
SUPERORGANISM The microbes that make you human 

WEEKLY May 14 -20,2011 

Spedal report 

THE 
GRAND ~~ 
DELUSION 
Everything you think is an illusion 

NEXT 
WAVE 
Seven disruptive technologies that 
will change the coming decade 

SOLAR 
SYSTEM2 
The search for one that 
looks just like ours 

Intimate I Robot sailors 
moments inside I navigate 
a brain scanner choppy waters 

0 7098 3069 

US$5.95 
> CAN $5.95 

No2812 

Science and technology news 
www.newscientist.com 
US jobs in science 





Smarter business for a Smarter Planet: 

What a predictive Inodel Ineans 
to a hospital in Africa. 
lt means that this hospital in Ethiopia will be able to help HIV patients receive the best treatment programme 

possible. The EuResist Network is helping doctors predict patient response to multiple HIV treatments with over 

78% accuracy. In a recent study, the EuResist prediction engine outperformed 9 out of 10 human experts in 

choosing the best drug combinations for a range of HIV genetic variants. The tool is built on an IBM analytics 

solution that integrates over 41,000 HIV treatment histories from a variety of disparate databases onto a flexible 
IBM DB~ platform. 
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Blades cause buffeting. 
The blades on conventional fans cause 
unpleasant buffeting because they chop 

the air before it hits you. 

No blades. No buffeting. 
The Dyson Air Multiplier™ fan works 

differently. An annular jet accelerates the 
surrounding air and amplifies it fifteen 

times. There are no blades to chop the 
air so the airflow is smooth- it cools 

without the unpleasant buffeting. 

dyson • 
I( ultiplier 

No blades. No buffeting. 

Learn more at www.dyson.co.uk 
Or experience instore. 
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Life's endless possibilities 
We need to spread our search for alien life as imaginatively as we can 

"IT IS unnatural in a large field to 
have only one shaft of wheat, and 
in the infinite universe only one 
living world." That saying, 
attributed to the pre-Socratic 
philosopher Metrodorus of Chi os, 
has a strangely modern ring to it. 

Over the following centuries, 
religious sensibilities, perhaps 
combined with an overdeveloped 
sense of our own importance, 
contrived to convince us that 
humanity must occupy a unique 
place in the universe. But the 20th 
century largely knocked that out 
of us. We now know that the 
universe is, if not infinite, almost 
unimaginably vast, and that our 
galaxy alone is populated with 
many billions of stars rather like 
our own. 

Fifty years ago, Frank Drake, the 
American radio astronomer and 
pioneer of the search for 
extraterrestrial intelligence, 
calculated what that meant for 
the likelihood oflife elsewhere 
in the Milky Way. His conclusion: 
the huge numbers involved made 
it rather implausible that we 
are alone. 

Half a century on, and the tide 
might be turning again. Waves of 
discoveries from NASA's orbiting 
Kepler planet-hunter have given 
us the chance to test some of the 

assumptions in Drake's formula 
for the first time. The fact that 
there are few plausible Earth 
lookalikes among the 1200-plus 
candidate planets identified by 
Kepler is not hard to explain away. 
Such small lumps of rock are more 
elusive than bigger gassy bodies, 
and once they have been glimpsed 
it will take time to verify their 
existence. More perplexing is the 
apparent lack of any other solar 
systems that have the familiar 

"lt is looking increasingly 
plausible that life can take 
many forms that to us 
seem utterly exotic" 

qualities of our own, which 
we believe to have given rise to 
life (see page 46). 

That's a blow to our ideas of 
how solar systems form and 
develop. Those who believe in 
humanity's uniqueness may 
claim that this lack of an alter ego 
for Earth supports their view. 

We may, however, be focusing 
our search too narrowly. The 
diversity of planetary systems 
that we are now seeing raises the 
possibility that planets or solar 
systems quite unlike the ones we 
know might harbour life. This 
week, NASA gave the go-ahead for 

further exploratory work on a 
lander to dip into one of Titan's 
frigid methane seas (see page 4). 
Though the chances are we won't 
find much more than some 
chemically interesting goo there, 
discovering anything lifelike 
would break down long-standing 
assumptions, notably that life 
requires liquid water. 

Further afield, things are looking 
ever more interesting. Just a few 
weeks ago we were presented with 
the idea that dark matter could 
warm planets enough to host life 
even without a star. Slightly more 
prosaically, we report in this issue 
on the possibility of hydrogen
enveloped life-supporting planets 
far from their stars (page 10 ). 

Iflife does exist in such diverse 
environments, it is a reasonable 
assumption that it will differ from 
us in other fundamental ways, 
too. Uniqueness seems rather too 
presumptuous a claim for one 
small planet in an undistinguished 
corner of a vast cosmos. Given our 
imperfect but rapidly growing 
store of knowledge, the idea that 
life can take many forms that to 
us will seem utterly exotic looks 
increasingly plausible. Perhaps 
we are indeed the lone shaft of 
wheat - but in a large field sown 
with many different crops. • 

PrivacyintheageofFacebook 
WEBSITES, smart phone apps and 
online services all make our lives 
easier, but recent privacy breaches 
and leaks of data show that 
convenience can come at a cost 

As household names such as 
Apple, Amazon and Sony hit the 
headlines over their data use, many 
people are realising that they 
can't rely on big brands to protect 
their personal data, even as these 
companies push for us to store 

ever more information online. 
Though there is little you can 

do once a company has lost your 
data, there is a better way to be 
vigilant (see page 22). An a pp is 
being developed that will let users 
monitor the transmission of their 
information, providing "privacy 
revelations" about how data 
flows through apps and to the 
internet. Combining it with 
crowdsourcing would allow users 

to warn others about rogue apps. 
But this will only work if 

enough people are interested. 
In a world where so many people 
volunteer intimate personal 
details on Face book, how many 
will see the need to become their 
own network administrator? It 
would be a pity if more significant 
leaks were needed to make 
everyone put a higher premium 
on privacy. • 
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UPFRONT 

Cancer clusters 
BITES from mosquitoes carrying 
unidentified viruses might 
explain childhood leukaemia 
clusters around the town of Fallon 
in Nevada. And last week, a 
separate UK report found no link 
between nuclear power plants and 
childhood leukaemia. 

The Nevada cluster is the largest 
in the US. Previous research failed 
to find a link between the cases 
and carcinogenic chemicals. The 
new study of the 14 Fall on cases 
that arose between 1997 and 
2003 - a rate 12 times higher than 
normally expected in such a 
period - concludes that military 
personnel may have brought a 
virus to the area, which was then 
spread by mosquitoes. The cluster 

"Military personnel may 
have brought a virus to the 
area, which mosquitoes 
spread, causing cancer" 

"fizzled out" once all vulnerable 
children had been infected. 

"The rural location of most 
cases suggests mosquitoes as 
a possible vector," says study 
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author Joe Wiemels of the 
University of California, San 
Francisco (Chemico·Biological 
Interactions, DOl: 10.1016/j. 
cbi.zou.ozm9). 

In the UK just zo cases occurred 
within 5 kilometres of 13 nuclear 
power plants between 1969 and 
2004 - six fewer cases than at 
seven "control" sites where 
nuclear plants were planned but 
never built. "We should be looking 
in other places for possible 
causes," says Alex Elliott of the 
Committee on Medical Aspects 
of Radiation in the Environment, 
which produced the report. 

