past decade, 

according to the Food and 

Drug Administration.

State authorities in 

Minnesota started report-

ing human outbreaks of 

salmonella disease to the 

Centers for Disease Control 

and Prevention (cdc) in 

May. By October more than 

1,800 people were reported 

ill with fever, abdominal 

pain, and diarrhea in 29 out-

breaks across 11 states. � e 

cdc estimates that, in total, 

the bacterium poisoned 

at least 54,000 people, the 

worst outbreak of salmo-

nella since the agency began 

surveillance on the bug in 

the late 1970s. No deaths 

were reported.

Salmonella enteritidis, 
one of the major strains 

to cause food poisoning, 

is usually associated with 

eggs. Accordingly, the 

fda began investigating 

the nation’s egg supply in 

August. Eventually agency 

inspectors found contami-

nated feed at Wright County 

Egg, a producer in Iowa. At 

Iowa’s Hillandale Farms, 

which used the same feed 

supply, samples of the water 

used to wash whole eggs 

also contained the bug. fda 

inspectors discovered eight-

foot-tall piles of manure and 

evidence of rodents and � ies 

at Wright County and stand-

ing pools of water at Hill-

andale. � e two producers 

initiated voluntary recalls as 

soon as fda investigations 

of their farms began.

New egg production 

regulations to minimize 

salmonella risk—through 

better cleanliness, refrig-

eration, and testing—went 

into e� ect on July 9. fda 

commissioner Margaret 

Hamburg says that if the 

new rules had commenced 

sooner, they probably 

would have prevented the 

outbreak. In September the 

agency began a 15-month 

program to inspect all farms 

subject to the new rules. But 

David Acheson, former fda 

associate commissioner for 

foods, worries that the new 

rules may merely redistribute 

risk. Due to limited resourc-

es, he says, the agency’s new 

focus may actually leave 

other parts of the food sup-

ply more vulnerable. “What’s 

not going to be inspected as 

a consequence?” he asks. 

 nikhil swaminathan
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26 How 
Matter 
Defeated 
Antimatter
The Big Bang theory has a Big Prob-

lem. The leading models of cosmol-

ogy imply that the universe should 

have begun with equal quantities of 

matter and antimatter. But when the 

two meet, they annihilate each other, 

so an equal balance would have 

yielded an empty cosmos. In May, 

physicists at the Tevatron particle 

accelerator in Illinois singled out 

a strange particle that could help 

explain the conundrum.

Studying nearly eight years’ worth 

of high-speed smashups between 

protons and antiprotons, Guennadi 

Borissov of Lancaster University 

in the U.K. and other members of 

the Tevatron team focused on the 

B meson, a short-lived particle that 

emerges from the collisions. During 

its brief life, this particle rapidly oscil-

lates between matter and antimatter: 

One moment it’s a B meson, the next 

it’s an anti-B meson. This constant 

wavering should create just as many 

anti-B mesons as B mesons, but the 

physicists discovered a clear bias for 

the matter variety—50.5 percent mat-

ter to 49.5 percent antimatter.

Follow-up experiments planned 

for this year at both the Tevatron and 

the Large Hadron Collider will test the 

team’s findings. If they are verified, 

theorists will have an important clue 

about where the symmetry laws 

predicted by the standard model 

of physics break down. They will 

also have the basis for a new theory 

explaining the pro-matter bias in the 

rules that jump-started our universe 

13.7 billion years ago. “This will give 

a very strong push toward finding 

an answer to one of the most fun-

damental questions in physics,” 

Borissov says. ANDREW GRANT
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28 The Incredible Shrinking Moon

The old gray moon, she ain’t what she used to be. Images from the Lunar 
Reconnaissance Orbiter (LRO) spacecraft, released in October, show a pattern 
of cliffy scarps all across the lunar surface (as shown on the map above, with 
white dots indicating newly discovered scarps and black dots marking pre-
viously known ones). Lunar geologists reckon that the scarps were created as 
the moon’s core lost heat and contracted. It should be noted that the moon has 
not shrunk by very much, just a few hundred feet in radius over the last billion 
years. But that’s not nothing, either, when you consider that—even allowing for 

the distortion of perspective—the moon was never really that big to begin with. 
Then again, the moon is not just old and wrinkled—it is also shockingly 

rich. LRO’s partner spacecraft, LCROSS, found about 5 percent water-ice in 
the lunar soil. The surface also abounds in minerals, including silver, mer-
cury, sodium, calcium, and magnesium, along with volatile gases like methanol, 
formaldehyde, and hydrogen sulfide. That said, it would take a fairly hard heart 
not to feel at least a twinge of sadness, tinged with unease, at the thought 
that the moon, collapsing in on itself, will never be quite full again. BRUNO MADDOX

ASTRONOMY

ANTHROPOLOGY

29 Ardi 
Continues to 
Shake the 
Human Family 
Tree

 

when paleobiologist tim white of 

the University of California, Berke-

ley, and colleagues described a new 

human ancestor named Ardipithecus 

ramidus—or “Ardi”—they challenged 

many evolutionary assumptions. 
 is 

4.4-million-year-old fossil female 

was bipedal but lived in woodlands, 

debunking the widely accepted 

hypothesis that we evolved upright 

walking on the grassy savanna. Other 

features hinted that the last common 

ancestor of humans and chimpanzees 

was a quadruped and not a knuckle-

walking ape, as was long thought.


 en came the backlash. In 2010 

geochemist 
 ure Cerling of the 

University of Utah and seven other 

geologists and anthropologists looked 

at the same evidence and concluded 

that Ardi’s predominant habitat had 

been the savanna after all. (In rebuttal, 

White emphasized that Ardi actually 

lived in woodland, even if savanna 

was nearby.) Terry Harrison, a paleo-

anthropologist at New York University, 

questioned in Nature whether Ardi 

was even a member of the human 

lineage or just an ape “among 

the tangled branches” of a much 

larger bush. And University of Toronto 

paleoanthropologist David Begun also 

had doubts. “Ardi may be an early 

side branch of hominids that is not 

directly related to humans,” he says. 

Scientists are just starting to get a 

� rst look at the numerous cat scans 

and casts of Ardi and come up with 

their own ideas regarding what she 

tells us about our human identity. “
 is 

fossil will be debated for a very long 

time,” White says. “
 at’s how good 

science works.” jill neimark

Ardipithecus 

ramidus skull 
restoration. 
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EARTH SCIENCE

30 Ocean Plant Life
Feels the Heat
Balmy ocean waters are putting the squeeze on phytoplank-

ton, tiny plants that collectively fix as much carbon dioxide as 

all terrestrial greenery combined. Their decline could threat-

en ocean ecosystems and contribute to global warming. 

Daniel Boyce of Dalhousie University in Halifax, Nova Sco-

tia, and his colleagues estimate that the global phytoplankton 

stock has plummeted 40 percent since 1950. They reported 

this finding in July after analyzing 50-plus years of data on light 

penetration of the ocean surface and plankton abundance in 

water samples. The die-off is due to a combination of rising sea 

surface temperatures and decreased ocean circulation between 

the higher and lower layers, Boyce says. Most phytoplankton 

dwell within 25 meters of the surface. The warmer this layer 

is, the more difficult it is for nutrients from the cold depths to 

mix in. As nutrients dwindle, so do the phytoplankton. 

A continued decline would reverberate up the food chain 

and reduce atmospheric CO2 absorption, potentially accel-

erating climate change. “I think that the 40 percent global 

decrease that they report is provocative but not yet fully 

demonstrated,” says Michael Behrenfeld, an oceanogra-

pher at Oregon State University who studies phytoplankton.  

Analysis of satellite data and historical records could verify 

the numbers. JEREMY JACQUOT

NEUROSCIENCE

32 Sleep 
Switch Found 
in the Brain
every night we all participate 

in a small biological miracle—the 

transition from wakefulness to 

sleep. Last September researchers 

at Washington State University 

made a notable advance in under-

standing the chemical trigger that 

allows that shift to happen. 

	 e key to sleep turns out 

to be one of the body’s most 

important molecules: atp, the 

compound that stores energy for 

use in metabolism. Neurobiologist 

James Krueger and his colleagues 

discovered that repeated 
 ring of 

neurons in the brain while we are 

awake causes them to release atp 

into the spaces between the cells. 

As the molecule accumulates, it 

bonds to neighboring neurons 

and glial (support) cells; this 

allows the cells to absorb other 

chemicals—such as tumor necro-

sis factor and interleukin 1—that 

most likely put those cells into a 

sleep state. 

	 is 
 nding implies that sleep 

“is not a whole brain phenom-

enon,” Krueger says. It occurs only 

in neural circuits that have been 

most active during the day and so 

have released the most atp. Trans-

lation: Some parts of the brain 

can remain relatively alert even 

after we fall asleep. “	 is is an 

extremely important 
 nding,” says 

Mark Mahowald, a sleep expert at 

the University of Minnesota who 

was not involved in the research. 

“	 e notion that only part of the 

brain sleeps 
 ts very well with our 

understanding of sleepwalking, 

when individuals have their eyes 

open and easily navigate around 

objects yet have no conscious 

awareness of doing this.” A clearer 

picture of atp’s role in the process 

could point the way to new drugs 

for treating insomnia and other 

sleep disorders. 

 kathleen mcauliffe

A sleep switch may 
be flipped when work 
gets too tough at 
the Hotel Shanghai.

GENETICS

31 Autism: 
One Label, 
Many 
Diseases
People with autism are 
regularly lumped together 
and treated as a single 
group. But the world’s 
largest genetic study of 
the condition “shows that 
autism is many different 
diseases,” says Stanley Nel-
son, a professor of genetics 
and psychiatry at UCLA 
who collaborated on the 
investigation. “That insight 
should greatly enlighten 
how we think about autism 
and attempt to treat it.”

The study, conducted by 
a global consortium of 120 
scientists, compared the 
genes of more than 1,000 
autistic children with those 
of 1,300 youngsters unaf-
fected by the disorder. As 

the researchers reported 
last July, the mutations 
associated with autism fall 
all over the map. “If 100 
different kids with autism 
walked into a clinic,” 
Nelson says, “chances are 
they’d have 100 different 
genetic aberrations.”  

Most of those aberra-
tions occur in genes that 
affect the development and 
functioning of the brain. 
So far, about 10 percent 
of autism cases have been 
associated with genetic 
mutation, a figure Nelson 
predicts will rise as scien-
tists study more genomes 
in greater detail. 

The latest findings “move 
us closer to identifying un-
derlying biochemical path-
ways involved in autism and 
set us up to develop better 
treatments,” says Bryan 
King, director of the Autism 
Center at Seattle Children’s 
Hospital. “We already have 
some candidate drugs that 
might potentially correct 
problems in these path-
ways.” KATHLEEN MCAULIFFE
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33 Science Saves 
the Chilean Miners
the celebrated rescue in october of 33 

miners trapped a half mile below the Chil-

ean desert was not just a compelling human 

drama but a historic feat of applied medicine, 

psychology, and engineering.

Simply digging down to � nd where the men 

were trapped was a 17-day challenge; any mis-

calculation could have sent the drill drastically o�  

course. (It was “like trying to shoot a � y from 700 

meters away,” Chilean topographer Macarena Val-

dés told the cbc.) � at hole, along with two oth-

ers, became lifelines through which water, food, 

medicine, and clothing—including socks lined 

with bacteria-� ghting copper oxide � ber—were 

sent, plus a � ber-optic cable for communication.

Bringing up “los 33” from the depths of the cop-

per and gold mine required breadth and depth of 

drilling more ambitious than in any mining rescue 

ever before attempted. For this, a giant Schramm 

mine rig made in Pennsylvania drove an innova-

tive pneumatic hammer-driven drill bit (made 

by Pennsylvania drilling technology � rm Center 

Rock Inc.), which chipped away at the rock like 

a giant jackhammer. Meanwhile a team of nasa 

doctors, psychologists, and engineers consulted 

with the Chileans, applying lessons learned from 

preparing and managing astronauts in space 

for long durations. Finally, a rescue capsule—

designed by the Chilean navy with advice from 

nasa engineers—brought the miners out.

Targeted medications and activities helped 

keep the men � t, but they also excelled in their 

own psychology experiment. “In circumstances 

like this, some people withdraw while others 

blossom,” says Michael Duncan, deputy chief 

medical o�  cer from Johnson Space Center, who 

assisted at the mine site. � e miners established 

a leader, a group structure, and a daily routine. 

“One miner was designated a medical o�  cer, 

another was the spiritual leader, while another 

was in charge of sanitation. � ese men had a 

great will to survive.” mac margolis

The first miner
 rescued from 

beneath the Chilean 
desert emerges.

34

When paleoanthropologist Lee Berger 
unearthed a fossil near Johannes-
burg, South Africa, it seemed to be a 
jumble of parts: a braincase similar 
in size to that of an Australopithecus 

africanus, a Homo erectus pelvis, 
and the arms of a Miocene ape. But in 
April Berger announced that they all 
belonged to the same skeleton, that 
of a 12-year-old boy who lived 1.9 
million years ago. The boy, called 
Karabo, may represent a bridge 
species between our Homo genus 
and its Australopithecus ancestor.

Berger thinks Karabo and an adult 
female found nearby represent a 
new hominid species, Australopithe-

cus sediba, that may have been the 
first to walk upright the way modern 
humans do. A. sediba had long, 
apelike arms; a braincase one-third 
the size of a modern human’s; and 
a modern-looking pelvis that sug-
gests it was a better upright walker 
than previous australopithecines. 

Others contend the two are not 
human ancestors at all because they 
appeared around 400,000 years 
after the first evidence of H. habilis, 
the earliest in the Homo line. “Sediba 
is too late to sit on the lineage,” says 
paleoanthropologist Tim White of 
the University of California, Berkeley. 
Berger counters that the only fossils 
that can be definitively classified as 

H. habilis showed up after A. sediba. 
“Australopithecus sediba is the best 
candidate for a transitional species,” 
he argues. “It’s more advanced than 
Homo habilis, which appears later. 
It probably means Homo habilis is 
not really an ancestor of anything.”  
 LAURIE RICH SALERNO
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Digital elevation 
model shows 
contours of the 
primary fault 
systems near Port-
au-Prince, Haiti. 
Green and brown 
represent higher 
and lower eleva-
tions, respectively. 
Red lines trace pre-
dominant faults.

Last January a military telescope 
detected a bizarre object hurtling 
around the asteroid belt, leaving a 
long tail of dust. UCLA planetary 
scientist David Jewitt took one 
look and said, “Asteroid collision.” 
The millions of rocky objects 
orbiting between Mars and Jupiter 
probably collide all the time, but 
this is the first instance in which 

astronomers have seen direct 
evidence of an impact. 

Jewitt and his colleagues 
watched the object and its fading, 
X-shaped tail for five months with 
the Hubble Space Telescope. The 
most likely scenario, he says, is 
that an asteroid just 10 or 20 feet 
wide struck the larger object, called 
P/2010 A2, which measures almost 

400 feet across. (A less likely 
alternative is that P/2010 A2 is a 
solitary asteroid rotating so quickly 
that it flings off dust, producing 
the tail.) The speed and location of 
debris suggest that the crash hap-
pened in February or March 2009 
at more than 11,000 miles per hour.

The find should help astrono-
mers determine how much dust 

in the solar system originates in 
asteroid collisions; such impacts 
may also create fragments that 
reach Earth as small meteorites. 
It could also open a whole new 
field of study. Now that people 
know what an asteroid smashup 
looks like, “I’d be quite surprised if 
someone doesn’t find another one 
this year,” Jewitt says. STEPHEN ORNES

36 Astronomers Catch Asteroid Smashup

ASTRONOMY

EARTH SCIENCE

35 Haitian 
Quake Signals 
Future Shocks
the 7.0 magnitude earthquake 

that 
 attened Haiti’s capital city last 

January may signal a new era of seis-

mic activity in the Caribbean. Accord-

ing to geologists, the quake activated 

a fault system that had lain virtually 

dormant for at least 150 years.

Along with relief workers, geolo-

gists from the United States and 

Haiti raced to the quake’s epicenter, 

using gps devices to determine 

exactly how the land had moved. 

� eir � eld surveys reveal that His-

paniola, Jamaica, and other islands 

in the Caribbean sit atop a network 

of interlocking faults far more 

complex than geologists had earlier 

understood, according to a series of 

papers published last October. Until 

then, scientists had assumed the 

Haiti earthquake involved a simple 

shift along the Enriquillo-Plantain 

Garden fault zone, a well-de� ned, 

300-mile boundary between the North 

American and Caribbean plates.

� e surveys suggest instead that 

the Haiti quake may have rup-

tured primarily along a previously 

unmapped fault. Either way, the 

data show that the January tremor 

did not release all the stress that has 

accumulated in the fault system over 

hundreds of years. “� at’s the most 

troubling part—the region is primed 

for another quake,” says Paul Mann, 

a geologist at the University of Texas 

at Austin Institute for Geophysics.

Haiti’s quake has also demonstrated 

that strike-slip faults, which create 

mostly horizontal motions, can set 

o�  landslides and giant tsunamis 

(usually associated with faults 

that move in a vertical, thrusting 

motion). � e lesson is that cities like 

Los Angeles that lie on strike-slip 

faults could face big waves after even 

a moderate earthquake. 

“Anywhere you have a lot of people 

living at sea level and a fault capable 

of triggering a landslide under the 

ocean, you have all the components 

for a disaster,” Mann says.  

linda marsa F
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BIOLOGY

39 Microbes 
Are Key to a 
Happy Gut
Inside your gut is a complex eco-
system: bacteria that are crucial 
to the digestive process, along 
with bacteria-invading viruses 
whose role is largely unknown. 
A genetic analysis conducted by 
microbiologist Jeffrey Gordon at 
Washington University in St. Louis 
offers one of the first compre-

hensive descriptions of this inner 
world. More than 80 percent 
of the viral gene sequences he 
found were new to science.

Gordon’s group took fecal 
samples from four sets of identi-
cal twins and analyzed their 
microbes. The mix of viral genes 
he found was unique to each 
individual. Each one’s gut virome 
was also very stable: Samples 
taken a year apart shared 95 
percent of the same viral genes, 
Gordon reported in Nature last 
July. The stability of the gut 
population and the specific 
viral genes that turned up there 
suggest that the relationship 

between the bacteria and the 
viruses is mutualistic. The sam-
ples included many viral genes 
that, when incorporated into a 
bacterium, can aid metabolism.