'Kamikaze' plant closed 
CALL it a pre-emptive shutdown. The 
Hamaoka nuclear plant considered 
one of the world's most perilous 
because it sits astride the junction 
of two major geological faults, will 
be closed pending the construction 
of a giant protective sea wall. 

Some 200 kilometres south of 
Tokyo in the coastal city of Omaezaki, 
Hamaoka was thought to be the most 
vulnerable Japanese plant- before 
the March tsunami hit the Fukushima 

minister, Naoto Kan. Kan said t here 
is a high chance of a magnitude-a 
quake in t he area within 30 years. 

Of the five reactors, two were 
already mothballed and another 
was closed for inspection. The 
closure of the remaining t wo 
functioning reactors could intensify 
japan's electricity supply crisis in the 
wake of the megaquake in March. 
The plan is to keep them closed until 
a 15-metre-high sea wall is built 

nuclear complex to the north of the which could take up to three years. 
capital. In 2004, seismologist Meanwhile at Fukushima, radiation 
Katsuhiko lshibashi at Kobe University levels of up to 700 millisieverts per 
in japan compared Hamaoka to a 
kamikaze terrorist waiting to explode. 

Chubu Electric Power Company, 
which runs the plant announced that 
it would close two of its five reactors 
following an order from the prime 

Unfit for execution 
SOME people in the US may have 
been wrongly executed because 
of inaccuracies in the IQ tests used 
to assess them. 

Simon Whitaker, a psychologist 
at the University of Huddersfield, 
UK, searched the literature to 
identify sources of error in the 
most commonly used IQ tests. 
The test manuals state that you 
can be 95 per cent confident that a 
person's true IQ lies within 4 points 
of their test score. However, 
Whitaker found that for people 
with extremely poor scores, their 

hour have been recorded in some 
parts of reactor number 1. Officials 
say the radiation will not affect the 
schedule to create a stable cooling 
system, expected to be completed 
by October at t he earliest . 

actual IQ could be up to 28 points 
lower than the score achieved. 

In 2002, the US Supreme Court 
ruled that the execution of any 
mentally retarded person violates 
US law. An IQ of70 is generally 
considered the threshold 
making Teresa Lewis (IQ 72), who 
was executed in September last 
year, a borderline case. 

Whitaker calculates that to 
guarantee that no one with an IQ 
ofless than 70 is executed, a test 
score of 88 or more is required. He 
reported his findings at the British 
Psychological Society conference 
in Glasgow, UK, last week. 

Off-world sailing 
SATURN's moon Titan could be 
the site of the first extraterrestrial 
boating expedition. 

Last week, NASA awarded 
$3 million to a team led by Ell en 
Stofan at Proxemy Research in 
Gaithersburg, Maryland, to flesh 
out the concept of a flying-saucer· 
shaped space boat called the Titan 
Mare Explorer, or TiME. 

Titan is the only place in our 
solar system with a liquid cycle 
analogous to Earth's water cycle. 
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There, hydrocarbon rain tops 
up lakes of methane and ethane. 
TiME would parachute into a lake 
in the northern hemisphere called 
Ligeia Mare, where it would bob 
around for three months, testing 
the lake's chemicals with a mass 
spectrometer. This could reveal 
unusual patterns in the abundance 
of organic molecules that might 
hint at life, says Stofan. 

In order to fly, TiME will have to 
out-compete two other proposed 
missions: a seismic monitoring 
station for Mars, and a comet
hopping probe. The winner will 
be chosen after a review in 2012 
and could launch in 2016. 

Green vision 
The Intergovernmental Panel on 
Climate Change has this week set 
out both a rosy and a black vision 
of our green future. 

With the right governmental 
backing we could get almost 
80 per cent of our energy from 
renewable energy sources by 
2050, according to an IPCC report. 
This super-green scenario 
assumes we become so energy 
efficient that the predicted 
9-billion-strong population of 
2050 uses less energy than 7 billion 
of us do today - 407 exajoules per 
year, compared with 490 exajoules. 

The report says that the 
renewable energy sector is 
growing fast due to government 
support, and that its energy would 
be "economically attractive" if the 
environmental costs of fossil fuel 
emissions were included in prices. 

"Renewables would be 
economically attractive if 
the environmental costs of 
fossil fuels were in prices" 

But the report also offers 
another vision. Without green 
support we could consume 749 
exajoules by 2050, with only 15 
per cent coming from renewables. 

Wells that go boom Byzantine take on climate justice 
DRILLING for shale gas may pose 
a safety hazard if there are water 
wells nearby. 

Explosions at drinking wells 
in the US have been linked to 
dissolved methane in the water. 
Now Rob Jackson of Duke 
University in Durham, North 
Carolina, has found that wells 
located within 1 kilometre of 
an active shale-gas drilling site 
contained 17 times as much 
methane on average as those 
further away (Proceedings of the 
National Academy of Sciences, 
DOI: 10 .1073/pnas.noo682108). 

While little is known about 
how this methane might affect 
health, its presence at elevated 
levels is an explosion hazard, 
says Jackson, who analysed water 
from 68 wells in Pennsylvania 
and upstate New York. 

Jackson says the methane is 
probably seeping out from cracks 
in gas well casings, so improving 
the way these are sealed should 
solve the problem. 

Bryan Swistock, a water 
resources expert at Pennsylvania 
State University, University Park, 
says that the state has already 
introduced new standards for 
casing and sealing gas wells. 
"It would be interesting to 
continue this study [now the new 
standards are in place]," he says. 

LEGISLATION introduced by the 

Byzantine emperor Justinian I in 

the 6th century is the latest weapon 

in the battle to force the US 

government to curb climate change 

by cutting carbon dioxide emissions. 

Guided by NASA climate scientist 

jim Hansen, a charity representing 

young Americans last week invoked 

the ancient "Public Trust Doctrine" in 

a lawsuit against the US government 

and several of its agencies, including 

the Environmental Protection 

Agency, the Department of Energy 

and the Department of Commerce. 

'The public trust law says that 

common resources like water and air 

are held in trust by the government 

for future generations;· says julia 

Olson, director of the Our Children's 

Trust charity, which brought the 

action in San Francisco on 4 May. 

Olson says thatthe doctrine -

later enshrined in the English Magna 

Carta in 1215 and exported to the 

US in 1776 - has been invoked for 

centuries to pressure governments 

to protect public resources. lt is 

now being invoked to force the 

US government to act on global 

warming. "A court order requiring 

annual C02 emission reductions, 

where the court retains jurisdiction 

to enforce the order, would be a huge 

leap forward in the US;' Olson told 

New Scientist. 

Introduction of the lawsuit was 

supported around the US by youth 

"iMatter" marches, which back action 

on global warming. 

60SECONDS 

Roomier moon trips 
Good news for claustrophobic 

would-be space tourists: Virginia

based firm Space Adventures says 

its planned week-long "circumlunar" 

trips, for two passengers and a pilot, 

will use an B-cubic-metre habitation 

module in addition to Russia's 

10-cubic-metre Soyuz spacecraft. 

The $150 million trips could begin 

aseartyas2015. 

Clothes too sexy 
Almost 30 per cent of clothes 

aimed at young girls in 15 popular 

on l ine stores in the US are overtly 

sexualising and could influence the 

way girls evaluate themselves, say 

researchers at Kenyan College in 

Gambler, Ohio. For instance, dresses 

are often cut in a way to create the 

appearance of breasts (Sex Roles, 

DOl: 10.1007/sll199-0ll-9966-8). 