The gut microbial community 
is effectively an “organ within 
an organ,” Gordon says. The mix 
of microbes inside you affects 
how you metabolize food and 
probably has substantial impact 
on your health. In the future doctors 
may pay more attention to tending 
the microbes within us. “Consider-
ing ourselves as a composite of 
species will be an important step” 
for better health care, Gordon 
says.  KATHLEEN MCGOWAN

MEDICINE

37 CIA 
Doctors Did 
Forbidden 
Research
doctors employed by the cia 

participated in research and experi-

mentation on prisoners at detain-

ment centers such as Guantánamo 

Bay, Abu Ghraib, and Bagram air 

base that included waterboard-

ing, stress positioning, and sleep 

deprivation, according to a June 

report from Physicians for Human 

Rights. 
 e group says doctors vio-

lated ethical and legal protections, 

including the Nuremberg Code 

and the Common Rule regulating 

federal research on human subjects.

Scott Allen, lead medical author 

and a physician at Brown Univer-

sity, studied redacted papers docu-

menting U.S. intelligence-collection 

programs involving prisoners after 

the 9/11 attacks. In one waterboard-

ing excerpt, doctors were told to 

record “how long each applica-

tion lasted, how much water was 

applied, . . . if the naso- or orophar-

ynx was  lled, and how the subject 

looked between each treatment.” 

Beyond violating the doctor’s oath 

to “do no harm,” the method was 

� awed, says bioethicist Paul Root 

Wolpe of Emory University. “You 

can’t look at a person and tell how 

much pain they’re in,” he says.

In October the United States 

apologized for its reckless medical 

experimentation—not for the 

recent cia activities but for infect-

ing Guatemalans with syphilis in 

the 1940s to test the e� ectiveness 

of penicillin in a precursor to the 

infamous Tuskegee experiments. 

“It’s frustrating that evidence docu-

menting human experimentation 

today is buttonholed, while some-

thing from the past is condemned,” 

Allen says. amy barth

EARTH SCIENCE

38 Sinkhole Eats
Guatemala City
a hundred feet deep and nearly 70 feet 

wide, the giant sinkhole pictured above devoured 

a clothing factory in Guatemala City suddenly on 

May 30. Sinkholes typically form when ground-

water washes away soluble bedrock like 

limestone. However, Daniel Doctor of the U.S. 

Geological Survey says this gaping pit probably 

formed due to faulty underground infrastructure, 

such as leaky sewer lines that eroded surrounding 

sediment over the course of many years. A foot of 

rain dumped by tropical storm Agatha was prob-

ably the  nal straw. While Doctor says sinkholes 

this deep are extremely uncommon, “human 

activities cause minor ones to form almost any-

where there’s a large city.” andrew moseman
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Wild Winds Made
Mars Gorgeous 

Mars has a wispy atmosphere, with just 0.006 times the surface pressure 
of Earth. But that is enough to have sculptured one of the most dramatic 
landscapes in the solar system, University of Texas geophysicist Jack Holt 
reported in May. The ice cap of Mars’s north pole is marked with enormous 
gorges; the largest, Chasma Boreale (jutting upward at right), is deeper 
and wider than the Grand Canyon. For four decades scientists debated 
how these canyons formed. Using the Shallow Radar instrument aboard 
NASA’s Mars Reconnaissance Orbiter, Holt was able to peek beneath the 
ice’s surface for clues; in particular, the radar could pick out differences 
in electrical reflectivity between overlying layers, showing how the ice 
built up over time. The data reveal that as the northern ice cap grew, its 
changing contours altered local wind patterns. Over millions of years, the 
weak but persistent winds ate away at the surface ice and dust, carving 
out Chasma Boreale in all its glory. VALERIE ROSS

40
N

A
S

A
/
C

A
L
T

E
C

H
/J

P
L

/
E

. 
D

E
J

O
N

G
/J

. 
C

R
A

IG
/

M
. 

S
T

E
T

S
O

N

52

DISCOVER

DV0111YIS402B1,2_QG.indd   52 11/12/10   10:09 PM

worldmagsworldmags

worldmags



ASTRONOMY

53

01 02.2011

DV0111YIS402B1,2_QG.indd   53 11/12/10   10:09 PM

worldmagsworldmags

worldmags



ENERGY

42 X Prize Shows the Easy 
Path to a 100-MPG Car

Building a car that gets more than 100 miles per gallon does 

not require wild new technology, judging from the results of 

the Progressive Insurance Automotive X Prize. The $5 million 

top prize—awarded in September to the highest-mileage four-

passenger car that could top 100 mpg while passing a series 

of safety and other tests—went to the descriptively named 

Very Light Car, an automobile powered by a conventional 

internal combustion engine.

That is not what team leader Oliver Kuttner expected when 

he formed Edison2 to build the winning vehicle. As the com-

pany’s name suggests, Kuttner expected to rely on electricity 

(and indeed, two electric two-seaters, the Wave II from Li-ion 

Motors and the E-Tracer 7009, made by X-Tracer, took $2.5 

million each in the other two X Prize categories). But Kuttner’s 

team crunched some numbers and decided that they were 

NEUROSCIENCE

41 Scans Unlock 
Hidden Life in 
Vegetative Brains

FMRI scans of the brain show a healthy volunteer answering “yes” to a researcher’s 
question at left and “no” at right, using only the power of thought.

a man believed to be in a veg-

etative state managed to answer 

doctors’ questions—using only his 

thoughts. � e startling experiment, 

described in February in the New 

England Journal of Medicine, suggests 

a new way to measure conscious-

ness in brain-injured patients.

Following a tra�  c accident, the 

patient had not spoken or made any 

other intelligible responses for 	 ve 

years before being included a study 

conducted by Adrian Owen and his 

team at the Medical Research Council 

Cognition and Brain Sciences Unit 

in Cambridge, England. � e team 

tracked the patient’s brain activity 

using functional magnetic resonance 

imaging ( fmri) while posing simple 

questions, such as whether he had 

a brother. He was asked to imagine 

walking around his house to indicate 

yes, and to think about playing ten-

nis to signal no. In a healthy brain, 

these responses are easy to tell apart 

on a scan: Tennis activates motor-

related brain areas, while navigating 

activates spatial regions. Using this 

simple code, the patient answered 

	 ve of six questions correctly.

 Martin Monti, a neuroscientist 

and lead author of the study, was 

“blown away” by the data. “We now 

know this patient has much more 

cognitive function than we ever 

imagined,” he says. Monti looks 

toward the day when fmri can 

improve diagnosis in disorders of 

consciousness and search for signs 

that patients are actually cognizant 

and alert. In some cases, imaging 

might also be used to communicate, 

but Monti thinks this may be rare. 

Only 5 of 54 patients whom he has 

studied have been able to do the 

visualization task at all. 

 kat mcgowan

better off avoiding heavy batteries and building the lightest, 

most aerodynamic car they could. So they did, and now—with 

the Environmental Protection Agency being pressed to set 

an automobile fuel-economy standard of 60 mpg by 2025—

Kuttner intends to create a consumer version. 

“We have to prove it’s safe on real roads,” he says, “and 

build it at a cost people can actually afford.” He has no doubt 

that both can be done: “We’re going to build the Volkswagen 

Beetle for the 21st century.”  MICHAEL LEMONICK

Wave II, by Li-ion 
Motors, won 
the $2.5 million 
“alternative 
side-by-side” 
X Prize award.
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ASTRONOMY

43 Plasma 
Rivers Explain 
the Quiet Sun
There is something new under the sun— 

or rather inside the sun. Usually our star 

follows a predictable pattern, becoming 

more and less active (as measured by 

flares, sunspots, and magnetic storms) 

on an 11-year cycle. But the most recent 

lull dragged on for 12.6 years. “You have 

to go back 99 years to find another 

minimum as long,” says Mausumi Dik-

pati, a physicist at the National Center 

for Atmospheric Research in Boulder, 

Colorado. Last August she announced 

an explanation.

Dikpati used computer simulations to 

model the gargantuan rivers of plasma 

that flow across the sun’s surface. Like 

Earth’s ocean currents, solar plasma 

normally rises at the equator and sinks 

at higher latitudes. During the recent 

solar minimum, however, plasma flowed 

all the way to the poles. Dikpati’s simu-

lations show that these unusually long 

currents affect the magnetic fields near 

ANTHROPOLOGY

45 Pinkie 
Pokes Holes 
in Human 
Evolution

a fragment of a pinkie 

� nger excavated from a deep 

cavern in southern Siberia 

may point to a new species of 

ancient human. � e 40,000-

year-old bone yielded dna 

markedly di� erent from that of 

modern humans or Neander-

thals, challenging the current 

view of how our ancestors 

migrated out of Africa.

Johannes Krause and Svante 

Pääbo of the Max Planck Insti-

tute for Evolutionary Anthro-

pology in Leipzig, Germany, 

zeroed in on mitochondrial dna 

(which is passed down intact 

from a woman to her children) 

preserved in the ancient bone. 

In January they identi� ed it 

as belonging to an unknown 

female hominid whom they 

nicknamed “X Woman.” Her 

mitochondrial dna di� ered 

from present-day human dna at 

nearly 400 positions, twice the 

di� erence measured between 

human and Neanderthal dna. 

� e genetic patterns indicate 

that X Woman, Neanderthals, 

and modern humans shared 

a common genetic ancestor 

about a million years ago.

Pääbo suggests that X 

Woman may belong to a 

group of archaic humans who 

migrated out of Africa at a 

di� erent time from Nean-

derthals or modern humans. 

If so, her group survived an 

astoundingly long time along-

side the others—perhaps for 

hundreds of thousands of 

years. It is also possible that 

she was descended from the 

hybrid spawn of an ancient 

tryst between her ancestors 

and Neanderthals. 

Krause and Pääbo are 

now sequencing the nuclear 

genome from the Siberian 

� nger fragment. If the nuclear 

dna con� rms their initial � nd-

ings, it will mark the � rst time 

that an entirely new group of 

ancestral humans was identi-

� ed by sequencing dna from a 

mere bone fragment, exponen-

tially widening the potential to 

understand our human ances-

tors. “More and more, we will 

see a lot of genetic information 

coming from fossil remains in 

which very little morphologi-

cal information exists,” Pääbo 

says.  jill neimark

the surface, which indirectly determine 

the number of sunspots and the strength 

of solar flares. These findings may help 

astronomers predict solar storms, which 

can disrupt radio and satellite commu-

nications on Earth, and understand the 

underlying mechanism behind the sun’s 

11-year heartbeat. TIM FOLGER 

A 27,000-mile-
wide patch of 
sun shows a 
forest of plasma 
jets and loops. 

44 Prehistoric 
Moby-Dick 
Foot-long fossilized teeth found 
in the Chilean desert—once an 
ocean—have long tantalized 
paleontologists, who wondered 
what kind of beast had left them 
behind. In July, Olivier Lambert of 
the National Museum of Natural 
History in Paris announced that 
his team may have solved the 
puzzle. Working in Peru, they 
unearthed similar teeth along 
with the giant skull and jaw of 
a fearsome, 12-million-year-old 
sperm whale.

Named Livyatan melvillei in 
honor of Moby-Dick’s author, the 
whale was roughly the size of a 
modern adult male sperm whale. 
But living sperm whales have 
small teeth and typically do not 
use them to capture prey. Paleon-
tologists suspect that L. melvillei 

fed more like an orca, savagely 
ripping and tearing its victims.  

Ancient baleen whales found in 
the same area “would have been 
perfect prey for such an animal,” 
says Lambert, who has returned 
to Peru in search of the rest of 
Livyatan’s skeleton. JENNIFER BARONE
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PSYCHOLOGY

48 The 
Science of 
Chivalry
in some disasters it’s every man 

for himself. In others it’s women 

and children � rst. What determines 

whether panic or order prevails? Time, 

says Benno Torgler, an economist at 

Queensland University of Technology 

in Australia, who studied century-old 

nautical disasters for clues. 

� e Titanic sank in 1912, the 

Lusitania three years later. � e 

passengers were remarkably similar 

in age, gender, and percentage of 

survivors, Torgler says. But when he 

analyzed who survived, the di� er-

ences jumped o�  the page. Women 

on the Titanic were 50 percent more 

likely to escape the disaster than 

men, and children had a 15 percent 

better chance than adults. On the 

Lusitania, though, people between 16 

and 35 had the best odds. “Survival 

of the � ttest was much stronger on 

the Lusitania,” says Torgler, who 

published his � ndings in March. 

� e crucial di� erence was time. 

� e Lusitania sank in 18 minutes, but 

it took the Titanic two hours and 40 

minutes to succumb to the sea, leav-

ing time for social norms to triumph 

over sel� shness.

Now Torgler is on the hunt for 

modern catastrophes he can compare 

in the same way to further unlock the 

science of chivalry. “How long does 

it take for this pro-social behavior to 

emerge?” he asks. “� at’s a question 

for neuroscience.” andrew moseman

46
Since the days of Isaac Newton, a bedrock 
principle of physics has been that the basic 
properties of the universe (the laws of gravity 
and the speed of light, for instance) are the same 
in all locations, at all times. So scientists were 
intrigued by the announcement last August that 
one of the so-called constants of nature might 
not be so constant after all.

John Webb, an astronomer at the University 
of New South Wales in Australia, was studying 
the fine-structure constant, which governs the 
strength of the force between charged particles, 
in a large number of distant galaxies. Using 
data from the Very Large Telescope in Chile, he 

and his colleagues found a slight but notable 
variation in the constant: It increased one part 
per million for every billion light-years farther 
they looked. Odder still, an earlier survey in the 
Northern Hemisphere indicated that the constant 
decreased with distance, suggesting a possible 
asymmetry in the universe. 

These tentative findings raise the possibility 
that the physical laws that allow life to exist 
may hold true only in our particular part of the 
universe. “There could be regions with different 
values for the constants of physics,” Webb says. 
“We inevitably find ourselves in one that allows 
us to be here.”  TIM FOLGER

Do Physical Laws Vary 
From Place to Place?

PHYSICS

PALEONTOLOGY

47 Early Dawn 
for Earth’s 
Complex Life

The history of life on earth may 
need a significant rewrite. In July 
an international team reported 
fossil evidence of multicellular 
organisms dating back 2.1 billion 
years. Previously, scientists had 
believed that the first of these 
complex creatures did not appear 
until almost a billion years later, 
and that single-celled microbes 

were the only life-form before then. 
After recovering more than 

250 fossils from clay deposits in 
western Africa, Stefan Bengtson 
of the Swedish Museum of Natural 
History and his collaborators 
examined some of the relics with a 
powerful three-dimensional scan-
ner. The fossilized creatures, some 
of them as large as five inches 

across, appeared to have an orga-
nized internal structure composed 
of a network of cells, suggesting 
complexity far beyond the simple 
bacterial structures Bengtson 
expected to find. 

“This is the first fossil we can 
hold in our hands and say, ‘Maybe 
complex life started here,’ ” he notes. 
 AMY BARTH
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MEDICINE

49Why Swine 
Flu Fizzled
Last January, as new H1N1 flu infec-

tions were trailing off in the Northern 

Hemisphere, accusations began to fly 

that the World Health Organization’s 

declaration of a pandemic in the spring 

of 2009 had served mainly to line the 

pockets of pharmaceutical companies 

making vaccines and the drug Tami-

flu. By June, a report in the British 

Medical Journal concluded that the 

WHO had exaggerated the threat.

 “That’s a 20/20 hindsight point of 

view that’s unacceptable,” says Lone 

Simonsen, a flu expert at George 

Washington University in Washington, 

ZOOLOGY

50 Giant Ancient Fish 
Fed Like Whales
in evolution, some ideas are so good that they 

come up again and again. Last year paleontologists in 

Britain and the United States learned that during the 

Cretaceous era huge � sh drifted through the oceans with 

mouths agape, ingesting plankton through specialized 

� lters, thus � lling the ecological niche that humpbacks 

and other baleen whales occupy today. 

Previously, scientists had found only a few fossils of 

� lter-feeding � sh, which lived about 145 million years 

ago and then seemingly went extinct. Large plankton 

eaters did not appear again until about 60 million years 

ago, when suspension-feeding sharks emerged. 

� at huge gap stumped researchers until last year’s dis-

covery by University of Oxford paleontologist Matt Fried-

man, who identi� ed a 15-foot-long fossil � sh, previously 

excavated from a slab of rock in Kansas, as a � lter feeder. 

Bonnerichthys, as he called it, dated to around 75 million 

years ago, long after such animals were thought to have 

vanished. Friedman subsequently reexamined dusty 

museum archives and found neglected fossils showing 

that similar gape-mouthed, plankton-eating � sh had 

thrived all over the world for more than 100 million years. 

� at abundance indicates the creatures “were far more 

than just a blip on the evolutionary radar,” Friedman says. 

“� ey were a hidden dynasty.” will hunt 

o flu vaccine: sa  

D.C., who cautions it could have been 

much worse. Early signs of H1N1 

indicated similarities to the 1918 flu 

that killed 60 million people worldwide. 

But H1N1 changed as it spread, and 

by the time it reached Japan it was 

mild, killing mostly the immunocompro-

mised elderly, says Hiroshi Nishiura, an 

epidemiologist at the Japan Science 

and Technology Agency.

A recent study of data in the 

United States measured the impact 

of H1N1 on years of life lost. By that 

measure, H1N1 seems more similar 

to the 1968 pandemic, which killed 

1 million people globally, than to the 

outbreak in 1918. Simonsen notes, 

however, that the H1N1 battle may 

not be over, pointing out that “the 

last five pandemics in history have all 

come in waves.”  MONICA HEGER

The 15-foot-long  
Bonnerichthys ate 

tiny plankton.
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52 Large Hadron 
Collider Gets Going 
With a Bang
the long wait for the world’s biggest physics 

experiment ended last March. After 25 years of plan-

ning and $10 billion spent in construction, the Large 

Hadron Collider started smashing protons together 

at more than 99 percent of the speed of light in a 17-

mile-long circular tunnel beneath the Swiss-French 

border. Each collision creates a subatomic � reball 

that mimics the � rst trillionth of a second of the 

universe’s existence.

� e � rst year’s collisions have produced an unex-

pected wealth of particles. “� e number is 25 percent 

higher than what was predicted by the models,” says 

Sergio Bertolucci, director of research at cern, which 

built and operates the collider. It will take at least 

several months before physicists know exactly what 

is happening in those collisions; � rst they will have to 

sift through the 1.25 gigabytes of data that pour from 

the lhc detectors every second.

Among the new particles emerging from the 

collider’s mini-� reballs, physicists hope to � nd the 

Higgs boson, which according to theory is respon-

sible for endowing all other particles with mass. “I 

personally think that we will � nd the Higgs in the 

next year or year and a half,” Bertolucci says. Other 

quarry include so-called supersymmetric particles, 

a possible constituent of the dark matter that holds 

galaxies together.

� e lhc is scheduled for a 15-month shutdown in 

2012 to make sure it can handle the even higher ener-

gies it was designed for. But that date is � exible. 

“If in 2011 we have hints of new physics, we will not 

stop; we will keep going,” Bertolucci says. “� ere’s an 

old saying: � e best is the enemy of the good.” 

tim folger

ANTHROPOLOGY

51 Computer 
Rosetta Stone
Deciphering an unknown language is a 

challenge even for veteran linguists. But 

in July, MIT computer scientist Regina 

Barzilay proved that a computer can do 

the job well and with astonishing speed. 

She and her colleagues developed a 

program that deciphered large chunks 

of Ugaritic, an ancient Middle Eastern 

language, in just a few hours.

Barzilay used a statistical approach 

that compared Ugaritic with Hebrew, a 

known related language. By assessing 

structural similarities between the two, 

her software calculated the probability 

that a particular Ugaritic word was a 

cognate—a functional equivalent—of 

a selected Hebrew word. (The French 

pain and Spanish pan are an example 

of a cognate pair; both mean “bread.”) 

Because Ugaritic had already been 

decoded by scholars, the MIT team was 

able to confirm the program’s success. 

Barzilay thinks the software could 

tackle languages that no human has 

been able to crack, even if it is not obvi-

ous which known tongue it most strongly 

resembles. “This technique allows you to 

quickly test several candidate languages 

to see which is closest,” she says. She 

plans to set it loose on one of the dozen 

or so undeciphered ancient languages, 

perhaps beginning with Etruscan, once 

spoken in what is now northern Italy. 

 ELIZABETH SVOBODA

ARCHAEOLOGY

53 Medical 
Secrets Inside 
a 2,000-Year-
Old Pill

archaeologists excavating 

an ancient Greek shipwreck 

near Tuscany two decades 

ago unearthed a unique � nd: 

a medicine chest whose 

contents included a tin of 

2,000-year-old medical tablets. 

Last year dna analysis of the 

pills � nally shed light on their 

makeup. Geneticist Robert 

Fleischer and historian Alain 

Touwaide of the Smithson-

ian Institution identi� ed the 

remedies by comparing dna 

sequences against a reference 

genetics database. � e green 

tablets, each about an inch 

wide and one-� fth inch thick, 

contained a garden’s worth 

of ingredients, including car-

rot, parsley, celery, cabbage, 

alfalfa, and wild onion. 

� e pills match prescriptions 

described by early physicians 

—a dream come true for 

historians. “It is the � rst proof 

that the ancient texts can 

be trusted,” Touwaide says. 

Drug companies may want 

to take note too. “� ere may 

be herbal combinations in 

these pills that no one’s tested,” 

Fleischer says. will hunt

Ugaritic inscriptions were quickly deciphered by experimental software.
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EARTH SCIENCE

54 Airplanes 
Can Pull Snow 
From Clouds
while you are passing through 

a cloud with your seat back upright 

and your tray table in the locked posi-

tion, your airplane could be triggering 

a freak snow shower. Last June micro-

physicist Andrew Heyms
 eld from 

the National Center for Atmospheric 

Research in Boulder, Colorado, 

showed that planes can punch holes 

in clouds, like the one at right, and 

change the weather below.

Ice crystals do not form easily, 

so water droplets can persist in the 

atmosphere even at temperatures far 

below freezing. Airplanes entering such 

supercooled clouds just after takeo�  or 

before landing can cause disruptions 

that instantaneously freeze those drop-

lets, Heyms
 eld says. When turboprop 

aircraft force air behind the propeller 

blades, or when jets cause moist air 

to � ow over the wings to provide lift, 

the air expands and cools. Either one 

of those aircraft e� ects can drop the air 

temperature by more than 35 degrees 

Fahrenheit, � ash-freezing the water 

vapor. � at frozen vapor quickly forms 

ice crystals that drop out of the 

cloud as snow. Heyms
 eld thinks 

this might explain some of those 

winter travel delays. “� e main e� ect 

will be locally induced precipitation,” 

he says. “Around airports, especially 

during wintertime, more snow is 

generated.”  victoria tang

A hole-punch 
cloud seen over 
Mobile, Alabama.

MEDICINE

56 Synthetic 
Antibodies Cure 
Infected Mice
Our immune system cannot always make antibodies 

—proteins that surround and deactivate pathogens—

quickly enough to neutralize aggressive viruses. Vaccines 

prime the system to build antibodies before infection, but they 

can be expensive to develop, slow to produce, or elusive. In 

March chemists created a promising alternative: a synthetic 

antibody that can disable a pathogen in a living animal. 

Ken Shea and colleagues at the University of California, Irvine, 

used melittin, the toxin in bee venom, as the antigen (the sub-

stance triggering an immune reaction). Melittin particles hold 

a positive charge, so Shea created a negatively charged poly-

mer. He added melittin so the polymer particles formed with 

a molecular imprint of the toxin’s shape. The plastic nanopar-

ticle attracted the toxin and fit it like a cast, neutralizing it. 

Shea gave mice a lethal dose of melittin, then injected half 

the animals with his plastic antibodies. All the unprotected 

mice died, but almost 60 percent of the treated ones survived. 

The experiment shows how antibodies might be built quickly 

in the lab, “a decided advantage if some unknown horrible 

disease might appear,” Shea says. DANIEL LAMETTI

55 First Peek 
at the Solar 
System’s 
Outer Edge
Far beyond Pluto, beyond even the 
comets, lies the solar system’s 
true edge—the heliosheath, where 
charged particles blowing outward 
from the sun crash into those flow-
ing from other stars to create a vast 
protective magnetic bubble. 

In September scientists produced 
the most comprehensive study yet 
of this distant boundary, finding it 

improbably dynamic. The observa-
tions come from NASA’s Interstellar 
Boundary Explorer (IBEX), which 
detects neutral atoms that are 
sent streaming toward Earth after 
breaking free from the heliosheath. 
In 2009 IBEX data revealed a long 
ribbon of those atoms, with a knot in 
it, crossing the sky. Just six months 
later, the knot had unwound. 

Mission leader Dave McComas of 
the Southwest Research Institute in 
San Antonio says there is no good 
theory for why the heliosheath 
would be so jittery tens of billions 
of miles from the sun despite its tre-
mendous size, or for why the ribbon 
even exists.

Initially scheduled to end next 
month, IBEX’s mission was extended 
so that McComas can monitor the 
heliosheath over a longer time-
scale. “We have to analyze this as 
a dynamic structure—breathing, 
changing, and evolving,” he says. 
NASA astronauts would be likely 
to agree: When the heliosheath is 
weaker, it provides less protection 
from interstellar particles that could 
cause cancer in anyone embarking 
on a lengthy interplanetary mission.  
 ANDREW MOSEMAN
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57
What was the most important 

turn of events this year in 

the arena of genetic law and 

ethics? 

In May Walgreens announced 

that it planned to sell genetic 

tests in its stores. � e fda 

issued a warning letter to the 

test manufacturer in response, 

saying that such a product 

would require fda approval, 

and then Walgreens pulled out. 

Congress also held hearings 

on genetic testing, and the U.S. 

Government Accountability 

O�  ce issued a report that was 

pretty damning to the direct-

to-consumer industry. � ey 

sent the same dna to a bunch 

of di� erent companies and got 

some very inconsistent results. 

To me, federal involvement was 

the big story. Consumer genetic 

testing is probably going to get 

more regulated, and we saw 

that starting around the middle 

of the year. I think that’s a good 

thing.

What are your concerns about 

consumer genetic tests?

I don’t think consumer genom-

ics should be allowed for medi-

cal purposes. For genealogy, for 

paternity testing—� ne. One of 

my nightmares is that a woman 

learns that she doesn’t have 

the high-risk form of the gene 

for breast cancer susceptibility, 

so she decides she no longer 

needs to get mammograms. 

� at could be a fatal mistake. 

If people can order genetic 

information through the Web 

and get results without any 

health professional being 

involved, they might act on 

that information in harmful 

ways—either because they 

think they’re safer than they 

actually are, or they think 

they’re at greater risk than 

they actually are. � e compa-

nies that o� er these tests give 

inconsistent results because 

the science is really new, and 

it’s not ready for medical use. 

And last, the companies keep 

all this information on you. 

� ey’ve got privacy policies, but 

will they honor them in the long 

term? What happens if they go 

bankrupt and get bought? What 

if a lawyer or a district attorney 

comes in with a subpoena? We 

just don’t know. 

What are your thoughts about 

the optional genetic testing for 

new students at the University 

of California, Berkeley? 

Berkeley decided to o� er 

incoming students a chance 

to get genotyped as a way of 

getting them interested in the 

potential of dna. � at was a 

good impulse, but they were 

asking students to make a 

decision about whether to 

get genetically tested without 

much information about the 

program. � ey hadn’t had 

a genetics class, and there 

was no face-to-face informed 

consent. � e test would have 

looked at three genes: one 

for lactose intolerance, one 

I N T E R V I E W

The helical molecules of our DNA are becoming increasingly 

entangled in our everyday lives. Universities propose genetic 

testing for incoming freshmen, Indian tribes sue to retrieve their 

genetic samples, crimes are solved through new forms of foren-

sic analysis, and individuals routinely learn about their genetic 

predisposition to disease. Regulations, meanwhile, are lagging 

far behind the new scientific possibilities. Bioethicist Hank Greely, 

director of the Center for Law and Biosciences at Stanford Law 

School, is seeking a sensitive path through this ethical thicket. 

t e x t  b y  R O B E RT  K E AT I N G  p h o t o g r a p h  b y  B I L L  R E I T Z E L

Bioethicist Hank Greely speaks out 

on the vast benefits and troubling 

risks of sequencing personal genomes 

for pennies on the gene.
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involved in processing alcohol, 

and one involved in folate 

metabolism. You’re dealing 

with 17-year-olds. Anything 

you tell them could be mis-

interpreted. If they hear “You’ve 

got the normal gene for alcohol 

processing,” they might decide 

that they should grab another 

six-pack. [Berkeley ultimately 

decided not to provide per-

sonal results to students.]

But you’ve also been a propo-

nent of genetic tests. Why?

I’m rational. Every technol-

ogy can be used well or poorly. 

Done well, I think genetic 

testing holds the promise for 

substantial improvements in 

human life. 	 e classic success 

story is neonatal screening 

for phenylketonuria [a genetic 

disorder characterized by the 

inability to utilize the amino 

acid phenylalanine], which has 

saved thousands of children’s 

brains. Done poorly, genetic 

testing can screw people up. 

What are some of the promis-

ing developments that will 

allow us to reap the 

benefits of genetic 

knowledge?

We’re now down to 

under $10,000 to 

do a whole human 

sequence. In maybe 

two years from 

now, it’s going to be 

under $1,000. 	 at 

will change things. 

Currently, you can 

cheaply search for 

one particular gene 

or disease in great 

detail or you can 

search your whole 

genome in poor 

detail. Whole-

genome sequencing 

is the combination: 

everything in detail. 

	 en hopefully your 

doctor can tell you 

about every known 

genetic risk you’ve 

got and can help 

you understand 

how to make sense 

of that information 

[see page 25]. 

Do new kinds of 

forensic work raise 

any ethical issues? 

	 e Los Angeles 

police added an 

interesting twist to 

dna analysis this 

year that allowed 

them to catch a killer based on 

his son’s dna records. 	 is is 

family forensic dna analysis. 

Unless you’ve got an identi-

cal twin, we’re all genetically 

di� erent. But your parents, 

siblings, and children share 

half of your dna. So if you’ve 

got some crime scene dna and 

you compare it with sequences 

from convicts (and from some 

people who have simply been 

arrested), you might � nd some 

individuals who are not a 

perfect match but still match 

more closely than you would 

expect from randomness. 	 is 

gives you a lead. You ask those 

convicts who were a partial 

match: “Do you have any 

brothers? Any sons?” 	 at’s 

what happened in L.A., with 

the so-called grim sleeper, a 

serial rapist and killer. His dna 

hadn’t matched anyone in the 

database, but his son’s dna was 

in there, and they were able to 

� nd the killer based on that 

lead. I think it’s constitutional, 

but it is disturbing. You become 

a suspect because you’ve 

got relatives who have been 

arrested. 	 e crimes of the son 

are visited on the father.

What about the Havasupai 

Indians, who claimed the DNA 

they provided for diabetes 

research was used for other 

studies without their consent? 

People are beginning to realize 

that, when you give up your 

dna for research, maybe you’re 

giving it up for a lot more than 

you intended. Researchers 

might use it for other things 

that they didn’t tell you about. 

	 e Havasupai story shows 

that people might not be com-

fortable with that. I’m a strong 

advocate of research but only if 

the people who contribute dna 

agree to a complete explana-

tion of how it will be used. It’s 

a very interesting time. We’re 

really in the middle of several 

overlapping scienti� c revolu-

tions where our ability to learn 

things is skyrocketing and 

our understanding of how we 

should use that knowledge is 

developing more slowly.

Do you think science should 

slow down a bit to evalu-

ate the implications of new 

knowledge? 

I’m not sure I would say we 

have to slow science down, but 

we have to speed up our abil-

ity to think through the likely 

consequences. 
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MEDICINE

58 The 13 
Faces of Lyme
lyme disease, the most prevalent 

tickborne infection in the United 

States, can vary greatly from one per-

son to the next. 
 e hallmark is said 

to be a bull’s-eye rash, yet the rash 

can take other shapes or not appear 

at all. Some patients su� er nerve 

damage, others heart block or swollen 

joints. Almost 20 percent report a 

� ulike condition marked by myalgia, 

arthralgia, and fatigue. Intensity veers 

wildly too: In one patient symptoms 

may be barely discernible; in another 

so incapacitating that life is derailed.

Now the reason for this inconsis-

tency is becoming clear. In October 

a team of scientists published the 

sequences of the genomes of 13 strains 

of Borrelia burgdorferi, the bacterium 

that causes Lyme disease. “Di� erent 

strains have di� erent capacity to cause 

disease,” explains infectious-diseases 

physician Benjamin Luft of the State 

University of New York at Stony Brook. 

“We now have a more complete 

picture of the pathogen and the genes 

that may be related to the disease.”

For patients the payo�  could be 

great. Scientists have had to develop 

diagnostic tests and vaccines with-

out information from the genomes. 

But now “the approach can be reset 

using the bacterial and human 

genomic data,” says immunologist 

Steven Schutzer of the University 

of Medicine and Dentistry of New 

Jersey. “For instance, diagnostic 

tests could be tailored to di� erent 

strains or stages of the disease,” and 

vaccines could be designed to skirt 

interaction with the human body.


 ese results, along with imaging 

technologies that capture pathogens 

in the living host, form a “sca� old” 

for future research into Lyme disease, 

says Joseph Breen, bacteriology pro-

gram o�  cer at the National Institute of 

Allergy and Infectious Diseases, which 

funded the work.   pamela weintraub

59
It seems that Earth’s wayward twin—where 
surface temperatures hover around 900 
degrees Fahrenheit and the clouds rain 
sulfuric acid—is an even more hellish place 
than previously known. New observa-
tions of Venus by a European spacecraft, 
described in the journal Science last April, 
indicate that the planet is dotted with 
active volcanoes. 

Ever since NASA’s Magellan probe 
mapped Venus’s surface in detail in 
the early 1990s, scientists have known 
that the landscape there is remarkably 
unblemished by impact craters but 
rich in apparently dormant volcanoes. 
Researchers developed two theories 
to explain the planet’s smooth surface: 
Either our sister world underwent a 

planetwide paroxysm of lava flows 
about 500 million years ago, before 
falling into a geologic coma, or it has 
been awake all along, resurfacing itself in 
small eruptive spurts. 

Infrared readings from the Venus 
Express—a probe currently orbiting the 
planet—add weight to the second theory. 
Suzanne Smrekar of the Jet Propulsion 
Laboratory and her colleagues deduced 
that lava flows on the flanks of several 
Venusian volcanoes appear unweathered, 
meaning that the flows must be no more 
than 2.5 million years old. Some of these 
volcanoes could be erupting right now. So 
the planet is not geologically dead after 
all. It is alive and may be ready to rumble. 
 MICHAEL LEMONICK

Active Volcanoes on Venus?
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Lava flows smoothed 
our sister planet’s 
surface—but when?
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MATH

60 Fighting 
Crime With 
Mathematics
One major problem in crime-fighting is 

that a police crackdown in one neighbor-

hood may simply push criminal behavior 

into a nearby area. In March two math-

ematicians, working with an anthropolo-

gist and a criminologist, announced a 

way to quantify this reaction.

“Crimes tend to cluster together in 

space and time, forming hot spots,” 

says UCLA mathematician Martin Short, 

the study’s lead author. Drawing on 

real-world data, his team developed 

a model showing that hot spots come 

in two varieties. One type forms when 

an area experiences a large-scale crime 

increase, such as when a park is overrun 

by drug dealers. Another develops when 

a small number of criminals—say, a pair of 

burglars—go on a localized crime spree. 

The model suggests that a focused 

police response can relatively easily 

extinguish larger hot spots because 

the criminals there scatter randomly, 

making it unlikely that they will resume 

coordinated unlawful activity nearby. 

But for smaller crime waves, crooks 

just migrate together into an adjacent 

neighborhood, where they are likely to 

start another spree. By analyzing police 

reports as they come in, Short hopes 

to determine which type of hot spot 

is forming so police can handle it more 

effectively. DANIEL LAMETTI

ENVIRONMENT

61 Rivers at 
Risk Worldwide
the world’s rivers are in peril. 

Pollution, urbanization, and construc-

tion of dams and reservoirs are jeopar-

dizing the water supply for nearly 80 

percent of the global population, an 

international team of environmental 

scientists concluded in a comprehen-

sive study published in September.

Combining data on precipitation, 

topography, habitat changes, dam con-

struction, and pollution, the research-

ers created detailed maps of the threats 

to rivers around the world. � ose maps 

show that degradation of freshwater 

systems a ects both developed and 

developing countries; the majority of 

the populations of the United States, 

Europe, India, and China all live in areas 

at risk for water shortages a ecting 

drinking supplies, sanitation systems, 

or agricultural use. Study coauthor Peter 

McIntyre, an ecologist at the University 

of Wisconsin, notes that wealthier 

nations can manage the problem with 

complex sanitation facilities and 

other engineering schemes while the 

underlying issues—water scarcity and 

pollution—continue to intensify. “Our 

technology gives us a false sense of 

security. When we go home at night, we 

can turn on the faucet and have clean 

running water,” he says. But in the natu-

ral systems that ultimately supply that 

water, “we’re already at a crisis point.”

McIntyre hopes the study will high-

light the need for a shift in the way water 

resources are managed, moving from 

engineering solutions to protecting the 

natural watersheds that keep people and 

ecosystems healthy. monica heger

Map shows 
relative threats 

to human 
water supplies; 

red denotes 
areas most 

at risk.

NEUROSCIENCE

62 Glia: The 
Other Brain Cells
Neurons seem to be the brain’s workhorse 
cells, carrying out all the crucial electrical 
communications. The rest of the brain’s 
cells, called glia, were long considered 
little more than scaffolding. But one kind 
of glial cell, the star-shaped astrocyte, 
actually appears to take an active role.