Warming hits food 
Global warming is taking its toll on 

our food, according to the first study 

to show a link between global crop 

yields and climate change. A steep 

rise in temperatures since 1980 has 

cut yields of staple crops, offsetting 

gains f rom improved farming 

practices (Science, DOl: 10.1126/ 

science.1204531). 

Soyuz's new spaceport 
Engineers simulated a launch of 

Russia's Soyuz rocket at Europe's 

space port in French Guiana last 

week, paving the way for the rocket's 

firstlift-offfrom there in October. 

Soyuz launches from the South 

American port will be uncrewed. 

Ova the odds 
How many eggs should you take to 

make a test-tube baby? The answer, 

according to an analysis of 400,000 

IVF cycles, is no more than 1S.In 

instances where more were taken 

through over-stimulation of the 

ovaries, the chances of a successful 

pregnancy were reduced and the 

risk of complications was raised 

(Human Reproduction, DOl: 

10.1093/humrep/der106). 
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THIS WEEK 

The pathways 
of pleasure 
Kayt Sukel performs an intimate 
act to explore the se~r..~.ts..-gasm 
and a novel form of c~usness 

WITH a click and a whirr, I am 
pulled into the scanner. My head 
is strapped down and I have been 
draped with a blanket so that I 
may touch my nether regions 
my clitoris in particular- with 
a certain degree of modesty. 
I am here neither for a medical 
procedure nor an adult movie. 
Rather, I am about to stimulate 
myself to orgasm while an fMRI 
scanner tracks the blood flow 
in my brain. 

My actions are helping 
Barry Komisaruk at Rutgers 
University in Newark, New Jersey, 
and colleagues to tease apart 
the mechanisms underlying 
sexual arousal. In doing so, not 
only have they discovered that 
there is more than one route to 
orgasm, but they may also 
have revealed a novel type of 
consciousness - an understanding 
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of which could lead to new 
treatments for pain (see ''Top
down pain relief", right). 

Despite orgasm being a near
universal human phenomenon, 
we still don't know all that much 
about it. "The amount of 
speculation versus actual data on 
both the function and value of 
orgasm is remarkable," says Julia 
Heiman, director of the Kinsey 
Institute for Research in Sex, 
Gender and Reproduction in 
Bloomington, Indiana. 

It is estimated that one in 
four women in the US has had 
difficulty achieving orgasm in 
the past year, while between 
s and 10 per cent of women are 
anorgasmic - unable to achieve 
orgasm at all. But without precise 
data to explain what happens 
during this experience, there are 
few treatment options available 

for women who might want help. 
Komisaruk is interested in 

the time course of orgasm, and 
particularly when an area of 
the brain called the prefrontal 
cortex (PFC) becomes active. 
The PFC is situated at the front 
of the brain and is involved in 
aspects of consciousness, such as 
self-evaluation and considering 

"There's a brain difference 
between self-stimulated 
orgasm and one achieved 
with a partner's help 

something from another 
person's perspective. 

Komisaruk's team recently 
found heightened activation in 
the PFC during female climax
something not seen in previous 
studies of the orgasm. Surprisingly, 
this was also the case in individuals 

who can achieve orgasm by 
thought alone. With fantasy and 
self-referential imagery often 
reported as being part of the 
sexual experience, Komisaruk 
and colleagues wondered if the 
PFC might be playing a key role in 
creat ing a physiological response 
from imagination alone. That is 
why I am here. 

Komisaruk instructs me to 
tap my thumb with my finger for 
3 minutes, then to simply imagine 
my finger tapping my thumb for 
the next 3 minutes as fMRI tracks 
where blood is flowing in my 
brain. Immediately after, I follow 
the same cycle with Kegel 
exercises - brief squeezes of the 
pelvic floor muscles - and then 
clitoral touches. I'm then asked to 
self-stimulate to orgasm, raising 
my free hand to indicate climax. 
Despite the unique situation, 
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I am able to do so without too 
much trouble. 

Over 30 areas of my brain are 
activated as I move from start to 
finish, including those involved in 
touch, memory, reward and even 
pain (see "Orgasm snapshot", 
right). As Komisaruk expected, 
the imagined clitoral touches and 
Kegel exercises activated the same 
brain areas as real ones, albeit 
with somewhat less blood flow. 
The PFC, however, showed more 
activation when touches and 
pelvic squeezes were imagined 
compared with those that were 
real. He suggests this heightened 
activation may reflect imagination 
or fantasy, or perhaps some 
cognitive process that helps 
manage so called "top-down'' 
control - the direct regulation 
by the brain of physiological 
functions - of our own pleasure. 
The team presented their results 
at the Society for Neuroscience 
annual conference in San Diego 
in November 2010. 

However, when Janniko 
Georgiadis at the University of 
Groningen in the Netherlands, 
and colleagues, performed similar 
experiments they found that the 
same brain region "switched off" 
during orgasm. Specifically, they 
saw significant deactivation in 
an area of the PFC called the left 
orbitofrontal cortex (OFC). 

Altered state 

Georgiadis argues that the 
OFC may be the basis of sexual 
control - and perhaps only by 
letting go, so to speak, can orgasm 
be achieved. He suggests this 
deactivation may be the most 
telling example of an "altered 
state of consciousness" and one 
not seen, as yet, during any other 
type of activity. 

"I don't think orgasm turns 
off consciousness but it changes 
it," he says. "When you ask 
people how they perceive their 
orgasm, they describe a feeling of 
a loss of control." Georgiadis 
suggests that perhaps orgasm 
offsets systems that usually 

ORGASM SNAPSHOT 

Here you can see what Kayt Sukel's 

brain looks like at the moment of 

orgasm. The scan is a sagittal section, 

essentially a profile shot, t hat shows 

one moment in time in different 

"slices" t hrough the brain. 

The coloured dots represent blood 

f low. Cooler colours show less blood 

f low and less activation. Warmer 

colours mean more activation. 

You can see f rom the extent of 

activity t hat an orgasm is a whole

brain experience. Activation in the 

prefrontal cortex (A) is clearly visible, 

as well as activity in t he anterior 

cingulate cortex (8), t hought to be 

involved in the experience of pain. 

dominate attention and 
behaviour. "I'm not sure if this 
altered state is necessary to 
achieve more pleasure or is just 
some side effect," he says. It is 
possible that the inability to let go 
and reach this altered state may 
be what prohibits individuals with 
anorgasmia from reaching climax. 

There may be a simple 
explanation for the discrepancies 

TOP-DOWN PAIN RELIEF 
The orgasm is a st rong analgesic. 

With brain-activation studies of 

orgasm showing unique patterns 

of activation in regions implicat ed 

in attent ion, self-awareness and 

consciousness, researchers believe 

its study may also help w ith the 

control of pain. 

"Orgasm is a special case of 

consciousness," says Barry 

Komisaruk at Rutgers University in 

Newark, New jersey. "If we can look 

at different ways of inducing orgasm, 

we may better underst and how we 

can use top-down processing to 

control w hat we physically feel:' 

People who suffer from chronic 

pain conditions can be coached to 

relieve some of their symptoms 

through such t op-down techniques, 

says Kenneth Casey at the University 

of Michigan in Ann Arbor. That is, 

they can use high-level mental 

between Georgiadis's and 
Komisaruk's work - they may 
represent two different paths to 
orgasm, activated by different 
methods ofinduction. While 
participants in Komisaruk's 
studies masturbated themselves 
to orgasm, those in Georgiadis's 
were stimulated by their partners. 
"It is possible there is a difference 
between someone trying to 

processes t o modulate what they feel 

physically. 'The placebo effect is an 

easy example of practical top-down 

control. You believe you are t aking 

a pill t hat will help and somehow it 
does," he says. " In my experience, 

simply t elling a patient t hat the pain 

they are experiencing is not harmful 

has an analgesic effect." 

Researchers f rom Stanford 

Universit y in California recently 

showed that individuals were able 

t o control pain by wat ching real-time 

activity of a brain area called the 

rostral anterior cingulat e cortex 

(ACC) and then mentally adjusting it. 

The ACC is also act ivated in orgasm. 

A better understanding of what 

these brain areas are doing in 

situations of pain and pleasure, 

Komisaruk argues, may open the 

door f or improved t op-down 

techniques to modulate both. 

mentalise sexual stimulation as 
opposed to receiving it from a 
partner," says Georgiadis. Perhaps 
having a partner makes it easier to 
let go of that control and achieve 
orgasm. Alternatively, having a 
partner may make top-down 
control of sensation and pleasure 
less necessary to climax. 

"This kind of research is 
incredibly useful," says Heiman. 
"Orgasm is tied into the brain's 
reward system and likely other 
important systems as well. There 
is much we can learn about the 
brain, about sensation, about how 
pleasure works and probably 
much more from this one 
physical response." 

Komisaruk agrees. He hopes 
to one day use neurofeedback to 
allow women with anorgasmia 
to view their brain activity in real 
time during genital stimulation. 
The hope is that this feedback 
may help them to manipulate 
their brain activity to bring it 
closer to that of an orgasmic 
pattern of activity. He also believes 
that further study of the orgasm
and the PFC's role - will offer 
much needed insight into how we 
might use thought alone to control 
other physical sensations, such 
as pain. "There's a lot of mystery 
in this one intense human 
experience that is just waiting 
to be figured out," he says. • 
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Double DNA clue 
to Alzheimer's 
Many neurons in the Alzheimer's brain have extra 
chromosomes- finding out why may lead to a cure 

Andy Coghlan 

A STRANGE property marks out 
the brain cells of people with 
Alzheimer's: they have a glut of 
cells with more than the standard 
two sets of chromosomes. 
Furthermore, these turn out to 
be the cells most likely to perish 
in the late stages of the disease. 
The twin discoveries could drive 
research into one ofthe modern 
world's most devastating 
neurological conditions in an 
entirely new direction. 

No one can agree on the cause 
of Alzheimer's disease. While 
much of the focus has been on the 
plaques that dog up the brains of 
sufferers, treatments that clear 
these plaques have no effect on 
the symptoms of the disease. And 
treatments that block the beta
amyloid proteins that make up 
the plaques, or the tau proteins 
that develop within neurons of 
people with Alzheimer's, also 
have had little impact. 

Perhaps that's because the 
disease is triggered by something 

completely different. Last year, 
Thomas Arendt's team at the 
University ofLeipzig in Germany 
examined tissue taken from 
healthy brains and from the 
brains of those who had 
Alzheimer's at the time of death, 
or who showed signs of being 
about to develop the disease. They 
found that about 10 per cent of 
neurons in the brains of healthy 
people contained more than two 
sets of chromosomes, a condition 
known as hyperploidy. The 
finding is astonishing because 
all cells in the human body 
other than sperm and eggs - are 
supposed to contain just two sets 
of chromosomes. 

More importantly, in the period 
just before Alzheimer's develops 
and in the early stages of the 
disease, Arendt and colleagues 
found that hyperploid cells 
double in number. Then, in the 
final stage of Alzheimer's, most 
of these unusual cells disappear 
altogether- of the brain cells lost, 
go per cent are hyperploid (see 
diagram) (American Journal of 

The real cause of Alzheimer's? 
About 10 per cent of cells in normal brains are typically 'hyperploid: but people 
in the early stages of Alzheimer's have twice as many. These cells are killed off 
in the final stage of the disease, leaving the brain bereft of neurons 

Pathology, DOl: 10.2353! 
ajpath.zoto.ogogss). 

But the question remained: 
are the extra hyperploid cells in 
Alzheimer's patients a resul t of 
errors in fetal brain development 
or do they develop anew in adults 
with Alzheimer's disease? If they 
are new, preventing them from 
forming may suggest a treatment. 

Arendt's team is preparing to 
publish research in which they 
conclude that the doomed 
hyperploid cells are more likely to 
be generated by the adult brain as 
part of the disease process. "What 
it tells us is that these cells are not 
preformed, which points to them 
being part of the Alzheimer's 
disease pathology," Arendt told 
New Scientist. 

"Hyperploid cells are 
confined to the 'thinking' 
and 'memory' regions of 
the Alzheimer's brain" 

The implication is that 
preventing the development of 
hyperploid cells could be a key to 
successful treatment. 

In the latest research on normal 
brains, Arendt wanted to find out 
if the abnormal hyperploid cells 
were confined to the areas of the 
brain that are typically hardest hit 
in Alzheimer's, or whether they 
are spread everywhere. The short 
answer, he says, is that they are 
dispersed evenly throughout a 
healthy brain, whereas they are 
confined narrowly to the 
"thinking" and "memory" regions 
of the Alzheimer's brain. These 
areas are hit hard by the disease. 

100 

Arendt has also found crucial 
differences between hyperploid 
cells in normal people and those 
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set of chromosomes. But the cells 
replicating in the brains of people 
with Alzheimer's fail to divide 
after the chromosomes 
duplicate - leaving parts of the 
brain with abnormally high 
numbers of hyperploid cells. 

Already, a research team in 
Spain is working out why, by 
studying naturally hyperploid 
retinal neurons in embryonic 
chicks. Jose Maria Frade and his 
colleagues at the Cajal Institute in 
Madrid found that during natural 
cell division a growth-promoting 
molecule called nerve growth 
factor (NGF) activates a cell 
surface molecule called the p75 
neurotrophin receptor (p75NTR) . 
Crucially, they found that another 
substance called brain derived 
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neurotrophic factor, or BDNF, 
prevents the cells dividing, 
leaving them locked in a 
hyperploid state. Such abnormal 
cells would tend to self-destruct, 
but BDNF apparently blocks any 
suicide attempts. 

Frade says that the 
concentration ofBDNF in the 
brains of people with Alzheimer's 
drops just before the hyperploid 
cells begin to die. So is BDNF the 
chemical that keeps these 
"hobbled" cells going for as long 
as possible, explaining why 
Alzheimer's is such a long, drawn
out disease? 

"At present, we're actively 
working on this hypothesis," says 
Frade. Indeed, a study in 2009 
found that injecting more BDNF 

MIND-EXPANDING SLUGS 
Nifty detective work has uncovered 

hyperploid cells elsewhere in the 

animal kingdom. Slugs have giant 

neurons, precisely because the cells 

are hyperploid, says Ryota Matsuo 

and his colleagues at Tokushima 

Bunri University in Sanuki, japan. 

Matsuo's team took identically 

sized slugs and divided them into 

two groups, starving one group and 

giving the other as much food as they 

could eat . The brains of the overfed 

slugs grew twice as large as the 

unfed group's, and contained almost 

double the amount of DNA, but still 

had the same number of neurons 

Uournal of Neuroscience, 001: 

10.1523/jneurosci.0179-11.2011). 

Matsuo says that the extra DNA 

may enable each cell to produce more 

vital brain proteins and signalling 

molecules without having to waste 

energy generating new cells. 