In a report published in Science in July, 
British and American researchers showed 
that when rats inhale excess carbon 
dioxide, astrocytes in the brain stem sense 
the resulting increase in blood acidity. The 
team tagged these astrocytes with a pro-
tein that fluoresces in response to cellular 
activity and saw that the cells signaled 
the neurons that influence breathing. 
The rats then breathed more deeply, 
taking in more oxygen. “These guys are 
even more sensitive than neurons,” says 
Sergey Kasparov, a University of Bristol 
molecular physiologist. NIKHIL SWAMINATHAN
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PHYSICS

63 Ghost 
Particles 
Shake 
Physics
In May an international group of 

physicists studying the elusive 

particles known as neutrinos 

announced that they had spotted 

one spontaneously transforming 

from one type to another. Such 

an ability indicates that neutrinos, 

long thought to be weightless, 

have mass, a finding with pro-

found theoretical and cosmo-

logical implications.

Neutrinos come in three vari-

eties: muon, tau, and electron. 

Previous experiments had sug-

gested that one variety can turn 

into another, and scientists finally 

caught one in the act. They fired 

a billion billion muons from CERN 

in Switzerland toward the OPERA 

detector in Italy, hoping to discov-

er one of them transforming into 

a tau neutrino, and in late 2009 

they did. The standard theory of 

particle physics does not allow 

that to happen. (A separate 2010 

experiment at Fermilab found evi-

dence of a fourth type of neutrino 

—another major puzzle.) OPERA 

physicist Antonio Ereditato notes 

that neutrinos are so common 

that although their mass is tiny, 

collectively they must account for 

a noticeable fraction of the bulk 

of the universe. ANDREW GRANT

PALEONTOLOGY

64 What Color Is 
Your Dinosaur?
 

Some 125 million years ago, a chicken-size 

Sinosauropteryx, an early relative of T. rex, 

scampered through northeastern China. 

From its remains, we know a lot about 

this dinosaur: It was covered with spiny 

hair, it ate meat, and it walked on its hind 

legs. And now we know what color it was. 

Last January researchers determined that 

Sinosauropteryx sported a striped chest-

nut and white tail—the first time anyone has 

been able to describe a dinosaur’s color. 

Mike Benton, a paleontologist at the 

University of Bristol in England, had set 

out to show that Sinosauropteryx’s hair-

ZOOLOGY

65 Animals Survive 
Without Oxygen
Last April Italian and Danish deep-sea 
re searchers described multicellular animals 
that conduct their entire lives without respiring 
oxygen. The crew found the three new species 

of Loricifera (jellyfish-like animals less than a 
millimeter long) in the sediment of L’Atalante 
Basin, a zone of salty, oxygen-depleted water at 
the bottom of the Mediterranean. When Antonio 
Pusceddu of the Marche Polytechnic University 
in Italy and his colleagues found the Loricifera, 
they assumed the animals had fallen to the sea-
floor after dying. “We thought it was impossible 
that they could live there,” Pusceddu says, but 
tests conducted on two subsequent expedi-
tions indicated that the specimens were alive.

The Loricifera have unique adaptations to an 
oxygen-free environment. Instead of mitochon-
dria (the cellular engines that convert oxygen 
to energy, present in all other known animal 
cells), these creatures contain structures re-
sembling hydrogenosomes, the organelles that 
anaerobic microbes use to generate energy. 
The finding raises the possibility that complex 
animal life could exist in all kinds of harsh, oxy-
gen-free environments—on Earth and perhaps 
on other worlds, too. LAURIE RICH SALERNO

like bristles were precursors to the feathers 

on today’s birds. Examining those fossilized 

bristles through a powerful microscope, he 

did more than confirm his hypothesis: He 

also noticed that the bristles were brim-

ming with melanosomes, color-bearing cell 

parts found in modern avian feathers. The 

shape of melanosomes determines their 

hue, and the more packed they are, the 

darker the shade. The round melanosomes 

in Sinosauropteryx indicate a dark red 

shade arranged in a striped pattern.

Now that he knows what to look for, 

Benton hopes to unveil the colors of other 

feathered dinosaurs, helping scientists trace 

their relationship to birds and even decode 

their social behavior. “These primitive feath-

ers evolved before wings,” he says, “so it’s 

likely they first evolved for insulation and 

display rather than flight.” AMY BARTH

A fossilized 
Sinosaurop-

teryx, the first 
dinosaur to 
have its colors 
revealed.
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MEDICINE

66 Synthetic 
Lung Takes a 
Breath
combining tissue engineering 

and the same micro-fabrication 

techniques that are used to pro-

duce computer chips, Harvard 

University cell biologist Don 

Ingber and his colleagues have 

built a living, breathing synthetic 

lung—albeit one just the size of 

a quarter.

Last June Ingber’s team 

reported that it had placed 

human lung lining cells and 

human capillary cells on either 

side of a porous, � exible polymer 

membrane. As the two cell types 

exchanged air and nutrients 

through the membrane, the 

researchers used on-and-o�  

suction to make it expand and 

contract, mimicking a lung’s 

natural movement. “	 e whole 

thing breathes, just like we do,” 

Ingber says.

	 is lung-on-a-chip could 

someday replace animal testing, 

Ingber suggests. His team has 

shown that the synthetic lung 

responds to pathogens much like 

the real thing does. After “inhal-

ing” E. coli, for instance, the lung 

attracted human white blood 

cells to attack and kill the bac-

teria, a process scientists have 

long understood but never before 

witnessed in vitro. Other, nonin-

fectious nanoparticles traveled 

across the membrane interface, 

showing that the laboratory-

created lung also reacts much 

like a live lung to air particulates. 

Ingber and his colleagues are 

working on analogous models 

of other organs, too, including a 

beating heart and a gut capable 

of a peristaltic wave. Could a 

“human-on-a-chip” be very far 

behind?  valerie ross

67

October marked the completion of the 
ambitious, decadelong Census of Marine 
Life. More than 540 international expedi-
tions sailed to coral reefs, hydrothermal 
vents, seamounts, and open ocean waters to 
assemble a comprehensive picture of the di-
versity, habitats, and abundance of animals 
and microbes living in the sea. Ocean-
going researchers found life even in some 
of the hottest, coldest, and most chemically 
inhospitable places on the planet. They also 
reported that microbes may account for 
as much as 90 percent of the mass of all 
ocean life. The census turned up more than 
6,000 new species candidates, including the 
pair depicted here: an acorn worm (above) 
from the deeps of the North Atlantic, and a 
polychaete worm (right) found on a whale 
carcass near Japan. The estimated number 
of marine species now stands at 250,000.
 VALERIE ROSS

Marine Census 
Completes Its Count
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69 Saturn’s moon Titan is wrapped in a 
thick, hazy atmosphere whose chemistry 
may mirror conditions on Earth before 
life emerged here some 4 billion years 
ago. In October Sarah Hörst reported that 
the resemblance is more than superficial. 
She simulated Titan’s haze in the lab and 
found it naturally cooks up the molecular 
building blocks of biology.

Hörst, a planetary scientist at the Uni-
versity of Arizona, began studying Titan’s 
chemistry after the NASA Cassini probe 
detected complex organic molecules in the 
atmosphere. To mimic Titan’s environ-
ment, her team combined cold nitrogen, 
methane, and traces of carbon monoxide 
and exposed the mix to micro waves (which 
simulate the sun’s ultraviolet rays) and 
oxygen (which rains down on Titan from 
eruptions on the nearby moon Enceladus). 
The resulting concoction contained amino 
acids, the fundamental units of proteins, 
as well as the five chemical bases that 
constitute DNA and RNA.

Perhaps the most notable aspect 
of Hörst’s experiment is what she left 
out: liquid water, which is crucial for 
terrestrial life but absent from most 
of the cosmos, including Titan. “In the 
right kind of atmosphere, you can have 
extremely complex chemistry going on 
without water,” she says. Titan’s surface 
temperature of –290 degrees Fahrenheit 
probably rules out life as we know it, 
but the simulation shows that organic 
compounds can arise even under hostile 
conditions. Perhaps life’s precursors 
formed in a similar haze around early 
Earth before plunging into surface pools 
of liquid water. ANDREW GRANT

Is Life’s 
Chemistry 
Cooking 
on Titan?

COSMOLOGY

PSYCHOLOGY

68 Emotions Survive 
After Memories Vanish
People suffering from anterograde amnesia—caused by damage to the 

brain’s hippocampus—can remember details about their past but lack the 

ability to form new memories. Not everything gets lost, however. In April 

University of Iowa researchers observed that emotions persist in these 

amnesiac individuals even after they forget the cause, an important clue 

about how the brain stores different kinds of information.

Neuropsychologist Justin Feinstein and his collaborators showed 

a group of patients with severe anterograde amnesia two series of 

video clips (including scenes from The Notebook and America’s 

Funniest Home Videos) to induce sadness and happiness in their 

subjects. Memory tests administered several minutes later showed 

that the patients retained few, if any, specific details about the clips. 

But emotion measurements showed that the feelings induced by the 

videos lingered, with sadness outlasting happiness. 

“Even though emotions seem fused together with memories in our 

stream of consciousness, it turns out that this is not the case,” Fein-

stein says.

Patients suffering from Alzheimer’s disease and dementia have dam-

age to the hippocampus similar to that seen in people with anterograde 

amnesia. The new study therefore suggests that a visit or telephone 

call with such patients could have profound positive effects even if the 

interaction is soon forgotten, Feinstein says.  LYDIA FONG
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70 The Proton 
Gets Small(er)

Few things in physics have been 
more thoroughly studied than the 
proton, a fundamental building 
block of atoms. So it was a shock 
in July when Paul Knowles of the 
University of Fribourg in Switzerland 
claimed the proton is 4 percent 
smaller than everyone has thought 
for more than 50 years. 

In the past, physicists have used 
electrons to measure the proton’s 
size indirectly. When a laser zaps 

an electron orbiting a proton, the 
electron undergoes what is called 
the Lamb shift, absorbing energy 
and jumping to a higher 
energy level. According to quantum 
electrodynamics, the Lamb shift 
is partly a function of the proton’s 
size; this allows physicists to infer 
its measurements. But instead of 
lasing electrons, Knowles examined 
protons with particles called muons, 
which he calls “the electron’s fat 

cousin.” Muons, he says, are more 
sensitive to the proton’s size, and so 
their Lamb shift gives a much more 
reliable estimate. 

In quantum physics, a 4 percent 
mistake is a mighty error. “Either 
there’s a problem with quantum 
electrodynamics,” Knowles says, 
“or there’s some funny physics going 
on that no one understands yet.”
 DANIEL LAMETTI

ANTHROPOLOGY

72 Stone-
Age Romeos 
and Juliets
In May an international group of 

biologists announced that Nean-

derthals and modern humans 

probably had interbred in the 

Middle East shortly after migrat-

ing out of Africa, possibly as long 

as 100,000 years ago. As a result, 

many humans today carry 1 to 4 

percent Neanderthal genes.

Svante Pääbo and his team at 

the Max Planck Institute for Evo-

lutionary Anthropology in Leipzig, 

Germany, analyzed DNA in three 

Neanderthal bones from the Vin-

dija cave in Croatia, comparing 

their genomes with those of five 

present-day humans from south-

ern Africa, West Africa, Papua 

New Guinea, China, and Western 

Europe. Neanderthals showed 

more similarity to people in Europe 

and East Asia than to those in 

Africa. “The gene flow between the 

two groups most likely occurred 

before modern humans came to 

Europe about 30,000 to 40,000 

years ago,” Pääbo concludes. 

Pääbo’s findings are echoed 

in work from genetic anthropolo-

gists at the University of New 

Mexico. They studied genetic 

data from 1,983 living individu-

als across Africa, Europe, Asia, 

Oceania, and the Americas and 

concluded that Neanderthals or 

another ancient hominid group 

must have interbred with our 

ancestors at least once, in the 

eastern Mediterranean, soon 

after humans migrated out of 

Africa. That is why we see the 

Neanderthal genetic fingerprint in 

all non-Africans, not just in Euro-

peans. Says study investigator 

Keith Hunley, “We are currently 

trying to pin down how much 

interbreeding occurred.” 

 JILL NEIMARK

A fossilized Homo nean-

derthalensis found in
1908 in a cave at La Cha-
pelle-aux-Saints, France.  
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PALEONTOLOGY

71 Fossil Prints 
Rewrite History
grzegorz niedŹwiedzki grew up 

wandering the mountains of central 

Poland, once a stomping ground for 

ancient reptiles and amphibians. 

Now a paleontologist at the University 

of Warsaw, he is building on his youth-

ful explorations: Last year he discov-

ered two sets of fossil footprints that 

add to our understanding of life’s key 

evolutionary transitions. 

� e 	 rst group of prints—a 395-

million-year-old track created by a 

four-legged land vertebrate—made 

the cover of Nature last January. 

Niedźwiedzki’s 	 nd is 18 million years 

older than any previous evidence of 

land animals. “Many basins are ter-

rible at preserving delicate bones but 

very good at capturing footprints,” says 

Steve Brusatte of the American Muse-

um of Natural History in New York, 

who works with Niedźwiedzki. “� ese 

prints are pushing back the oldest 

representatives of animal groups.”

In October Niedźwiedzki and 

Brusatte reported another major 

	 nd, 250-million-year-old fossil-

ized footprints that represent the 

oldest evidence of the dinosaur’s 

forebears. “� ese footprints are only 

1 or 2 million years younger than the 

Permian-Triassic mass extinction,” 

Brusatte says. “� e rise of dinosaurs is 

intimately related to this event. Many 

species went extinct, but for dinosaurs 

and their close relatives it was an 

opportunity to blossom.” amy barth

PHYSICS
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How does someone go 

from hotel magnate to space 

entrepreneur? 

I decided when I was very young 

that I wanted to do something 

exciting and meaningful in the 

space arena and I had no idea 

what that was going to be, but I 

assumed it was going to take a lot 

of money so I spent a lifetime as a 

developer, a builder, and an own-

er of banks to understand the 

business community and acquire 

the money to follow my dream. I 

� nally decided to do that about 

13 years ago, and in 1999 I formed 

our company, building on a type 

of nasa technology for which 

Congress had cut money—soft 

structures that expand to full 

size in space. Oh, my gosh, I 

can’t believe Congress did this 

because that type of technology 

was obviously so superior to the 

aluminum can technology.

NASA has canceled its 

human spaceflight program, 

Constellation, which was sup-

posed to take us back to the 

moon. Was that a good idea? 

Oh, absolutely. It was a dead-

man-walking program, and it 

wasn’t just that there wasn’t 

enough money. � e Americans 

already have $100 billion sunk 

into the International Space Sta-

tion [iss] and have no way to get 

there. � en along comes Bush Jr.’s 

fantasy of going back unnecessar-

ily to the moon, created by nasa 

and other folks as a consolation 

for the Columbia disaster. It was 

a terribly expensive program 

and had technological and phys-

ical di�  culties of execution. Ten 

billion dollars have already been 

blown on that, and Americans 

have nothing to show for it. 

NASA administrator Charles 

Bolden has said that private 

spacecraft developers are the 

faces of the new frontier. Is 

that how you see it?

Why should the private sector 

get involved in space� ight? 

Who was it that was very 

involved in getting us to the 

moon? Who was it that was 

very involved in building the 

structures for the iss? It wasn’t 

nasa, because nasa is a gen-

eral contractor. It subcontracts 

practically everything out, so 

whom does it subcontract to? 

It subcontracts to all the nor-

mal cast of characters, in the 

United States primarily. � ere 

are some foreign suppliers, but 

they’re in the minority com-

pared with the amount of work 

and contracts that are awarded 

domestically. And we should 

help feed our own. nasa is on 

its knees. It has had a terrible 

record over the past 30 years, 

and you say, well, why should 

the private sector get involved? 

� e answer really is, why not? 

Because the private sector 

hasn’t had a chance all this 

time over all these decades, 

and what do we have to show 

I N T E R V I E W

In the brave new world of private spaceflight, Robert Bigelow 

may be the brashest player of all. Having built his fortune on 

the Budget Suites of America hotel chain, the Las Vegas entre-

preneur is shooting for the stars, betting an estimated $500 

million on his company, Bigelow Aerospace. He launched the 

Genesis space modules in 2006 and 2007 and now plans a 

fleet of space taxis, space hotels—even a private moon base. In 

July he and executives from Boeing’s Space Exploration divi-

sion announced plans for a low-cost manned spacecraft called 

Crew Space Transportation 100, capable of carrying cargo 

and up to seven passengers into orbit by 2015. As NASA winds 

down its space shuttle program, the outspoken space cowboy 

has a lot to say about our missions of the future—and the past. 

7

t e x t  b y  DAV I D  K U S H N E R  p h o t o g r a p h  b y  J A R E D  M C M I L L E N 

3 NASA has not designed a new 

manned spacecraft since the shuttle 

started to fly in 1981. Entrepreneur 

Robert Bigelow wants to step in 

with a private fleet of space taxis.
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for it? nasa has not completed 

a human transportation system 

since the shuttle � rst started to 

� y in 1981.

So where should the 

government be directing its 

spending? 

If you were an investor and you 

were an American taxpayer, 

would you want to shove these 

billions of dollars back into 

nasa’s hands and say, “ok, do it 

to us again”? Wouldn’t you want 

to say, “Boeing, we have some 

belief in you. Here, for a change, 

let’s do something unique and 

di� erent.” Let’s take the most 

class-A aerospace company we 

have and say to them, “Here—

here’s money. Please go out and 

execute a good, safe, reliable, 

a� ordable capsule that can 

be put on the best rocket that 

Americans have with the best 

pedigree and experience that 

Americans have.” And that’s 

the Atlas 5 [operated by a joint 

venture between Boeing and 

Lockheed Martin]. 

How can private industry 

overcome safety concerns? 

� e lion’s share of money needs 

to be awarded to Boeing so 

we’re sure we have our bases 

covered with a world-class 

company that can get it done 

and make it happen. We also 

need to have another company 

as a backup. � e second-best 

company is probably SpaceX 

[run by PayPal cofounder Elon 

Musk] because it has already 

demonstrated successes. Are 

these � ights su�  cient to give 

us the kind of comfort that is 

necessary to entrust human 

lives? Not by a long shot. 

However, every � ight made by 

the Falcon 9 [a SpaceX launch 

vehicle that achieved orbit in 

June] puts experience on nine 

motors. When you multiply 

that out and you do a lot of 

those � ights, your motors can 

start to have a lot of seconds 

of experience. 

Should the Federal 

Aviation Administration over-

see private spaceflight?

We hope the faa Acquisition 

System Toolset [fast] rather 

than nasa takes jurisdiction 

over the execution of space-

� ights for the private sector. 

nasa is not capable of adminis-

tering a lot of � ights and over-

seeing them e�  ciently. nasa 

wouldn’t be on its knees today 

if it were good at executing 

programs. We want to give that 

job to the faa, which already 

administers tens of thousands 

of air � ights per day in this 

country and has the expertise 

to be agile in making these 

decisions. It will be the death 

knell if it doesn’t happen.