Jose Maria Frade of the Cajal 

Institute in Madrid, who is studying 

hyperploidy in mammals, says 

that Matsuo's work could have 

implications for st udying hyperploidy 

in Alzheimer's patients. "They could 

undergo shape changes altering 

their function and disrupting 

connections;· he say s. 

Frade also says that the slugs 

might provide useful research tools 

in Alzheimer's disease, to t est drugs 

that stop cells multiplying their DNA. 

into the brains of rodents and 
primates with Alzheimer's-like 
diseases blocked cell death and 
improved the animals' memory. 

Even ifBDNF can alleviate 
symptoms of Alzheimer's by 
preventing the death of 
hyperploid cells, it is still unclear 
why the heightened cell 
replication that causes the cells 
to form occurs in the first place. 
This may be where mainstream 
theories of what causes the 
disease come into play. 

Beta -amyloid, long associated 
with the disease, can bind to and 
activate the cell surface molecule 
P7SNTR that kicks in at the early 
stage of cell division - so beta
amyloid may accelerate and 
spread the order for cells to start 
the replication process. BDNF may 
then step in to prevent the cells 
complet ing the division process, 
leaving them in a hyperploid 
state. Ultimately, production of 
BDNF begins to wane and all 
hyperploid cells are free to self
destruct, drastically reducing the 
number of neurons in severe cases 
of Alzheimer's. 

Arendt is exploring whether the 
cell-cycle activation process can 
be blocked before the early stages 
of Alzheimer's, to stop generation 
of the abnormal cells. "We're 
hoping to develop a therapy," 
says Arendt. "We have interesting 
results, but they've been 
submitted for publication, so we 
can't talk about them yet." 

Other Alzheimer's researchers 
have responded posit ively to 
Arendt's work. "Arendt's paper 
from last year is required reading 
in my lab," says Karl Herrup of 
Rutgers University in Piscataway. 
New Jersey, who reported as far 
back as 2001 that hyperploid cells 
died in Alzheimer's patients 
(Journal of Neuroscience, vol21, 
p 2661). His finding was largely 
ignored at the time. "It is still 
correlation, not causality, 
but there is almost no other way 
to interpret the data other than 
the way Arendt lays it out," he 
says. "I think this is a stunning 
pieceofwork." • 
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Hydrogen blows up 
the habitable zone 
Ken Croswell 

OUR planet seems to be in just the 
right spot to sport a mild climate. 
Not too near the sun's heat, not too 
far from its warmth, in a narrow 
habitable zone in which water is 
liquid and life can thrive. But Earth 
could still support life even if it 
were as far from the sun as Saturn, 
claim two scientists in the US, as 
long as the air abounded with 
hydrogen. If they are right, then 
billions of life-bearing planets 
may exist much further from 
their host stars than astronomers 
had thought possible. 

Earth owes much of its warmth 
to carbon dioxide and water 
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vapour in its atmosphere 
trapping solar heat, but these 
greenhouse gases freeze at the 
low temperatures far from the 
sun. In cont rast, hydrogen stays 
gaseous, and at high pressure it is 
also an effective greenhouse gas. 

Raymond Pierrehumbert at 
the University of Chicago and 
Eric Gaidos at the University of 
Hawaii in Honolulu calculated 
the warming effect of a hydrogen 
blanket on Earth-sized planets, 
as well as on worlds a few times 
more massive than our own, 
known as super-Earths. They 
found that, swaddled in a 
hydrogen atmosphere a few 
dozen times thicker than our 

nitrogen-oxygen one, such a planet 
could keep warm at up to 15 times 
Earth's distance from the sun. And 
despite the thickness of this alien 
atmosphere, Pierrehumbert and 
Gaidos calculate that enough 
sunlight would reach the planet's 
surface to foster photosynthesis. 

"It's a clever idea," says James 
Kasting of Pennsylvania State 
University in University Park, 
"but I'm sceptical as to whether 
you can form these planets." He 
doubts that an Earth-like planet 
or super-Earth would pull in so 
much hydrogen from the cloud 
of gas surrounding a young star. 

Kasting adds that far-out 
planets will be fainter and harder 
to see than close-in planets, so 
finding these distant worlds will 

"Billions of life-bearing 
planets may exist further 
from their host stars than 
thought possible" 

be more difficult, as will studying 
their atmospheres. 

Nevertheless, Pierrehumbert 
and Gaidos point to one known 
planet that may fit the bill. Named 
OGLE-os-390Lb, it is about six 
times as massive as Earth. It orbits 
a red dwarf- a small, cool, faint 
star - at 2.6 times Earth's distance 
from the sun. A naked planet so 
far from such a dim star would 
be a frigid world. But with a thick 
hydrogen atmosphere it could 
potentially sustain liquid water 
at its surface, say the researchers 
in a study to appear in The 
Astrophysica/Journal Letters. 

Yet if a far-out planet did spawn 
life, that life could sign its own 
death warrant. Some types of 
microbe consume hydrogen 
and carbon dioxide. By depleting 
these greenhouse gases, the 
microbes might turn their warm 
world into a giant snowball, 
killing them all. • 
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New doubts 
over shaken
baby evidence 
WATER-FILLED cysts in the brain of 

a dead baby should not be taken as 
proof that the infant has been shaken 

to death. New find ings show that 
cysts are also found in babies known 
to have died of innocent causes. 

If the brain is starved of oxygen 

because of a breathing problem or 

§ the eyes - as evidence in such cases. 

~ In January the Crown Prosecution 
0 

; Service in England and Wales issued 

~ new guidelines stating that the triad 
would no longer be sufficient to show 
that a dead infant had suffered 

"shaken baby SYndrome". As well 
as requiring addit ional evidence of 
possible abuse before a prosecution 
is started, the guidelines also rename 

"shaken baby SYndrome" as "non
accidental head injury". 

"Squier has shown that sub-cortical 

fluid collections are not [always] the 
result of primary t rauma to the cortex," 

says Julie Mack, a pathologist studying 
infant brain injury at PennSYlvania 

a blood clot caused by t rauma, for 
example - it will swell up. A study of 

swollen brains in 20 babies who died 
aged 5 months or less showed that 

the longer they had survived before 
dying, the more likely t hey were to 
develop water-filled cysts between 

the cerebral cortex and the inner 
regions of the brain. 

tissue disruption, and may occur 
after brain swelling from any cause," 

says Waney Squier at the John 
Radcliffe Hospital in Oxford, UK 

(Early Human Development, DOl: 
10.1016/j.earlhumdev.2011.03.003). 
Squier's team suggests that the cysts 

arise because the brains of young 
babies have yet to fully develop the 

plumbing needed to drain excess fluid. State Hershey Medical Center. 
The paper is the latestto cast One prominent radiologist in the 

doubt on post-mortem evidence that UK who preferred notto be named 
has t ill now been taken to show that says he agreesthatthecysts can have 

abuse has taken place. Last year, innocent causes. But he questions 
evidence emerged to challenge the the validit y of the new study, adding 

"While these cysts may be seen 

as a consequence of trauma, they do 
not appear to be due to mechanical 

use of the "triad"- the combination that he seldom sees evidence of cysts 

of brain swelling, and bleeding on the in MRI scans of living infants with 
surface of the brain and atthe back of swollen brains. AndyCoghlan • 

Winners given the chance 
to improve city life 
Three innovative projects have t riumphed in the 

Philips Livable Cities Award, a global in~iative designed 

to generate pract ical, achievable ideas for improving t he 

healt h and well-being of c~y dwellers. 