Where would the FAA start?

Suborbital space� ight will 

provide a perfect opportunity 

for fast to establish itself as 

capable of handling demanding 

orbital space� ight schedules.

Where do you see human 

space exploration going over 

the next decade?

� e United States appears to be 

declining in its ability to com-

mand space. Other countries 

are ascending. If we project that 

out for another 12 or 15 years, it’s 

a very uncomfortable picture. 

It means that not only is the 

United States not in control, 

but the United States doesn’t 

have the ability to execute 

by itself—without cobbling 

together a whole bunch of part-

ners—a meaningful expedition. 

Exploiting the moon, sooner 

or later, is going to happen: It 

is the perfect platform from 

which to jump to the rest of the 

solar system. It is the perfect 

platform to gain experience 

from, and it is self-endowed 

with frozen water, which is ter-

ribly valuable from a rocket fuel 

standpoint, from a consump-

tion standpoint. � e moon has 

a noncontaminating fuel, 20 

million metric tons of helium-3, 

and the Earth has almost none. 

Exploiting Mars, sooner or later, 

is going to happen. � ese are 

gigantic opportunities for the 

human race. 
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New Species: 
Found Today, 
Lost Tomorrow
call it the “now you see them, 

soon you won’t” phenomenon. 

In a year that the United Nations 

declared the International Year of 

Biodiversity, scientists announced 

a bevy of newfound species that 

appeared to be already teetering on 

the brink of extinction. 

In January a team from Israel’s 

University of Haifa at Oranim 

announced the discovery of Cerbalus 

aravensis, a spider with a leg span of 

more than 	 ve inches. Unfortunately, 

its sole habitat is a desert region in 

Israel called the Dunes of Samar, an 

area once covering about 7 square 

kilometers but reduced to a fraction 

of that size by agriculture and min-

ing. Also in January, the nonpro	 t 

group Reptile & Amphibian Ecology 

International (RAEI) announced 

that an expedition to the rain forests 

of coastal Ecuador had found new 

reptiles, insects, and amphibians 

whose habitat is threatened by cli-

mate change and deforestation. Paul 

Hamilton, leader of the RAEI Ecua-

doran expedition, worries that some 

of these species may disappear before 

they are even formally described. 

� e Caquetá titi monkey of 

Colombia (a remarkable animal 

resembling a leprechaun, 	 rst 

described in August) is threatened, as 

are Borneo’s Microhyla nepenthicola, 

the Old World’s smallest frog (also 

announced in August), and Durrell’s 

vontsira, a mongooselike carnivore 

from Madagascar whose discovery 

was announced in October. And 

things aren’t looking much better 

for plants. A team of American and 

British scientists, publishing in the 

2010 Proceedings of the British Royal 

Society, estimated that of all the 

plants on earth, some 60,000 species 

remain to be found. Disproportion-

ately, the scientists say, recently 

discovered species live in fragment-

ed, fragile habitats—and therefore 

they, too, may number among those 

that are most threatened. 

 rebecca coffey

Clockwise 
from left: 
Colombia’s 
Caquetá 
titi monkey; 
Durrell’s 
vontsira, from 
Madagascar; 
and Cerbalus 

aravensis, a 
spider discov-
ered in Israel.

BIOLOGY

75 Social 
Life Begins in 
the Womb
humans are so social that new-

born babies are able to imitate facial 

expressions of the people around them. 

In fact sociability begins even earlier, 

in the womb, according to Umberto 

Castiello and his team at the University 

of Padova. � ey used state-of-the-art 

ultrasound to monitor the movements 

of 	 ve pairs of fetal twins, between 14 

and 18 weeks of gestation. � e results, 

reported last October, show that even 

the youngest fetuses in the study recog-

nized and responded to the other twin.

When reaching toward the co-

twin—especially around the eyes 

and mouth—their motion was 

relatively slow and delicate. When the 

fetuses touched themselves, on the 

other hand, they were less cautious 

(although they approached their own 

eyes and mouth more gingerly than 

other parts of their body). � ey were 

roughest toward the uterine wall, 

kicking and shoving it with force. “In 

some very primitive form,” Castiello 

says, “it appears that the fetus by the 

second trimester already has a sense of 

‘self ’ that is di� erent from ‘other.’ ”

Andrew Meltzo� , the psychologist 

who discovered infant facial imita-

tion back in the 1970s, agrees. “If 

these 	 ndings are right,” he says, “the 

birth of sociality occurs before physi-

cal birth—a fascinating prospect.” 

 kathleen mcauliffe

Ultrasound image of social twins in utero.

ENVIRONMENT
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78 Good 
Listeners 
Get Inside 
Your Head
What is it like to get inside an-
other person’s head? You already 
know the answer, according to 
Princeton neuroscientist Lauren 
Silbert. She placed herself in an 
fMRI brain scanner and noted 
her neural response when she 
spoke about a vivid memory (two 
boys fighting over her at her high 
school prom). Later she and her 
collaborators scanned the brains 
of a group of volunteers as they 
listened to a recording of her story. 

The outcome, published last 
June, was remarkable. Among the 
listeners who paid close attention 
to the story—as measured by a 
subsequent questionnaire—brain 
activity paralleled the activity in 
Silbert’s own brain. More surpris-
ing, among the most attentive 
listeners, key brain regions lit up 
before her words even came out, 
suggesting anticipation of what 
she would say next. “The more 
you anticipate someone, the more 
you’re able to enter their space,” 
Silbert says. AMY BARTH

COSMOLOGY

76 What 
Lies Beyond 
the Edge of the 
Universe

the visible edge of the 

universe is, by de� nition, the 

most distant thing that we 

can see. � at does not mean 

it is the most distant thing we 

can feel, however.

According to astrophysicist 

Alexander Kashlinsky of nasa’s 

Goddard Space Flight Center, 

something from way beyond 

the edge seems to be pulling 

powerfully on galaxies in our 

universe, yanking them along 

in a motion he calls “dark � ow.”

Kashlinsky and his team 

noticed this phenomenon 

while studying the cosmic 

microwave background, 

radiation left over from just 

after the Big Bang. Giant clus-

ters of galaxies scatter 

the radiation in a way that 

makes it possible to deter-

mine how each cluster is 

moving. When Kashlinsky 

plotted those motions, he 

determined that the galax-

ies seem to be racing in a 

particular direction, roughly 

aligned with the constellation 

Centaurus. � e phenomenon 

was so unexpected that he 

conducted an expanded 

survey, looking at more and 

brighter galaxy clusters.

� e results, released last 

March, not only con� rm 

the dark � ow but extend its 

known reach. “� is motion 

persists as far as we can 

see,” Kashlinsky says.

Nothing in the known 

universe can account for the 

dark � ow phenomenon. So 

Kashlinsky thinks the galaxies 

are responding to the pull 

of matter and energy lying 

beyond our cosmic horizon. 

� at unseen stu�  could be 

at least a thousand times 

farther out than the horizon 

and cause “a slight tilt to our 

universe,” he theorizes.

Kashlinsky plans to use 

the European Space Agency’s 

new Planck spacecraft to 

make re� ned measurements 

of the dark � ow to better 

understand what is causing it. 

 andrew moseman

77Wired Bees Do

Field Research
This orchid bee was one of 16 outfitted with a radio 
transmitter backpack as part of a study of the insects’ flight 
habits by ecologists at the Smithsonian Tropical Research 
Institute in Panama. “We can ask animals how they see 
their surroundings by observing their movement,” says lead 
researcher Martin Wikelski. Teams on the ground tracked 
the pollinators while a helicopter crew provided additional 
monitoring. The results, published in May, indicate that indi-
vidual bees typically cover a home area of about 100 acres, 
but some set off on long-distance flights. One intrepid bee 
took a three-mile jaunt across the Panama Canal, where it 
spent a few days before returning home.  VICTORIA TANG
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79Strange Days on Saturn’s Moons

“Frozen” does not mean “static,” at least not among 
the icy moons orbiting Saturn. A remarkable 2010 
image from NASA’s Cassini probe—now in its seventh 
year orbiting the ringed planet—shows just how 
dynamic these frigid worlds really are. 

Thomas Romer and Gordan Ugarkovic, graphic 
designers who specialize in astronomical images, 
produced this portrait by merging two Cassini 
shots taken minutes apart as the probe whizzed 
past Enceladus on May 18. Titan, Saturn’s largest 
moon, dominates the view. Its thick, opaque orange 

atmosphere rains liquid methane, which flows into 
lakes on the surface. The foreground action here 
comes from another Saturnian moon, 310-mile-wide 
Enceladus, which emits huge jets of icy particles, 
here dramatically backlit by the sun. The material 
in these plumes may originate in an underground 
ocean before being forced to the —300 degree 
Fahrenheit surface and spewed out through cracks 
at the moon’s south pole. That spooky line cutting 
across the scene is an edge-on view of Saturn’s rings. 
 ANDREW GRANT N
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NEUROSCIENCE

80 Magnets 
Can Change 
Your Moral 
Values

think you have clear standards 

of right and wrong written into 

your brain? � ink again. In April 

neuroscientist Liane Young and her 

colleagues at MIT and Harvard Uni-

versity reported that they had altered 

people’s moral judgments using 

transcranial magnetic stimulation, 

a procedure that brie� y disrupts 

neural processing with a magnetic 

 eld induced by electric current.

Young asked each of 20 volunteers 

to judge 24 scenarios that involved 

morally questionable behavior. (One 

example: Grace slips her friend what 

she thinks is poison but is actually 

sugar. � e friend is una� ected. How 

immoral is Grace’s action?) � en she 

stimulated the subjects’ brains at 

an area near the right ear called the 

temporoparietal junction, a region 

theorized to play a role in our ability 

to  gure out others’ intentions, and 

repeated the tests. 

Before and after, the subjects 

rated the scenarios on a seven-

point scale, ranging from morally 

forbidden to morally permissible. 

After stimulation, her subjects were 

consistently more likely to rank the 

actions of the characters as being 

closer to permissible; their answers 

averaged one step higher on the scale. 

Young’s interpretation is that when 

subjects were zapped, they were 

more likely to focus on the outcome 

(nobody died) than on the intent 

(Grace tried to poison her friend).

Manipulating morality with 

a magnet may sound diabolical, 

but Young has no interest in mind 

control. Her goal, she explains, is to 

learn more about why intentions 

matter to us when we make moral 

judgments. daniel lametti
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81 Melting 
Ice Exposes 
the Past
As ice patches melt around the 
world, archaeologists are finding 
remarkably preserved artifacts 
emerging from millennia of deep 
freeze. Last April, Craig Lee of the 
University of Colorado at Boulder 
announced the oldest discovery yet: 
the foreshaft of a 10,400-year-old 
wooden dart, recovered from melt-
ing ice near Yellowstone National 
Park. The slender birch object still 
shows the marks left by its maker’s 
stone tools. Artifacts made of 
organic materials like wood—much 
less likely than stone to survive the 
millennia—give us “another window 
to the past,” Lee notes.

Over the past decade, “ice-patch 
archaeologists” have scoured the 
earth’s northernmost latitudes. Lee 
looked farther south in the Rocky 
Mountains, hunting in shady valleys 
and along north-facing mountain 
slopes. His success was a matter 
of timing as much as strategy: 
Organic artifacts begin to decay 
the moment the ice melts back. 
When Lee found the wooden dart, 
it was “lying under the clear blue 
sky, exposed,” he says. EMILY ELERT

TECHNOLOGY

82 Scientists 
Tap Wisdom of 
Crowds
When University of Washington biochem-

ist David Baker needed help predicting 

the structure of proteins, he did not turn 

to his colleagues. Rather, he decided to 

let the whole world participate. 

Increasingly, scientists are relying 

on such “crowdsourcing”—calling on 

ordinary citizens to volunteer their help 

in addressing complicated problems. In 

Baker’s case, he helped develop Foldit, 

a computer game that challenges play-

ers to wiggle and shake protein chains 

into stable structures. In August a paper 

in Nature revealed that Foldit players, 

most of whom had little or no biochem-

istry education, surpassed or matched 

the performance of a sophisticated pro-

tein-folding algorithm on 8 of 10 puzzles. 

“People are better at analyzing the whole 

situation,” Baker says. “Computers just 

approach problems randomly.”

Volunteers for the Galaxy Zoo project 

have classified a million images from 

the Sloan Digital Sky Survey, leading 

to about 20 scientific publications and 

one genuine enigma: a peculiar green 

intergalactic blob. Other crowdsourced 

projects include labeling aerial photos 

of Mongolia in a quest to find Genghis 

Khan’s tomb and improving climate mod-

els by poring over World War I ship logs 

for weather information. 

Government agencies are getting in on 

the action too, listing projects on a new 

Web site, challenge.gov, and offering 

prizes. In July a retired engineer from New 

Hampshire won $30,000 from NASA for 

a model that forecast solar activity with 

75 percent accuracy. “There’s a huge 

appetite from people who aren’t scien-

tists to actually get involved in science,” 

says Galaxy Zoo principal investigator 

Chris Lintott.  DARLENE CAVALIER

British Navy 
ship logs from 
World War I 
are allowing 
citizen scien-
tists to help 
hone climate 
models.

COSMOLOGY

83 Biggest Star of All
last year british astronomers identified the most 

massive star ever seen: a behemoth weighing 265 times as 

much as our sun, so huge that it challenges astronomers’ 

models of how stars are born. � ose models suggested 

that stars max out at 150 solar masses; anything more was 

thought to be too unstable to coalesce. But Paul Crowther of 

the University of She�  eld, examining images from the Very 

Large Telescope in Chile and the Hubble Space Telescope, 

identi� ed four young stars exceeding that mass in R136, a 

stellar cluster 165,000 light-years away. � e new heavy-

weight, dubbed R136a1, shines as bright as 10 million suns.

Normal stars form when clumps of gas and dust collapse 

due to gravity, but Crowther says this is inadequate to 

explain R136a1. Possibly it beefed up by colliding and merging 

with other young stars in the cluster. As for the fate of these 

huge stars, he adds, “� ey could explode as spectacular 

supernovas and leave no remnants behind.” stephen ornes F
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TECHNOLOGY

84 Yardstick 
for Killer Waves
when a magnitude 8.8 earth-

quake ravaged Chile in February, 

the Paci� c Tsunami Warning Center 

in Hawaii put most of the Paci� c 

Rim on alert. With no way to know 

how big the resulting ocean wave 

might become, the center’s geophys-

icists had no choice but to prepare 

for the worst. 

Aiming to do better, Tony Song of 

nasa devised a much more precise 

tsunami prediction system based 

on gps readings; he tested it suc-

cessfully for the � rst time this past 

year. Song’s technique predicts the 

exact scale of a tsunami by tracking 

ground motions to estimate how 

much water has been displaced 

on the ocean � oor—and, by exten-

sion, how much energy is feeding 

the wave.

When the Chile earthquake 

struck, Song’s system showed that 

an underwater fault had slipped 

almost 10 feet, potentially enough 

to produce a tsunami several yards 

high. But then Song crunched the 

numbers and saw that the tsunami 

scored only a moderate 4.8 on his 10-

point intensity scale, so he correctly 

predicted that it would not spread 

far beyond Chile. 

Soon nations around the world, 

including India, Italy, Portugal, 

and Taiwan, began calling Song to 

inquire about his prediction system. 

He envisions eventually deploying 

one gps receiver for every 12 miles 

of coastline to track the strength of 

developing tsunamis. “gps adds a 

new dimension, a more complete 

picture that is very fast,” Song says. 

“We will tell not just what the tsu-

nami is, but what it will be.”   

 richard morgan

85Robot Skin Can 

Feel Your Touch
Artificial organs keep us alive, artificial arms build our cars—and soon arti-
ficial skin may allow robots or prosthetics to respond to our every touch. 

This past year, two independent groups made notable advances in that 
direction. At the University of California, Berkeley, electrical engineer Ali 
Javey and his team attached a grid of nanowire transistors to a polyimide 
film placed atop a layer of rubber. The resulting electronic skin recog-
nizes pokes and prods as changes in electric resistance. Meanwhile, at 
Stanford University, materials scientist Zhenan Bao and collaborators 
cut pyramid-shaped holes in an elastic polymer to produce variations in 
capacitance, the ability to hold an electric charge. In tests, the material 
could “feel” objects as light as a butterfly.

Beyond robots and artificial limbs, synthetic skin might be used some-
day in extremely responsive touch screens or in car devices that alert drivers 
if their hands slip off the wheel. “It would be nice if the machines we interact 
with could interact with human beings intelligently,” Bao says. VICTORIA TANG
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Male bowerbirds, like the 
males of so many species, 
lure mates with displays of 
wealth. The male collects 
up to 5,000 stones, bones, 
shells, and man-made objects 
to build an elaborate court 
where he awaits potential 
partners. And also like so 
many other males, bowerbirds 
exaggerate what they’ve got. 

Last September John 
Endler, an evolutionary 
ecologist at Deakin University 
in Australia, reported that 
bowerbirds seem to use their 
trinkets to create a carefully 
plotted optical illusion. The 
birds arrange objects by size 
from largest to smallest along 
an avenue leading to the court. 
This may make the court seem 
smaller—and the male larger—to 
females looking up the avenue. 
Using this trick, called forced 
perspective, males may woo 
passing females with their 
deceptively large stature. 

When Endler rearranged 
the objects, the male quickly 
returned them to their original 
position. Endler is now making 
videos of bowerbird flirtations 
to see if a greater gradient 
results in increased mating 
success.  MICHAEL ABRAMS

87 A Superfast 
Magnetic Shift
Every 200,000 years or so, the 
earth’s poles trade places. Typically 
it takes several thousand years. But 
when geologists Scott Bogue of Occi-

dental College and Jonathan Glen of 
the U.S. Geological Survey examined 
15-million-year-old Nevada lava, they 
found evidence that the planet’s mag-
netic field shifted several thousand 
times faster than normal at least once.

When lava cools, it locks away a 
record of the earth’s magnetic field. 
Examining lavas that cooled in two 
consecutive years, Bogue and Glen 

found the field swung 53 degrees 
from east to north, about 1 degree a 
week. They thought they had erred, 
but more detailed tests confirmed 
the pattern, which they announced 
in September. The only other evi-
dence for rapid field change comes 
from Oregon lava analyzed in 1985.

Bogue thinks the quick shift took 
place near the end of a millennia-

long polarity reversal, when a slow 
magnetic drift accelerated dramati-
cally for reasons unexplained. “I 
suspect it’s a very herky-jerky, 
unsteady process,” he says.