The overall winner is Sabrina Faber from Sana'a, Yemen. Her plan is to harvest. filt er 

and store rainwater collected from flat-roofed buildings. Sana'a has one of the lowest 

per capita water supplies in the world and Sabrina aims to provide a dependable source 

of clean water which will help to prevent disease. Phi lips has awarded Sabr ina €75,000 

to make her idea a reality. 

Two other w inners will receive €25,000 each. Manuel Rapoport from Buenos Aires, 

Argentina, wants to create portable parks. He plans to close off roads for a t ime and 

bring in playground equipment and benches to create a space that provides relaxat ion 

for people of all ages and acts as a focus for strengthening community t ies. 

james Kityo of Kampala, Uganda, plans to build wooden structures and plant trees 

next to busy roads to protect pedestr ians from the blazing sun and torrential rain. He 

hopes t he shelter w ill mostly benefit elderly people and nursing mot hers. These "shade 

stands" could also be hubs for promoting information about health and amenities. 

To find out more about these w inners and the Awards scheme, go to www.philips.com/because 

Urban visionaries: Sabr ina 

Faber, Manuel Rapoport 

(top right) and james Kityo 

PHI LIPS 
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Chip test will track 
down illegal fish 
NicFieming 

HOW can you tell whether the 
cod on sale in your local market 
was legally caught from a 
sustainable source? For now, the 
short answer is that you can't. 
But relatively cheap, reliable 
genetic tests could soon give the 
authorities the means to identify 
illegally caught fish. 

Many key species have been 
overfished in some locations but 
still have thriving populations 
elsewhere. In the North Sea, for 
instance, cod populations have 
become dangerously depleted, 
while the Baltic is home to some 
well-managed cod fisheries. 

In 2005, WWF found that 
10o,ooo tonnes of illegal cod were 
caught in the Barents Sea alone. 
Inspectors can check what species 
fishing fleets are bringing to 
shore, but it is a lot more difficult 
to check where they were caught. 

Though fishing vessels are 

Where cod can be caught 

tracked by GPS, and are 
occasionally inspected while at 
sea, fishers can easily bypass these 
measures. The UK government 
estimates that illegal, unreported 
and unregulated fishing is worth 
between $10 and $24 billion per 
year worldwide - up to a quarter 
of the total value of the industry. 

Now a consortium is claiming to 
have developed DNA tests that can 
rapidly, accurately and affordably 
verify claims about the origins of 
fish and fish products. The group, 
called FishPopTrace, presented 
their results at a meeting in 
Brussels, Belgium, on Wednesday. 

"Successful identification of 
both species and fisheries lies at 
the core of all programmes to 
manage fish sustainably," says 
Blake Lee-Harwood of the NGO 
Sustainable Fisheries Partnership. 
"An affordable technology that 
eliminates confusion and fraud 
will be really helpful." 

Under the leadership of Gary 

Where some cod populations are in a dire state. others are healthy and can be 
fished sustainably (year indicates latest assessment) 
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Sustainability score for North Atlantic cod 
8-10 e Relatively well-managed fishery 
6-7.9 Requires improvement 

~6 e Unsustainable fishery 

Carvalho of the University of 
Wales, Bangor, in the UK, 
FishPopTrace researchers from 
15 groups in Europe and Russia 
have spent three years evaluating 
the test's ability to verify the 
origins of fish. 

Theysequencedthousandsof 
samples of Atlantic cod, European 
hake, common sole and Atlantic 
herring, and identified several 
hundred variations in their 
DNA called single-nucleotide 
polymorphisms {SNPs), which 
act as genetic markers. 

Existing DNA tests that use a 
different type of marker, known 
as microsatellites, can distinguish 
between species but are less 
effective at identifying the 
smaller genetic differences 
between populations of the same 
species. SNPs are more common 
and easier to detect. 

Based on these characteristic 
SNPs, FishPopTrace has developed 
"labs on a chip" to test hake, sole 
and herring. They have also 
provided data to improve a 
similar chip for cod that was 
previously developed in Canada 
for fish farm research. 

The tests have been validated 
to ensure they work equally well 
when conducted by technicians 
in different labs and for fish 
processed in different ways. 
Running the test costs around 
$1o per sample. 

The FishPopTrace team found 
that a test using 20 SNPs always 
correctly assigned Atlantic cod 
to one of the four major 
population groups. Using just 
one SNP, it got the origins of sole 
correct g6 per cent of the time, 
and with hake it was almost 
perfectly accurate with 10 SNPs. 

''Fishermen sometimes wonder 
whether it is worth complying 
with the rules when it will put 
them at a disadvantage compared 
to those who are not complying," 
says Jann Martinsohn, a European 

lsl Commission scientific officer. 
i "These tools will be very powerful 
~ when it comes to court cases 
~ for enforcement and will also act 
5I as a deterrent." • 

Fermenting 
fruit did not lead 
to alcohol gene 
IT'S the longest period of abstinence 

on record. Vertebrates gained t he 

genes used to metabolise ethanol 

310 million years before flowering 

plants started producing significant 

amounts of the intoxicating stuff. 

The gene for alcohol 

dehydrogenase (ADH)- a protein that 

breaks down ethanol- was originally 

t hought to have evolved in humans in 

response to the creation of liquor. But 

then the enzyme was discovered in 

animals, so it was thought that the 

"The protein that breaks 
down ethanol first 
appeared 310 million years 
before flowering plants" 

protein emerged to break down 

ethanol in the fermenting fruit of 

flowering plants. These appeared on 

Earth around 140 million years ago. 

Now Hector Riveros-Rosas at the 

National Autonomous University 

of Mexico in Mexico City thinks it is 

time to change the story again. He 

analysed the available ADH gene 

sequences from animals, and says 

t hey suggest that ADH first appeared 

in vertebrates some 450 million years 

ago- long before flowering plants 

evolved, and even before the conifers 

t hat appeared around 315 mill ion 

years ago began producing sweet 

berries that can ferment to generate 

small quantities of alcohol. 

Riveros-Rosas believes ADH was 

initially used to metabolise natural 

hormones, and was later hijacked 

for our bacchanalian pleasures. He 

points out that studies have found 

evidence that ADH breaks down 

naturally produced hormones such as 

dopamine much faster than ethanol. 

However, t he new study does 

suggest that some animals evolved 

a version of ADH in response to the 

appearance of fruit. Fruit flies gained 

the gene between 70 and 135 million 

years ago ( Chemico-Biological 
Interactions, DOl: 10.1016/j.cbi. 

2011.02.008). Wendy Zukerman • 
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Beware impostors 
at the particle party 
DavidShiga 

NEW particles that mimic the 
long-sought Higgs boson may 
bamboozle physicists, who could 
spend years trying to confirm 
or rule out the possibility of an 
impostor, a new study warns. 

The standard model of particle 
physics predicts that a particle 
called the Higgs boson endows 
many other particles with mass. 
The Large Hadron Collider (LHC) 
at CERN near Geneva, Switzerland, 
was built in part to detect and 
study it for the first time. 

Higgs bosons should be 
produced in the wreckage of 
collisions between pairs of 
protons smashed together at the 
LHC. While the Higgs will not be 
detected directly, it should quickly 
decay into more familiar particles, 
such as pairs of photons or heavy 
Z bosons, carriers of the weak 
nuclear force. The standard model 
of particle physics predicts what 
fraction of the occasions the Higgs 
should decay into each type of 
particle, so if decay products are 
seen in those ratios, we might 
assume we have finally found 
the Higgs. 

But some other undiscovered 

Graphene may 
reveal the grain 
of space-time 

particle could decay in the same 
pattern, say Patrick Fox ofFermilab 
in Batavia, Illinois, and colleagues, 
in a paper posted online (arxiv. 
org/abs/1104.5450). "This was a 
surprisingly easy thing to arrange," 
says team member Neal Weiner 
ofNewYork University, as such 
mimicry could occur as a result 
of a quantum phenomenon called 
mixing. Mixing allows particles to 

an electron can adopt either of two 
quantum states- a property called 
pseudospin which is mathematically 
akin to the intrinsic spin of an electron. 

Most physicists do not think it is true 

exist as a blend of two different 
types, and is known to occur 
between types of quark and 
between types of neutrino. Ifthere 
is a new particle that mixes with 
the Higgs boson, it will pick up 
some characteristics of the Higgs. 

What would make the disguise 
almost perfect is if the new 
particle does not feel the forces of 
the standard model. Then it would 
have no intrinsic tendency to decay 
into standard-model particles. 
Then even a slight Higgs admixture 
would make the new particle decay 
in exactly the same ways as the 
Higgs, with exactly the same decay 
products. Ian Low of Argonne 

backs that up. The spin arises from the 
way electrons hop between atoms in 
graphene's lattice, says Regan. 

So how aboutthe electron's intrinsic 
spin? lt cannot be a rotation in the 

National Laboratory in DuPage 
County, Illinois, who was not a 
memberoftheteam,agreesthat 
mixing could lead to convincing 
impostors. "Nature might 
surprise us," he says. 

While such an impostor would 
at least imply that the Higgs does 
exist- a triumph in itself- it 
would not tell physicists about 
the long-sought particle's detailed 
properties. In particular, the 
mass of the counterfeit could 
be very different from that of 
the genuine article. 

It could be an exciting discovery 
in other ways, because not just 
any new particle could mimic 
the Higgs. To do so, it would need 

~ to have zero spin, like the Higgs 
..., boson itself but unlike any other 

standard-model particle. Such 
spin-zero particles arise in theories 
that include new forces beyond 
those in the standard model. Some 
physicists think a new force could 
explain a variety of anomalies 
seen recently at the Tevatron 
particle collider at Fermilab. 

If a particle with Higgs-like 
decays is found at the LHC, it 
could take years to rule out the 
possibility that it is an impostor. 
The best prospect to weed it out 
would come after an LHC upgrade 
planned for 2014, when higher
energy collisions should reveal 
whether the new particle interacts 
with carriers of the weak force - a 
property expected for the Higgs 
boson but not for impostors. • 

mechanics with gravity in which 
space-time is built out of tiny pieces 
or fundamental networks (Physical 
Review Letters, vol106, p 116803). 

Sergei Sharapov of the National 
spin, but Chris Regan at the University ordinary sense, as electrons are point Academy of Sciences of Ukraine in 

COULD the structure of space and 
time be sketched out inside a cousin 
of plain old pencil lead? The atomic 
grid of graphene may mimic a lattice 
underlying reality, two physicists have 
claimed, an idea that could explain 
the curious spin of the electron. 

Graphene is an atom-thick layer 
of carbon in a hexagonal formation. 
Depending on its position in this grid, 
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of California, Los Angeles, disagrees. 
He cites work with carbon nanotubes 
(rolled up sheets of graphene) in the 
late 1990s, in which electrons were 
found to be reluctant to bounce back 
off these obstacles. Regan and his 
colleague Matthew Mecklenburg say 
this can be explained if a tricky change 
in spin is required to reverse direction. 
Their quantum model of graphene 

particles with no radius and no innards. 
Instead, like pseudospin, it might 
come from a lattice pattern in space
time itself, says Regan. This echoes 
some attempts to unify quantum 

"Pseudospin arises from the 
way electrons hop between 
atoms in the graphene's 
honeycomb lattice" 

Kiev says that the work provides an 
interesting angle on how electrons 
and other particles acquire spin, but 
he is doubtful how far the analogy can 
be pushed. Regan admits that moving 
from the flatland world of graphene 
to higher-dimensional space is tricky. 
"lt will be interesting to see if there 
are other lattices that give emergent 
spin," he says. Kate McAipine • 
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The fish that sounds 
like a screaming baby 
LURKING in the swamps, 
mangroves and coral reefs of the 
west Pacific is a fish that makes 
the same type of urgent call we 
associate with a screaming baby. 

The three-s pined toadfish, 
Batrachomoeus trispinosus 
(pictured), is not the only fish 
that vocalises, but it is the first 
one known to produce a range 
of calls known as non-linear. 

Other fish make linear sounds, 
which have a regular waveform a 
bit like a sine wave. In non-linear 
sounds, however, different 
waveforms interfere with one 
another as they travel, creating 
a much more complex signal. 
Human babies, other mammals 
and songbirds use non-linear 
sounds in their calls, and animals 
associate such sounds with a 
sense of urgency. 

Aaron Rice at Comell 
University in Ithaca, New York, 
recorded the calls of captive 
three-spined toadfish and noticed 
that some of the waveforms 
produced contained short but 
complicated patterns. Intrigued, 
he showed them to Comell 
engineer Bruce Land, who 
immediately recognised them 
as non-linear. 

With colleague Andrew Bass, 
Rice recorded a further 1200 calls 
from his captive toadfish, and 
found that 38 per cent were non
linear. For instance, the fish could 
produce bi phonic calls, a trick 
used by songbirds that gives 
the animal two distinct but 
simultaneous voices. 

The key to the toadfish's 
talkativeness is its unusual swim 
bladder. This gas-filled organ 
is normally used to maintain 
buoyancy, but by manipulating 
a nearby muscle it can be made 
to resonate and so double as an 
organ of vocalisation. The three
s pined toadfish's swim bladder 
is unique because it is divided in 
two. Each half is controlled by a 

Crying out for help 

separate nerve and muscle, so can 
produce sound independently. 
Two closely related species with 
single swim bladders cannot 
make non-linear sounds 
(Proceedings of the Royal Society B, 
DOl: to.wg8/rspb.zon.o6s6). 

"This fish has essentially 
doubled its vocal organ," says 
Tecum seh Fitch of the University 
of Vienna in Austria. 

We don't know why non-linear 
sounds are used for urgent calls, 
says Simon Townsend of the 
University of Zurich in 
Switzerland. It may be that non
linear sounds are produced if an 
animal loses control of its vocal 
system when upset, and that 
other animals have simply 
evolved to associate such sounds 
with stress. Michael Marsh all • 
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IN BRIEF 

Crocodiles swam the Atlantic 
to reach America 

MILLIONS of years before Vikings crossed the Atlantic, 
crocodiles swam thousands of kilometres from Africa 
to colonise the Americas. 

The finding comes from the most complete 
evolutionary tree of the genus Crocodylus, featuring 
all but one of the living crocodile species. Evon Hekkala 
of Ford ham University in New York and colleagues 
sequenced mitochondrial genomes of allll species, 
eight of which had not had their mitochondrial DNA 
sequenced before. 

This revealed that all four American species are most 

closely related to the Nile crocodiles of east Africa, 
and must have split away roughly 7 million years ago 
(Molecular Phylogenetics and Evolution, DOl: 10.1016/ 
j.ympev.2011.03.026), long after Africa and South 
America began drifting apart 130 million years ago. 
By 7 million years ago, over 2800 kilometres of ocean 
lay between the two continents. 