Further study could help geolo-
gists understand the turbulent mo-
tion of the earth’s liquid core, which 
generates the magnetic field and 
may initiate its flips. MARA GRUNBAUM

86Bowerbirds Use 

Illusion to 

Seduce Mates
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ARCHAEOLOGY

89 Chinese 
Pompeii 
Unearthed
In 2003 Chinese archaeologists began 

excavating piles of tiles and bricks in 

Sanyangzhuang, a rural town located 

in the central plain of China. What they 

found exceeded their wildest expecta-

tions: an entire immaculately preserved 

village dating back more than 2,000 

years to the Han Dynasty. The site con-

sists of four walled houses—each the resi-

dence of an extended family—surrounded 

by wells, toilets, ponds, and trees.

In July, archaeologist Tristram Kidder 

of Washington University in St. Louis 

and his Chinese colleagues discov-

ered evidence of even older agricultural 

fields beneath the excavated houses 

and a larger buried town about two 

miles away. “If these are preserved in 

the same way the houses are, it would 

really turn out to be a staggering devel-

opment,” Kidder says.

The 2003 find was buried intact 

by 28 inches of flood sediments, 

which formed a protective layer over 

the village. Kidder thinks a massive 

late-summer flood of the Yellow River 

hit so quickly that people left behind 

everything, from large grinding stones 

to tiny coins. In addition, impressions of 

mulberry leaves, considered a sign of 

silkworm production, were found, indi-

cating that Sanyangzhuang was one of 

the places where the Silk Road began. 

 BO ZHANG

TECHNOLOGY

90 Slick Materials 
Could Lead to
Super Electronics
score another point for the physicists 

who have been working to make our electronic 

devices continually smaller and faster. � e wires 

inside such devices are now so thin that electrons 

sometimes have trouble passing through them: 

A microscopic bump can seem like Mount Everest 

in a copper strand one-thousandth the thickness 

of a human hair. 

But last year a group of researchers at Prince-

ton University revealed materials whose surfaces 

allow electrons to move unimpeded past pesky 

obstacles. � ese intriguing materials, called topo-

logical insulators, do not allow electrons to pass 

through (hence the “insulator” part of their name), 

but their surfaces have proved to be outstanding 

at shuttling electrons along. 

In a study whose results were published in 

Nature last July, physicist Ali Yazdani used a 

powerful microscope to track electrons as they 

encountered stairlike barriers on the surface of 

antimony, a material that shares several charac-

teristics with topological insulators such as bis-

muth telluride. In a typical copper wire, most elec-

trons would bounce back from such an obstruc-

tion and the rest would get absorbed, impeding 

the 	 ow. “With copper, surface imperfections slow 

things down and create unwanted heat,” Yazdani 

explains. With antimony, however, nearly half the 

electrons passed right across the barrier. Yazdani 

thinks that topological insulators might start to 

replace copper in next-generation electronics.

 andrew grant

PSYCHOLOGY

88 Same-
Sex Parents 
Do No Harm
ever since u.s. sperm banks began to

accept lesbian clients in the mid-1980s, 

critics have argued that same-sex parent-

ing could damage children’s psychological 

well-being. In June a 25-year, ongoing study 

published in the journal Pediatrics came to a 

very di� erent conclusion, � nding that chil-

dren of lesbian mothers experience healthy 

social, emotional, and psychological devel-

opment. � e study, led by University of Cali-

fornia, San Francisco psychiatrist Nanette 

Gartrell, included 78 kids conceived through 

donor insemination and raised by lesbian 

mothers. Beginning in 1986 Gartrell inter-

viewed women in San Francisco, Boston, 

and Washington, D.C., during pregnancy and 

again when their children turned 2, 5, 10, 

and 17; she also used clinical question naires 

to de� ne behavior. At 17 those children 

scored higher, on average, than their peers in 

social and academic competence and lower 

in aggressive behavior and social problems.

� e results have appeared in legal briefs, 

documentaries, and research papers. “� e 

study is continually brought up to counter-

act non-science-based allegations against 

same-sex marriage or adoption,” Gartrell 

says. She admits that there is more research 

to be done, however. By including only 

mothers who sought donor insemination 

before it was largely accepted, the study 

does not re	 ect the diversity of female 

couples raising children today.  amy barth
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characters meaning “long 
life,” found intact.
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Each day, com-
mercial aviation 
around the world 
dumps a half-mil-
lion tons of carbon 
dioxide into the 
air. In Switzer-
land, however, 
one plane points 
the way toward 
cleaner skies.

On July 7 at 
6:51 a.m., the sun-

powered Solar Im-

pulse took off from 
a Swiss airfield 
and did not touch 
down for more than 
a day. Unmanned 
solar planes have 
been around since 
the 1980s, but 
the Impulse flew 
overnight while 
carrying a pilot, 
project cofounder 

André Borschberg. 
This aviation first 
was made possible 
by nearly 12,000 
photovoltaic cells 
on the plane’s tail 
and 210-foot-long 
wings, which sent 
extra energy to 
batteries during the 
day to power its 
four propellers all 
night. Borschberg 

flew more than 
26 hours without 
using any fuel. 

Solar planes are 
not quite ready to 
displace jetliners, 
though. The Impulse 
averaged 24 miles 
per hour during the 
flight—about the 
same speed as the 
fastest human can 
run. DANIEL LAMETTI

 92 Sharks Use 
Math to Hunt

“The ocean seems like a feature-
less place,” says David Sims of the 
Marine Biological Association of 
the United Kingdom. “How does a 
shark find prey when it doesn’t 
really know where it is when it 
moves around?” In June he reported 
the answer: The animal forages 
along a complex mathematical 
pattern called a Lévy flight, a type 

of fractal. Moreover, a shark’s move-
ments more closely conform to that 
pattern when food is scarce, sug-
gesting that these routes optimize 
the likelihood of finding a meal.

Sims and his colleagues tagged 
55 marine animals from 14 species 
and tracked them for a total of 
5,700 days. They observed that 
the animals’ movements traced out 

Lévy flights, tight bundles of random 
motion punctuated by longer leaps. 
Those patterns are self-similar; 
that is, they look the same “in an 
area the size of a football field or 
the size of an ocean,” Sims says. 

Lévy flights may be a common 
foraging pattern that evolved in 
many species, on land and in the 
sea, Sims suspects. STEPHEN ORNES

91Sun Plane Takes 24-Hour Flight

S
O

L
A

R
 I

M
P

U
L

S
E

/
S

T
E

P
H

A
N

E
 G

R
O

S

TECHNOLOGY

MATH

78

DISCOVER

DV0111SEC4_P78,81A_QG.indd   78 11/8/10   7:22 PM

worldmagsworldmags

worldmags



ADVERTISEMENT

There is one aspect of life that unites, controls, 
and affects all people. That one aspect of life is the 
collection of natural laws. They unite, control, 
and affect human life no matter what people’s race, 
gender, or creed or where on this planet they live. 
Consider that whoever or whatever created the laws 
of physics also created another law to unite, control, 
and affect people’s relationships with one another.
The problem being addressed here relates to the fact that people unknowingly unite against one another 

and seek a kind of control that affects not only their health and well-being but culminates in death.

If you are a new reader of this subject matter, be 
prepared for a pleasant shock.

Whoever or whatever is the creator revealed 
nature’s law of right action to the mind of Richard 
W. Wetherill in 1929. The law calls for people to be 
rational and honest not only regarding the laws of 
physics but also to be rational and honest in their 
thinking and behavior toward one another.

After decades of rejection, the behavioral law is as 
viable and effective as when created, whereas people’s 
behavior, in general, has been becoming more and 
more blatantly irrational and dishonest.

Despite the fact that compliance to every law of 
physics requires its specific right action to succeed, 
people’s behavior toward one another, whether noble or 
ignoble, was deemed to be a matter of personal choice.

Wetherill used words to describe the elements of 
nature’s law of behavior such as rational, logical, hon-
est, appropriate, moral, and true to the facts, and he 
also cautioned that the law, itself, is the final arbiter 
of what is right behavior. The formula states: Right 
action gets right results whether it relates to laws of 
physics or the law of behavior, whereas wrong results 
in either case indicate failure properly to comply.

There is one requirement of the behavioral law 
that people need to give careful attention. Rational 
and honest responses in their relationships with one 
another must be made specifically to satisfy the law 
and not to satisfy their particular expectations.

Ordinarily people conduct their relationships to sat-
isfy their purposes, none of which qualify according 
to natural law. Such behavior, however, does explain 

why the earth’s population is not being peacefully 
united, controlled, nor favorably affected.

Do people intentionally refuse to accommodate the 
requirements of gravity for instance? No, they do their 
best to keep their balance or recover it when needed.

Behavioral responses require that same attitude. 
Do not act for personal reasons; act because a self-
enforcing natural law requires people’s obedience.

Those who are familiar with the accounts of cre-
ation in scriptures will realize that the first wrong act 
of the created beings was to disobey. That wrong be-
havior ended the perfect situation that had existed, and 
it brought about the predicted wrong results.

Whether those accounts are actual or symbolic, 
they illustrate the problem.

For ages whoever or whatever is the creator 
allowed people to control their behavior and suffer 
the resulting troublesome problems but also created 
a natural law of behavior that when identified and 
obeyed unites people, allowing them to enjoy the 
benefits that then control and affect their lives.

Visit our colorful Website www.alphapub.com where 
several natural-law essays and seven books describe 
the changes called for by whoever or whatever creat-
ed nature’s behavioral law. The material can be read, 
downloaded, and/or printed FREE.
This public-service message is from a self-financed, 
nonprofit group of former students of Mr. Wetherill. 
Please help by directing others to our Website. For 
more information write to: The Alpha Publishing 
House, PO Box 255, Royersford, PA 19468.

Richard W. Wetherill
1906-1989
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ENVIRONMENT

93 A Green 
City Rises in 
the Desert
in september residents began 

moving into Masdar City, a 2.7-square-

mile experiment in ultragreen living 

taking shape in the desert outside Abu 

Dhabi. 	 e $20 billion city aims to be 

the world’s most sustainable: a com-

munity of 40,000 residents and 50,000 

commuters that is completely carbon-

neutral. Masdar has already lost some 

sparkle, though. Designers scrapped 

plans to produce the city’s renewable-

only energy supply on-site. A � eet of 

self-driving cars zooming through 

underground tunnels is planned, but 

for now there will just be street-level 

electric vehicles. Still, the city will 

serve as a test lab for technologies that 

could be deployed less dramatically, 

but more meaningfully, in conven-

tional cities. mara grunbaum

95 Rubik’s 
Cube Decoded
Since its invention, Rubik’s Cube 
has taunted mathematicians 
trying to figure the maximum 
number of moves necessary
to solve it from any of its 

43,252,003,274,489,856,000 
possible starting positions. 
Someone dubbed the effort 
a search for “God’s number,” 
ignoring the theological consen-
sus that Einstein’s maxim “God 
does not play dice” is likely to 
apply to yo-yos, Slinkies, Rubik’s 
Cubes, and the whole range of 
handheld human amusements.

Whatever you call it, the 
search has ended. In 2010 a 

team of whizzes laid bare the 
uplifting truth: As hopelessly 
scrambled as one’s cube may ap-
pear, one is never more than 20 
moves from rendering each of its 
six faces a solid color. “We were 
secretly hoping in our tests that 
there would be one that required 
21,” team member Morley David-
son, a mathematician at Kent 
State University, told the BBC. 
But it was not to be. BRUNO MADDOX

ENVIRONMENT

94 Natural 
Cycle Melts 
Alpine Glaciers
The earth’s mountain ice is not disap-

pearing from human activity alone, 

according to Swiss glaciologists. 

Natural shifts in ocean currents could 

account for about half the melting of 

Alpine glaciers in this decade, Matthias 

Huss and colleagues at the University 

of Fribourg reported in June.

Huss gathered more than 100 years 

of field measurements, aerial photo-

graphs, and local weather logs pertain-

ing to 30 large Swiss glaciers to build 

computer models of each, identifying 

fast melt in the 1940s and in the past 

couple of decades. This cycle coincides 

with the natural rise and fall of sea sur-

face temperatures in the North Atlantic, 

which fluctuate roughly 0.2 degree Cel-

sius every 60 years as warm currents 

shift. However, at least half the decline 

in Alpine ice during the past 150 years 

is “certainly due to human-induced cli-

mate change,” he says. 

Huss plans to clarify the future of the 

earth’s land ice by extending his model. 

“The big question,” he says, “is how to 

apply this to other glaciers and make it 

relevant on a global scale.”

The uncertainty about global ice 

retreat fueled controversy in 2010 

when the Intergovernmental Panel on 

Climate Change acknowledged a blun-

der: The group’s 2007 claim that Hima-

layan glaciers could melt away by 2035 

was, they admitted, poorly sourced.  

 EMILY ELERT

The dark, 
rocky surfaces 
on Trifthorn 
Mountain in 
the Swiss Alps 
attest to 
considerable 
glacier retreat.
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NEUROSCIENCE

97 Science 
Explains Why 
Breaking Up Is 
Hard to Do
helen fisher, a biological 

anthropologist at Rutgers Uni-

versity in New Brunswick, New 

Jersey, knows all about love. She has 

observed the brain regions associ-

ated with romantic love light up as a 

man gazes at his inamorata, both in 

new relationships and in decades-

long marriages. Fisher seems to 

have become a bit jaded by years 

of Hallmark moments, however. 

“Who cares about people who are 

happily in love?” she wants to know. 

“It’s when you’ve been rejected that 

you turn into a menace.” So she has 

started exploring the science of 

heartbreak instead.

In a study published in May, Fisher 

and her colleagues asked 15 people 

who had recently been dumped but 

were still in love to consider two 

pictures—one of the former partner 

and one of a neutral acquaintance—

while an MRI scanner measured their 

brain activity. When looking at their 

exes, the spurned lovers showed 

activity in parts of the brain’s reward 

system, just as happy lovers do. But 

the neural pathways associated 

with cravings and addictions were 

activated too, as was a brain region 

associated with the distress that 

accompanies physical pain. 

Rejected lovers also showed 

increased neural response in regions 

involved in assessing behavior and 

controlling emotions. “
 ese people 

were working on the problem, 

thinking, what did I do, what should 

I do next, what did I learn from 

this,” Fisher says. And the longer 

ago the breakup was, the weaker the 

activity in the attachment-linked 

region. In other words: Love hurts, 

but time heals. valerie ross

96Male Pipefish Pick 
Their Litters

their mates.
At Texas A&M, 

researcher Kimberly 
Paczolt mated Gulf 
pipefish in multiple 
trials. Previous stud-

ies had shown that the 
males, which breed 
with a single female at 
a time, show a prefer-
ence for larger part-
ners. Paczolt found 
that offspring of these 
attractive females 
had higher survival 
rates than those of 
their less comely kin. 
She suspects the 
males employ “cryptic 
choice,” a strategy of 
selecting a mother for 
their babies after mat-
ing has occurred. The 

father pipefish might 
do this by transfer-
ring more nutrients 
to broods mothered 
by attractive females 
and allowing less 
desirable broods to 
languish. “If it’s just 
the only female he’s 
been able to find and 
she isn’t particu-
larly attractive, it may 
trigger a signal that 
says, ‘Hold off—I think 
I can do better in the 
future,’ ” Paczolt says.
 EMILY ELERT

Male sea horses have 
been lauded as the 
gallant “Mr. Moms” of 
the animal world, and 
pipefish, their close 
relatives, are devoted 
fathers too. The fe-
male pipefish injects 
eggs into the male, 
which then bears live 
young. But research 
published in March 
suggests these model 
dads are not being 
selfless: Pipefish treat 
their offspring well 
only if they really like 
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99 Sex 
Secrets of 
the Bi-Gender 
Chicken

One in every 10,000 chickens is 
born gynandromorphic: half male 
and half female. Legend has it that 
such birds were once tried as the 
“spirit-partners” of witches. Now 
developmental biologist Michael 
Clinton has an explanation that is 
a bit more scientific, if nearly as 
bizarre. “We expected to find that 
the birds had abnormal cells,” says 

Clinton, who works at the Roslin 
Institute in Edinburgh, Scotland. 
Instead he found healthy male and 
female cells. These cells keep their 
identity even when injected into an 
embryo of the opposite sex, indi-
cating that their gender is innate.

The discovery that each cell in 
a chicken can be inherently male 
or female is a huge departure from 

biological dogma, which holds that 
hormones control sex characteristics 
in vertebrates. Gender-imprinted 
cells may exist in us, too. “Male 
and female cells might respond 
slightly differently to hormonal 
signals, which may partially explain 
differences in male and female 
behavior and susceptibility to some 
diseases,” Clinton says.   SETH NEWMAN

98Roaming Rocks of Death Valley

Large boulders like this one wander across the flat clay surface of 
Racetrack Playa, a dry lake bed in Death Valley National Park in Cali-
fornia, leaving long furrows but no hint of what propelled them. Last 
summer, NASA’s Cynthia Cheung may have discovered their secret: The 
rocks, some weighing several hundred pounds, probably glide on col-
lars of ice that form around their base. When rain or snowmelt wets the 
valley, the collars act as flotation devices, Cheung says. The boulders 
then slide so easily that high winds can send them scooting, improb-
ably and beautifully, across the slick surface.   WILL HUNT
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This is my story
I used to be more active. I used to run, play
basketball, tennis, football… I was more than a
weekend warrior. I woke up every day filled
with life! But now, in my late 30’s, I spend most
of my day in the office or sacked out in front of
the TV. I rarely get to the gym –not that I 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 grown a spare
tire (I’m sure it’s hurting my love life).
Nowadays I 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. He 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! 

Excitement swept through my
body like a drug
I received my package from GravityDefyer.com
and rushed to tear it open like a kid at
Christmas. Inside I found the most amazing
shoes I had ever seen –different than most
running shoes. Sturdy construction. Cool colors.
Nice lines… 
I was holding a miracle of technology. 
This was the real thing. 

GDefy Benefits

•  Relieve pain

•  Ease joint & spinal pressure

•  Reduce fatigue & tiredness

•  Be more active

•  Have more energy

•  Appear taller

•  Jump higher, walk and 
run faster

•  Have instant comfort

•  Cool your feet & reduce 
foot odor

•  Elevate your performance

I put them on and all I could say was,“WOW!”
In minutes I was out the door. I 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 was all
correct. No more
knee pain. I started to lose weight. At last, I was
pain free and filled with energy! I was back in
the game. Gravity had no power over me!

Nothing to
lose: 30 Day
Free Trial*
So, my friend, get back
on your feet like I did.
Try Gravity Defyer for
yourself. 
You have nothing 
to lose but your pain.

Tell us your story! 
Login at Gravitydefyer.com
and share your
experience. 

Scientifically Engineered to Defy Pain, Defy Aging & Defy FatigueScientifically Engineered to Defy Pain, Defy Aging & Defy Fatigue

Exercise

20% longer 

w/ no

fatigue 

4 out of 5 

purchase

another

pair

within 3

months.

Exercise

20% longer 

w/ no

fatigue Ankle &

foot pain

gone 

Ankle &

foot pain

gone 

4 out of 5 

purchase

another

pair

within 3

months.

Gravity Defyer
Customer Survey Results

EXCLUSIVE ONLINE OFFER

Visit ShoesOnSteroids.com/MB2MBB8
or take advantage of this exclusive offer by
phone, and dial (800) 429-0039 and 
mention the promotional code below.

FREE 30 DAY RISK-FREE trial*. Not available in stores.

*Pay only $15 shipping and handling – non-refundable.

MEN (Shown above)
TB902MWBS
sizes 7 - 13
Med/Wide and 
ExtraWide/ XXWide Widths

WOMEN (Silver with Navy)
TB902FWBS
sizes 5 - 11
Med/Wide and
ExtraWide/XXWide Widths

Promotional Code: 

Customer Satisfaction

Speaks for Itself!

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

a $129.95 value

Most 

comfortable

shoe ever

owned

Most 

comfortable

shoe ever

owned

REBOUND PROPELS
YOU FORWARD
Reduce fatigue. Be more active

ABSORB SHOCK
Eliminate pain from every step.

# %∀
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Portrait of a 

Violent Star 

This ultraviolet image of the sun was 
captured by the NASA Solar Dynamics 
Observatory (SDO), launched last Febru-
ary to monitor Earth’s temperamental 
star with unprecedented precision. The 
purplish aura reveals high-arcing loops 
of 3.6-million-degree plasma that link 
sunspots and other magnetic areas on the 
surface; white lines illustrate computer 
calculations of how the magnetic areas 
connect. Occasionally eruptions on the 
sun are so powerful that they can cripple 
Earth’s electrical grids and global posi-
tioning satellites. SDO’s observations will 
help scientists understand the mechanism 
behind these outbursts—research that is 
particularly important as the sun awakens 
from its longest slumber in a century (see 
“Plasma Rivers Explain the Quiet Sun,” 
page 55).   ANDREW GRANT
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From a lush Australian coastline to an ancient 

seabed in Kansas, the research behind the 

year’s top 100 stories extends far and wide. 

But why let the scientists have all the fun? 

Here we present a selection of places where 

enterprising travelers can experience some of 

the discoveries for themselves.

#38 Guatemala City’s Sinkhole 

To witness the phenomenon of sinkholes, 

you need go no farther than Florida; 

abundant shallow limestone deposits and 

a wet climate make the state one of the 

most sinkhole-ridden places in the world. 

At Devil’s Millhopper Geological State Park, 

travel back in time while descending 120 

feet into a bowl-shaped sinkhole. Hike to 

Cherokee Sink, a water-� lled sinkhole at 

Edward Ball Wakulla Springs State Park. 

Or scuba dive into Leon Sinks Geologi-

cal Area and explore more than 30 miles 

of subaquatic caves. nearest airport: 

Jacksonville or Tallahassee will hunt

#50 Giant Prehistoric 
Filter Feeder 

 e 75-million-year-old remains of the 

massive Bonnerichthys are in the collec-

tion of the Sternberg Museum of Natural 

History in Hays, Kansas.  e jumbled 

bones, still nestled in sediment, include 

the � sh’s ribs, � ns, and skull.  e fossil 

is currently accessible to the public only 

upon request, but the museum’s curators 

hope to have it on display by early 2011. 

 e museum also features other creatures 

that shared the oceans with this � lter 

feeder. nearest airport: Wichita 

 victoria tang

#52 The Large Hadron Collider
While the Large Hadron Collider is at work 

smashing protons to help physicists under-

stand dark matter and other mysteries of the 

universe, you can visit cern, the organiza-

tion masterminding the operation.  e 

$10 billion collider itself is o� -limits, housed 

some 300 feet below the Swiss-French 

border in a 17-mile-long tunnel, but a free 

half-day tour includes a � lm, a short lecture, 

and a visit to an aboveground accelerator. 

nearest airport: Geneva  w. h.

#53 Two-Thousand-Year-Old Pill
 e medical kit salvaged from an ancient 

Greek shipwreck is among many Mediter-

ranean treasures housed at the Archaeologi-

cal Museum of the Territory of Populonia in 

Piombino, Italy.  e museum traces the 

coastal region’s history with exhibits of ancient 

ceramic vases; antique gold, silver, and bronze 

coins; and a sixth-century b.c. reconstruc-

tion of an Etruscan banquet hall. Piombino 

is a short train ride from Rome or Pisa, and 

a ferry will take you to beautiful Elba Island, 

where Napoleon lived out his exile. nearest 

airport: Pisa   mara grunbaum

#86 Great Australian Bowerbirds 

Examine the elaborate courts that bower-

birds build to seduce mates during a visit 

to Townsville on Australia’s northeastern 

coast. Just after July, the birds openly deco-

rate their courts with stones, bones, shells, 

and man-made objects found around town. 

Or drop by during the mating season, 

from September to December, to see the 

males wooing the ladies. With patience, 

discretion, and a bit of luck, you may even 

observe a female swoon at the sight of a 

su�  ciently grand bower. nearest air-

port: Townsville w. h.

#93 Masdar City 

Although Masdar City’s network of self-

driving vehicles is not yet up to speed, you 

can drive a conventional car to the green 

city’s entrance and stroll around the � rst 

completed section. A few retail stores and 

places to eat are open in Masdar’s public 

squares, but the real attraction is the archi-

tecture, which combines Middle Eastern 

traditions with modern sustainable design. 

Check out the building facades based on 

traditional privacy screens and wind towers 

that cool outdoor plazas. Stay in neighbor-

ing Abu Dhabi for museums, gardens, and 

white-sand beaches. nearest airport: 

Abu Dhabi m. g.

#94 Glacier Melt 

Check out these frozen giants up close in the 

glacier mecca of the United States: Alaska. 

At Glacier Bay National Park, behold vast 

tidewater glaciers from your kayak in the 

tranquil Muir Inlet. Or head to Kenai Fjords 

National Park, about 120 miles south of 

Anchorage, where a well-maintained trail 

takes you alongside the dramatic blue face of 

the Exit Glacier. nearest airport: Juneau 

for Glacier Bay; Anchorage for Kenai w. h.

#98 Rocks of Death Valley
To commune with the mysterious boulders 

of Death Valley National Park, which seem 

to move on their own, hop in a four-wheel 

drive and cruise over to Racetrack Playa, 

a dry lake bed about three miles long and 

two miles wide. On the north end is a rock 

formation called the Grandstand, where 

spectators can view the scooting rocks 

and furrows left in their wake.  e park 

has nine campgrounds for extended stays. 

nearest airport: Las Vegas v. t.
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Just a century ago, half the nation’s brainpower was largely 

excluded from the highest levels of science education. How times 

change: In 2009 	 ve of the 13 Nobel laureates (including winners in 

chemistry, medicine, economics, and literature) were women. � at 

same year women earned more than half of all doctoral degrees in 

the United States for the 	 rst time. Yet some old patterns persist. 

Women remain substantially underrepresented in many 	 elds, and 

many encounter discouraging attitudes at every stage from early 

education to the peak of their careers.

In partnership with L’Oréal usa, and joined by the American 

Association for the Advancement of Science (aaas), discover 

convened a panel in Washington, D.C., to explore ways to help 

the research community—and the nation—make the most of 

its female intellectual 	 repower. Participating in the conversa-

tion were Russlynn Ali, assistant secretary for civil rights at the 

Department of Education; Joan Steitz, a molecular biophysicist 

at Yale University who studies rna; Shirley Malcom, head of 

the directorate for education and human resources at aaas; and 

Sara Seager, a planetary scientist and physicist at mit who 

studies the atmospheres of planets beyond the solar system. 

U.S. Representative Eddie Bernice Johnson provided introduc-

tory comments. Sheril Kirshenbaum, who researches public 

understanding of science at the University of Texas and blogs for 

discover at “� e Intersection,” moderated.

GAP
B R I D G I N G

of women said that they knew of 

people who had left the sciences 

because they had trouble inte-

grating their life and their sci-

ence. I would like to probe how 

government, industry, academic, 

nonpro	 t, and other institutions 

can help us make better use of 

women’s talent.

ALI: So much progress has 

been made over the last three 

decades that folks tend to 

think we’re done with the work. 

But we have so far to go. For 

example, research from Bayer 

Corporation reveals that 18 

percent of female and minority 

chemists and chemical engi-

neers say professors discour-

aged them from pursuing a 

science career. � is is about 

changing belief systems: the 

way girls feel about themselves 

and their potential, and the 

way their educators do as well.

SEAGER: � is is the 21st 

century, this is America, and 

we still don’t have equality for 

women. � is is not just philoso-

phy; it matters for America’s 

future. When you want to have 

an educated voter population, 

Breaking down gender barriers will bring more energy and fresh perspectives 

into the world of science. Four leading lights discuss how to make it happen.

Photograph by Hector Emanuel

it’s not going to be there. At 

the graduate level at mit, a lot 

of my best students are from 

India, China, and Europe. We’re 

teaching them about technol-

ogy and how to be leaders 

in industry. Some will stay 

here, but others will take that 

training back to their home 

countries instead of putting it 

to work here. Meanwhile, we 

are constantly losing women 

students in the sciences. I want 

the women in the audience 

here to ask yourselves, are there 

times in your life when insecu-

rity limited you or inhibited you 

from doing something? � is 

lack of con	 dence actually gets 

ampli	 ed when there are not 

enough women around.

STEITZ: I was appointed to the 

Yale faculty in 1970. � ere was 

one other woman in my depart-

ment at that time. It was very 

lonely. Research shows that 

people who are constantly in 

the minority su� er from some-

thing called “identity threat,” 

which impairs their ability to 

contribute to the extent that 

they otherwise would. And I 

KIRSHENBAUM: What are the 

lingering challenges for women in 

science in 2010?

MALCOM: Gender still matters 

with regard to success in sci-

ence. In a survey of aaas mem-

bers, an overwhelming number 

T H E
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want to underscore that the 

things that government does can 

make a big di� erence. In the early 

1970s, U.S. Secretary of Labor 

George Shultz told universities 

that if they didn’t at least have 

plans for increasing the number 

of women on their faculties, they 

might lose their federal grants. 

Nobody lost their grants, but 

there was a big increase in the 

number of women as a result.

KIRSHENBAUM: More than half of 

women surveyed by L’Oréal and 

AAAS say they have experienced 

gender bias, and 77 percent 

encounter barriers to balancing life 

and career. How can we overcome 

these challenges?

MALCOM: � ese aren’t 

just issues for women. � ey 

are issues for families and 

institutions. When Elizabeth 

Blackburn and Carol Greider 

were being interviewed after 

winning the Nobel Prize, they 

talked about institutional 

arrangements that provided 

options for how the science 

could get done. noaa admin-

istrator Jane Lubchenco has 

talked about how she and her 

husband both worked less than 

full-time at some points during 

their careers. It is important to 

have those kinds of options and 

to share strategies about how 

those arrangements have been 

carried out by others.

SEAGER: At mit we have an 

annual women in engineering 

symposium. � e � rst question 

from the audience is always, 

“Do any of you have children?” 

Usually half or more of the 

panelists do. And then people 

start asking all these questions. 

Last year one woman almost 

started crying, because she had 

never seen a successful woman 

professor with children. Her 

professor had said: “You can’t 

have children. You’ll never suc-

ceed.” But those of us who have 

been through it have ideas that 

can help others make it work.

KIRSHENBAUM: Is there a role for 

Title IX, the U.S. law that forbids 

sex discrimination in federally 

funded education programs? Usu-

ally people talk about Title IX with 

regard to sports, but can it help 

create opportunities for women in 

science and engineering?

ALI: No recipient of federal 

funds can have any discrimina-

tory practice, intentional or not, 

that harms a particular gender. 

To determine whether institu-

tions are in compliance with the 

law, the O�  ce for Civil Rights 

looks at things such as whether 

women have equal access to 

advanced course work in high 

school as well as postsecond-

ary schooling and graduate 

work. When we determine that 

discrepancies between men and 

women result from discrimina-

tory practice, we vigorously 

enforce the law. We also rely on 

people on the ground to help 

make us aware of problems, 

which is vitally important in 

telling us how to target our 

investigatory resources.

KIRSHENBAUM: Where are the 

biggest discrepancies between men 

and women in science and technol-

ogy, and how can we tackle those?

STEITZ: A recent report from 

the National Research Council 

tracked what happens to 

women and men with Ph.D.s 

as they advance through their 

careers. At every point along 

the way, it’s more probable that 

men will move on to the next 

step. Where is that coming 

from? For one thing, when 

women apply to the nih for 

grants, their success rate is 

about equivalent to that of 

men, but they ask, on aver-

age, for 20 percent less money. 

Men also get more lab space, 

have better access to equip-

ment at their universities, and 

have more administrative help. 

On the bright side, if women 

have mentors when they write 

grants, there’s a big leap in their 

success rate.

SEAGER: Women should join 

a peer support group and � nd 

a mentor, because most of us 

lack access to the old boys’ 

network that’s naturally helping 

men most of the time. Whether 

those mentors are male or 

female is not as relevant. Find 

the people who can help you 

and give you advice at all levels. 

And be assertive, have con� -

dence, and look out for yourself. 

Many women tend to put other 

people � rst, but that doesn’t 

work in science. To succeed, 

when you have a great idea you 

need to carry it out.

AUDIENCE MEMBER: How can insti-

tutions make it easier for women to 

advance in their scientific careers 

and balance work with family life?

SEAGER: Don’t have talks that 

everyone is supposed to attend 

right at the end of the day.

MALCOM: O� er family leave 

for graduate and postdoctoral 

researchers. Set up child-care 

centers. It’s not just women 

who need this balance. � ese 

are the kinds of solutions that 

help people of both sexes to 

manage their dual roles. 

Empowering 
women (from left):

Sheril Kirshenbaum,
 Joan Steitz,
Sara Seager,

 Shirley Malcom, 
and Russlynn Ali.
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The 1930s brought unprecedented inno-
vation in machine-age technology and
materials. Industrial designers from the
auto industry translated the principles
of aerodynamics and streamlining into
everyday objects like radios and toasters.
It was also a decade when an unequaled
variety of watch cases and movements
came into being. In lieu of hands to tell
time, one such complication, called a
jumping mechanism, utilized numerals
on a disc viewed through a window.
With its striking resemblance to the
dashboard gauges and radio dials of the
decade, the jump hour watch was
indeed “in tune” with the times!  

The Stauer 1930s Dashtronic deftly
blends the modern functionality of a 21-
jewel automatic movement and 3-ATM
water resistance with the distinctive,
retro look of a jumping display (not an

actual jumping complication). The
stainless steel 1 1/2" case is complemented
with a black alligator-embossed leather
band. The band is 9 1/2" long and will fit
a 7–8 1/2" wrist.

Try the Stauer 1930s Dashtronic Watch
for 30 days and if you are not receiving
compliments, please return the watch

for a full refund of the purchase price. If
you have an appreciation for classic
design with precision accuracy, the
1930s Dashtronic Watch is built for you.
This watch is a limited edition, so please
act quickly. Our last two limited edition
watches are totally sold out!

Time travel at the speed of a 1935 Speedster?

14101 Southcross Drive W.,
Dept. DRW620-02
Burnsville, Minnesota 55337

Not Available in Stores
Stauer 1930s Dashtronic Watch $99 +S&Hor
3 easy credit card payments of $33 +S&H

Call now to take advantage of this limited offer.

1-800-859-1602
Promotional Code DRW620-02
Please mention this code when you call.

www.stauer.com

True to Machine Art esthetics, the sleek
brushed stainless steel case is clear on the
back, allowing a peek at the inner workings.

Truly Unique
Advertisement
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S A V E  U P  T O  $ 1 8 5 ! 
OFFER GOOD UNTIL FEBRUARY 11, 2011

1-800-832-2412
Fax: 703-378-3819

Special offer is available online at
www.THEGREATCOURSES.com/4dscy

Please send me The Historical Jesus, which 
consists of 24 30-minute lectures plus Course 
Guidebooks.

n DVD $69.95 (std. price $254.95) SAVE $185!
 plus $10 Shipping & Handling

n Audio CD $49.95 (std. price $179.95) SAVE $130!
 plus $10 Shipping & Handling

n Check or Money Order Enclosed

* Non-U.S. Orders: Additional shipping charges apply. 
     For more details, call us or visit the FAQ page on our website.

n  n n n 
Charge my credit card:

Priority Code 49593
A N                                                                  E. D

S

N ( )

M A

C/S/ZIP

P (If we have questions regarding your order— required for international orders)

n    FREE CATALOG. Please send me a free copy of 
your current catalog (no purchase necessary).

Special offer is available online at 
www.THEGREATCOURSES.com/4dscy

Offer Good Through: February 11, 2011

** Virginia residents please add 5% sales tax.
*** Indiana residents please add 7% sales tax.

Who was Jesus of Nazareth and 
what was he like? For millennia, 
people and groups of varying 

convictions have pondered this question and 
done their best to answer it. This course will 
explain what the best historical evidence 
seems to show.

Professor Bart D. Ehrman approaches 
the question from a purely historical per-
spective, with no intention of affirming or 
denying any particular theological beliefs. 
His primary source is the Gospels, read with 
care to determine what they reveal about 
Jesus and his life, and what we know about 
the evidence available to the writers of the 
Gospels and their intentions. He explores the 
available historical evidence about Jesus and 
about Judaism and apocalyptic movements 
in Jesus’ time. Professor Ehrman also reviews 
the evidence of noncanonical sources, such as 
the Gnostic Gospel of Thomas. 

Reconstructing the Life of Jesus
After surveying the political, social, and 

cultural history of 1st-century Palestine, you 
proceed to a scholarly reconstruction of 
Jesus’ words and deeds.

Why do the earliest sources at our dis-
posal, including the Gospel of Mark, portray 
Jesus as a Jewish apocalypticist, one who 
anticipated that God would soon overthrow 
the forces of evil and establish a kingdom 
here on Earth? 

How close is this portrayal to life? How 
are references to the coming of the “Son of 
Man” to be understood? And how do Jesus’ 
ethical teachings, activities, and final days fit 
into this analysis? 

About Your Professor
Dr. Bart D. Ehrman (Ph.D., Princeton 

Theological Seminary) is the James A. Gray 

About Our Sale Price Policy
Why is the sale price for this course so 

much lower than its standard price? Every 
course we make goes on sale at least once a 
year. Producing large quantities of only the 
sale courses keeps costs down and allows us 
to pass the savings on to you. This approach 
also enables us to fill your order immedi-
ately: 99% of all orders placed by 2 pm 
eastern time ship that same day. Order before 
February 11, 2011, to receive these savings.

What Can We Know About the 
Jesus of History? 

Discover The Historical Jesus, a 24-lecture Series in Your Choice of Audio or DVD Formats

The Last Supper, by Leonardo da Vinci, c. 1495–98

©
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.

4840 Westfi elds Blvd., Suite 500
Chantilly, VA 20151-2299

Professor and Chair of the Department of 
Religious Studies at The University of North 
Carolina at Chapel Hill. He has won sev-
eral teaching awards, including the Bowman 
and Gordon Gray Award for Excellence in 
Teaching. Professor Ehrman has written or 
edited 17 books, including the recent best-
seller Misquoting Jesus. 

About The Great Courses
We review hundreds of top-rated profes-

sors from America’s best colleges and uni-
versities each year. From this extraordinary 
group we choose only those rated highest by 
panels of our customers. Fewer than 10% of 
these world-class scholar-teachers are selected 
to make The Great Courses.

We’ve been doing this since 1990, pro-
ducing more than 3,000 hours of material 
in modern and ancient history, philosophy, 
literature, fine arts, the sciences, and math-
ematics for intelligent, engaged, adult life-
long learners. If a course is ever less than 

completely satisfying, you may exchange it 
for another, or we will refund your money 
promptly.

Lecture Titles
1. The Many Faces of Jesus
2. One Remarkable Life
3. Scholars Look at the Gospels
4. Fact and Fiction in the Gospels
5. The Birth of the Gospels
6. Some of the Other Gospels
7. The Coptic Gospel of Thomas
8. Other Sources 
9.  Historical Criteria—

Getting Back to Jesus 
10. More Historical Criteria
11. The Early Life of Jesus
12. Jesus in His Context
13. Jesus and Roman Rule
14. Jesus the Apocalyptic Prophet
15. The Apocalyptic Teachings of Jesus
16.  Other Teachings of Jesus in their 

Apocalyptic Context
17.  The Deeds of Jesus in their 

Apocalyptic Context
18. Still Other Words and Deeds of Jesus
19. The Controversies of Jesus
20. The Last Days of Jesus
21. The Last Hours of Jesus
22. The Death and Resurrection of Jesus
23. The Afterlife of Jesus
24. The Prophet of the New Millennium
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“...one of the most 
productive charities—

dollar for deed—in the world.”
—The New York Times

Donate online: www.smiletrain.org or call: 1-800-932-9541

Free cleft surgery which takes as little as 45
minutes and costs as little as $250, can give
desperate children not just a new smile—
but a new life.

Z11011086ZFVY33

According to the U.S. Government, women should take sufficient levels of folic acid (400 micrograms/day) during pregnancy to help prevent neural tube defects and reduce the risk for
cleft lip and palate. When folic acid is taken one month before conception and throughout the first trimester, it has been proven to reduce the risk for neural tube defects by 50 to 70
per cent. Be sure to receive proper prenatal care, quit smoking and drinking alcohol and follow your health care provider’s guidelines for foods to avoid during pregnancy. Foods to avoid
may include raw or undercooked seafood, beef, pork or poultry; delicatessen meats; fish that contain high levels of mercury; smoked seafood; fish exposed to industrial pollutants; raw
shellfish or eggs; soft cheeses; unpasteurized milk; pâté; caffeine; and unwashed vegetables. For more information, visit www.SmileTrain.org. Smile Train is a 501 (c)(3) nonprofit recognized
by the IRS, and all donations to Smile Train are tax-deductible in accordance with IRS regulations. © 2011 Smile Train.

ForgetSaving The World. 
How About Helping 
One Kid One Time
With One Donation? 

Discover 01-11:Layout 1  11/3/2010  5:08 PM  Page 1
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FACTORY DIRECT 
TO YOU!

How does Harbor Freight Tools sell 
high quality tools at such ridiculously 
low prices? We buy direct from the 
factories who also supply the major 
brands and sell direct to you. It’s just 
that simple!  Come see for yourself at 
one of our 330 STORES NATIONWIDE and 
use this 20% OFF Coupon on any of our 
7,000 products. We stock Automotive 
products, Shop Equipment, Hand Tools, 
Tarps, Compressors, Air & Power Tools, 
Material Handling, Woodworking Tools, 
Welders, Tool Boxes, Outdoor Equipment, 

Generators, and much more.

NOBODY BEATS OUR QUALITY,
SERVICE AND PRICE!

HARBOR FREIGHT TOOLS
Quality Tools at Ridiculously Low Prices

20%OFF ANY 
SINGLE 
ITEM!

HARBOR FREIGHT TOOLS - LIMIT 1  Use this coupon to save 20% on any one single item 
purchased when you shop at a Harbor Freight Tools store. Cannot be used with any other discount 
or coupon. Coupon not valid on any of the following: prior purchases, gift cards, Inside Track Club 
membership, extended service plans, Compressors, Generators, Tool  Cabinets, Welders, Floor 
Jacks, Campbell Hausfeld products, open box items, Parking Lot Sale items, Blowout Sale items, 
Day After Thanksgiving Sale items, Tent Sale items, 800 number orders, or online orders. Coupon 
cannot be bought, sold, or transferred. Original coupon must be presented in-store in order to 
receive the offer. Valid through 4/14/11.  Limit one coupon per customer and one coupon per day.

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

SUPER
 

COUPON!

 OSCILLATING 
MULTIFUNCTION

POWER TOOL 
LOT NO. 

 67256 

 $2999 
REG. PRICE 

$59 .99 

17 DIFFERENT ATTACHMENTS 
AVAILABLE IN OUR STORES!SANDING

CUT 
METAL

CUT 
DRYWALL

CUT 
PLASTIC

CUT 
FLOORING

PLUNGE 
CUTTING

SCRAPE 
CONCRETE

 $5999 
REG. PRICE $99 .99 

SUPER
 

COUPON!

Item 91039 shown

SAVE 
50%  

SAVE 
$130  

SAVE 
$60  

SAVE 
46%  

SAVE 
$60  

SUPER
 

COUPON!

SAVE 
66%  

SAVE 
$40  

SUPER
 

COUPON!

LOT NO. 
 91039/67408 

 3000 LB. CAPACITY 
LIGHTWEIGHT ALUMINUM 

RACING JACK 

EASY WAYS 
TO SHOP!
E
T3 3. CALL!

1-800-423-2567
2. GO TO!

www.HarborFreight.com
1. VISIT!

330 Stores Nationwide

Get More Coupons at HarborFreight.com

SUPER
 

COUPON!

 $9999 
REG. PRICE 

$229 .99 

LOT NO. 95659

 580 LB. CAPACITY 
FOUR DRAWER 
ROLLER CART 

 45 WATT  
SOLAR 

PANEL KIT 
LOT NO. 90599

 $14999 

SUPER
 

COUPON!

REG. 
PRICE 

$149.99

 $8999 
LOT NO.  98871 

 90 AMP FLUX 
WIRE WELDER 

NO GAS REQUIRED!

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN!!!!!!!!!!!!!!!!!!!!!!!!!!!

 $999 
REG. PRICE $29 .99 

 12 VOLT
MAGNETIC 

TOWING
LIGHT KIT 

Item 96933 
shown

LOT NO.
96933/67455

REG. 
PRICE 

$139 .99 

LOT NO.   98199  

 $7999 

 10" SLIDING COMPOUND 
MITER SAW 

SAW BLADE 
INCLUDED

 $799 REG. 
PRICE 

$14 .99 

 3 PIECE TITANIUM 
NITRIDE COATED 

M2 HIGH SPEED STEEL 
STEP DRILLS LOT NO. 

91616

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or 800 number).  
Cannot be used with any other discount or coupon. Coupon not valid on prior purchases. Coupon cannot 
be bought, sold, or transferred. Original coupon must be presented in-store, or with your order form, or 
entered online in order to receive 
the coupon discount. Valid through 
4/14/11.  Limit one coupon per 
customer and one coupon per day.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or 800 number).  
Cannot be used with any other discount or coupon. Coupon not valid on prior purchases. Coupon cannot 
be bought, sold, or transferred. Original coupon must be presented in-store, or with your order form, or 
entered online in order to receive 
the coupon discount. Valid through 
4/14/11.  Limit one coupon per 
customer and one coupon per day.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or 800 number).  
Cannot be used with any other discount or coupon. Coupon not valid on prior purchases. Coupon cannot 
be bought, sold, or transferred. Original coupon must be presented in-store, or with your order form, or 
entered online in order to receive 
the coupon discount. Valid through 
4/14/11.  Limit one coupon per 
customer and one coupon per day.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or 800 number).  
Cannot be used with any other discount or coupon. Coupon not valid on prior purchases. Coupon cannot 
be bought, sold, or transferred. Original coupon must be presented in-store, or with your order form, or 
entered online in order to receive 
the coupon discount. Valid through 
4/14/11.  Limit one coupon per 
customer and one coupon per day.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or 800 number).  
Cannot be used with any other discount or coupon. Coupon not valid on prior purchases. Coupon cannot 
be bought, sold, or transferred. Original coupon must be presented in-store, or with your order form, or 
entered online in order to receive 
the coupon discount. Valid through 
4/14/11.  Limit one coupon per 
customer and one coupon per day.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or 800 number).  
Cannot be used with any other discount or coupon. Coupon not valid on prior purchases. Coupon cannot 
be bought, sold, or transferred. Original coupon must be presented in-store, or with your order form, or 
entered online in order to receive 
the coupon discount. Valid through 
4/14/11.  Limit one coupon per 
customer and one coupon per day.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or 800 number).  
Cannot be used with any other discount or coupon. Coupon not valid on prior purchases. Coupon cannot 
be bought, sold, or transferred. Original coupon must be presented in-store, or with your order form, or 
entered online in order to receive 
the coupon discount. Valid through 
4/14/11.  Limit one coupon per 
customer and one coupon per day.

HARBOR FREIGHT TOOLS - LIMIT 1
This valuable coupon is good anywhere you shop Harbor Freight Tools (retail stores, online, or 800 number).  
Cannot be used with any other discount or coupon. Coupon not valid on prior purchases. Coupon cannot 
be bought, sold, or transferred. Original coupon must be presented in-store, or with your order form, or 
entered online in order to receive 
the coupon discount. Valid through 
4/14/11.  Limit one coupon per 
customer and one coupon per day.

SAVE 
$100  

REG. PRICE $249 .99 

√ Over 4.5 MILLION NEW CUSTOMERS 
 in the Last 18 Months!
√ NO HASSLE RETURN POLICY
√ Family Owned & Operated
√ We Will Beat Any Competitor's Price Within 1 Year of Purchase!

LIFETIME WARRANTY
ON ALL HAND TOOLS!
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(800) 323-5055
*Any rise in the price of silver could cause increase in offered price.

Shipment Pending U.S. Mint Release Estimated Mid January 2011

ANNOUNCING PRE-RELEASE OFFER

2O11 SILVER
AMERICAN EAGLES

*

8725 EASTEX FREEWAY • BEAUMONT, TX  77708

IC# 2DS1210

The anticipated pre-release of the new 
2011 Silver  American Eagles is here!

For a limited time you can order this 
extraordinary coin at special pre-release

price...only $29.48.  In addition, 
order today and shipping is FREE.

1 oz. $1 Silver
American Eagle

$2948*

Making Peace with Gravity: 
� e Art and Science of 

Movement For Inner Harmony, 
Pain Relief, and Joint Longevity

  

EDUCATIONAL/INSTRUCTIONAL DVD - 54 MIN. 

..

Support your health practice. Gently 
release tight muscles that block 
energy and cause infl ammation. 

Learn to harness gravity for eff ortless 
movement and explore strategies to 

keep your joints feeling good.

Created by Winnifred Cutler, Ph.D. in biolo-
gy from U. of Penn, post-doc at Stanford.
Co-discovered human pheromones in 1986
(Time 12/1/86; and Newsweek 1/12/87).

a t hena ins t i t u t e . com

Send me _____ vials of 10X for men @$99.50
and/or_____ vials of 10:13 for women@$98.50
for a *total _____ by: � money order �check
�Visa,M/C,Disc._______-________-________-______
exp______C.V.V.__ _Sign._______________________
to:Name____________________________________
Address_____________________________________
City/State________________________ zip_________
Phone:____________ email _____________________
(*PA add 6% tax, Canada add US $7.50 per vial) DSClj

Dr. Winnifred Cutler

� Melissa (UT) “I am a PhD chemist, a
physical chemist, you would know about that
kind of work. The Athena Pheromone
10:13™ is wonderful, excellent! I am very
pleased. I apply it straight then overlayer
whatever fragrance I am using that day. I am
so excited to talk with you, Dr. Cutler. The
formula is EXCELLENT! Received 10/14/10

� Joseph (MI) “Fabulous product. You did
the research! I am married and am with my
wife only. Within 5 days it was amazing.
The affection level went up 20 fold.”

Athena 10X and 10:13 are designed to
enhance your sex-appeal. Vial of 1/6 oz.
added to 2-4 oz. of your fragrance lasts 4 to
6 months, or use straight. Contains synthe-
sized human sex-attractant pheromones.
Effective for 74% in two 8 week published scientif-
ic studies.Not guaranteed to work for all, since body
chemistries differ, but will work for most.
Cosmetics not aphrodisiacs.
Not in stores. Call (610) 827-2200 - Order online

or send to: Athena Institute, Dept DSClj,
1211 Braefield Rd. Chester Springs, PA 19425

Discoverer’s Pheromones
GET YOU MORE AFFECTION

for women for men

add to your
favorite scent

Athena DSClj20 ad 11/11/10  2:17 PM  Page 1

EXPENSIVE BUT FANTASTIC!

In business over 20 years
Over 5300 machines sold

EXERCISE IN EXACTLY
4 MINUTES PER DAY

Same or better results in exactly
4 minutes on the ROM Machine as
from 60 to 90 minutes in a gym…

unbelievable but true!

That’s why over 97% of people
who try the ROM for a
30 day rental buy it.

Order FREE DVD
Call 818.504.6450

www.ROMmachine.com
or www.QuickGym.com

Rent the ROM Machine
for 30 days to test it.
Rental applies to purchase.

$14,615

Old North American Indian, Northwest
Coast, Eskimo, Plains & Woodlands
Indians, South Pacific, New Guinea
Polynesian, African and Indonesian,
Borneo, Sumatra artifacts including 
South American and ancient Egyptian.
Also Eskimo soapstone carvings.

C O L L E C T O R  S E E K S

416.596.1396 | goldenc@inforamp.net
OFFERING FREE IDENTIFICATION

O L D  A R T I F A C T S

COLLECTIONS PURCHASED.  PRIVACY ASSURED 

MASKS . CARVINGS . SHIELDS . WEAPONS . CLOTHING

                 



AMAZON RAINFOREST

Award-winning lodge in Tamshiyacu-

Tahuayo Reserve shown to have 

the world’s greatest diversity of primates. 

Customized itineraries. Weekly departures.

 1-800-262-9669. 

Visit: www.perujungle.com.

DV11126.indd   1 11/12/10   6:47:21 PM

worldmagsworldmags

worldmags

http://WWW.DEALINGWITHGRAVITY.COM
http://www.perujungle.com
http://www.ROMmachine.com
http://www.QuickGym.com
mailto:goldenc@inforamp.net
http://athenainstitute.com


20
THINGS YOU DIDN’T 
KNOW ABOUT KISSING
BY SHERIL KIRSHENBAUM • ILLUSTRATION BY JONATHON ROSEN

Sheril 
Kirshenbaum’s 
latest book is 
The Science of 
Kissing: What Our 
Lips Are Telling Us 
(January 2011, 
Grand Central 
Publishing).

1. Only you: Human lips are di� erent from those of all other 

animals because they are everted, meaning that they purse 

outward. 2. But we are not the only species to engage in 

kissing-like behaviors. Great apes press their lips together 

to express excitement, a� ection, or reconciliation. 

3. Scientists are not sure why humans kiss, but some 

think the answer lies in early feeding experiences. � rough 

nursing and (in some cultures) receiving pre-chewed 

food from a parent’s mouth, infants may learn to associ-

ate lip pressure with a loving act. 4. Another possibility: 

Smelling a loved one’s cheek has long served as a means 

of recognition in cultures around the world, from New 

Zealand to Alaska. Over time, a brush of the lips may have 

become a traditional accompaniment. 5. And yet kissing 

is not universal, leading some experts, like anthropologist 

Vaughn Bryant of Texas A&M, to think it might actually 

be a learned behavior. 6. � e Roman military introduced 

kissing to many non-kissing cultures (after its conquests 

were over, presumably); later it was European explorers who 

carried the torch. 7. Being close enough to kiss helps 

our noses assess compatibility. In a landmark study, 

evolutionary biologist Claus Wedekind of the University of 

Lausanne in Switzerland reported that women prefer the 

scents of men whose immunity-coding genes are di� er-

ent from their own. Mixing genes that way may produce 

o� spring with a stronger immune system. 8. Wed ekind’s 

experiment, widely known as the “sweaty T-shirt study,” 

involved very little sweat. Male participants were asked 

to shower beforehand so their scent would be faint. 9. � e 

earliest literary evidence for kissing comes from northern 

India’s Vedic Sanskrit texts, written 1,000 to 2,000 years 

ago. A portion of the Satapatha Brahmana mentions lovers 

“setting mouth to mouth.” 10. Love Is the Drug: Dopamine, 

a neurotransmitter associated with feelings of desire and 

reward, spikes in response to novel experiences, which 

explains why a kiss with someone new can feel so special. 

11. In some people, a jolt of dopamine can cause a loss of 

appetite and an inability to sleep, symptoms commonly 

associated with falling in love. 12. Can’t Get Enough of  Your 

Love: Dopamine is produced in the ventral tegmental area 

of the brain, the same region a� ected by addictive drugs like 

cocaine. 13. In men, a passionate kiss can also promote the 

hormone oxytocin, which fosters bonding and attach-

ment, according to behavioral neuroscientist Wendy Hill 

of Lafayette College in Pennsylvania. 14. Holding hands 

and kissing reduces levels of the stress hormone cortisol, 

thereby lowering blood pressure and optimizing immune 

response. 15. And a passionate kiss has the same e� ect 

as belladonna in making our pupils dilate. 16. Prelude to 

a Kiss: Two-thirds of all people turn their head to the right 

when kissing, according to psychologist Onur Güntürkün 

of Ruhr-University Bochum in Germany. � is behavior 

may mirror the head-turning preference observed in babies 

and even in fetuses. 17. Evolutionary psychologists have 

discovered that men are far more likely to prefer sloppy 

tongue kisses than women. 18. � e exchange of saliva 

could provide a reproductive advantage for males. During 

an open-mouthed kiss, a man passes a bit of testosterone 

to his partner. Over weeks and months, repeated kissing 

could enhance a female’s libido, making her more recep-

tive to sex. 19. Always brush and � oss, boys. Evolutionary 

psychologist Gordon Gallup of the State University of New 

York at Albany found that when deciding whether to kiss 

someone, women pay much closer attention than men 

do to the breath and teeth of their partner. 20. You Give 

Love a Bad Name: One milliliter of saliva contains about 

100,000,000 bacteria. 
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