Palaeontologists have long suspected that crocodiles 
swam the Atlantic - they are salt-tolerant, can go up to six 
months without eating, and females can carry viable sperm 
for several months after mating - but Hekkala's finding 
is "strong evidence in support of that scenario", says 
Christopher Brochu of the University of Iowa in Iowa City. 

Hekkala says crocodiles may have hitched a ride on 
the westward-flowing equatorial currents. 

Probe measures swirling space, at last Last week, mission members 
said in a press conference that 
they had detected frame-dragging 
with a precision oftg per cent. 
However, laser tracking of the 
moon's motion had already 
reached a precision of 0 .1 per cent. 
Despite this, Francis Everitt of 
Stanford University in California, 
who began work on Gravity Probe 
B about so years ago, defends the 
mission. "The great beauty of it is 
that we have complementary tests 
of general relativity," he says. 

SIX years after NASA's Gravity 
Probe B stopped collecting data, 
the mission has finally found 
evidence of an effect of general 
relativity called fram e-dragging. 
But the result comes years after 
other projects measured the effect 
to greater precision. 

The $750 million mission 
launched in 2004 to test Einstein's 
general theory of relativity by 
measuring how Earth warps the 
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fabric of space-time. The warping 
was expected to slightly alter the 
spin axis of four gyroscopes in the 
probe, but the measurements 
were much noisier than expected, 
complicating the analysis. 

In 2007, the probe's team 
reported m easuring the dent 
Earth's gravity makes in space. 
But evidence that the Earth drags 
space around with it as it spins 
frame-dragging - was more elusive. 

Distracted by 
too much brain 

THOSE who are easily distracted 
from the task in hand may have 
"too much brain". 

So says Ryota Kanai at 
University College London. His 
team found that people who 
scored highly on a questionnaire 
rating distractability had larger 
than average volumes of grey 
matter in a brain region called the 
left superior parietal lobe, or SPL 
(journal of Neuroscience, DOl: 
tO.t523/jneurosci.s864-l0 .20tt). 

Why a large left SPL might make 
someone easily distracted is 
unclear, but Kanai's team is testing 
whether controlling its activity 
can improve concentration. They 
have found "some signs"that 
attention levels can be regulated 
by using transcranial direct 
stimulation on the left SPL. This 
non-invasive technique delivers a 
tiny electrical current to the area. 

Kanai says the t echnique might 
one day help people with attention 
deficit hyperactivity disorder. 

Help dementia care 
with chair shuffle 

SHUFFLING the furniture in care 
homes can have a positive impact 
on the behaviour of residents 
with dementia. 

That's according to Louise 
Ritchie at the University of 
Edinburgh, who visited 20 care 
homes in the UK and found that 
chairs were often pushed against 
the walls in lounge areas giving 
the rooms "no real purpose". 

Simply shifting the furniture 
in seven care homes so that chairs 
formed small groups or faced a 
window led to a 16 per cent 
increase in active behaviours, 
such as watching TV. It also led to a 
5 per cent rise in social interaction. 

Ritchie presented her findings 
at the British Psychological 
Society's annual conference 
in Glasgow last week. 
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Did comet impacts 
forge Titan's air? 

Fear dulls our awareness of the nuances of sound 

THE unique atmosphere of Saturn's 

moon Titan could have been creat ed 

by comets blasting gases out of its 

icy crust . 

Titan is the only moon in the solar 

system with much of an atmosphere, 

and the origin of its nitrogen-rich 

air is a puzzle. There are several 

theories: volcanic activity may have 

belched it out, or sunlight may have 

broken up ammonia molecules in its 

primordial atmosphere. But these 

suggestions assume that the young 

Titan was a warm world, whereas 

measurements by the Cassini 

spacecraft imply that it has always 

been fairly cold. 

The latest idea is that the 

atmosphere was created 3.9 billion 

years ago in a period known as the 

late heavy bombardment, when 

comets swarmed through the solar 

system. "Huge amounts of cometary 

bodies would have collided with 

outer icy satellites, including Titan;· 

says Yasuhito Sekine of the 

University of Tokyo, japan. 

To mimic the effects of such 

high-speed impacts, Sekine and his 

colleagues fired projectiles into a 

mixture of ammonia and water ice 

similar to Titan's crust. The impacts 

converted some of the ammonia 

into nitrogen gas, and Sekine's t eam 

calculates that ancient comet 

impacts could have liberated 

enough nitrogen to build Titan's 

atmosphere (Nature Geoscience, 

DOl: 10.103B/ngeoll47). 

YOU might think that being able 
to distinguish between a noise 
associated with danger and a 
similar but innocuous one would 
be a useful skill. Yet people find it 
hard to tell similar sounds apart if 
one is linked to a bad experience. 
The finding could help explain 
how people with post-traumatic 
stress disorder (PTSD) may 
become hypersensitive to certain 
types of sound. 

Rony Paz and colleagues from 
the Weizmann Institute of Science 
in Rehovot, Israel, repeatedly 
played one of two tones to 

Gorilla traditions 
betrayed by nettles 

CHIMPS and orang-utans are 
well known for their ability to 
develop tool-using tricks and 
transm it these within their social 
groups. But because gorillas are 
comparatively poorly studied, 
it's unclear whether they develop 
such "traditions". A study now 
suggests they do. 

Richard Byme at the University 
ofSt Andrews, UK, and colleagues 
looked at how captive-bred gorillas 
picked apart stinging nettles to 
eat them. They noticed that the 
apes never detached the stinging 
leaf stalks and reduced their 
exposure to stings by squeezing 
nettles together. "This fascinated 
us because, while wild gorillas in 
Rwanda also pick apart stinging 
nettles, they do so by removing 
stalks and folding, rather than 
squeezing, the nettles," says Byme. 

He argues that each group 
developed its own tact ics and 
spread them among themselves. 
"The perfect study would 
compare only wild gorillas or 
only captive ones, but when that 
is not possible, studies like these 
are valuable," says primatologist 
Elizabeth Lonsdorfat the Lincoln 
Park Zoo in Chicago. "I think 
we've only scratched the surface 
of gorilla learning abilities." 

volunteers. One group heard a 
tone followed by an unpleasant 
smell, the other a tone followed 
by a pleasant, melon-like odour. 
The team then tested how well 
each person could distinguish 
between the tones they had heard 
and similar sounds. 

On average, those who had 
heard the sound that was followed 
by an unpleasant smell performed 
worse at this task. The effect 
persisted 24 hours later (Nature 
Neuroscience, DOl: 10.1038/ 
nn.28o2). 

This makes sense from an 

evolutionary point of view, says 
Paz. "If you hear a lion and you 
see a zebra get eaten, that should 
be enough for you to know that a 
lion is bad and to avoid it." If you 
subsequently hear a different 
lion, you want your system to 
respond quickly to the threat 
rather than try to distinguish 
between the two lions. 

Paz thinks this conditioning may 
involve rewiring of the amygdala, 
the part of the brain which controls 
the fear response. Understanding 
this mechanism could lead to 
better treatments for PTSD, he says. 

Happiness gene found in US teens 

FORGET money, fame and looks. 

The best chance of happiness comes 

from two copies of a particular gene. 

That's true, at least, for 2574 

people enrolled in the US National 

Longitudinal Study of Adolescent 

Health, who answered a 

questionnaire about their satisfaction 

with life and underwent genomic 

t ests. This allowed jan-Emmanuel 

De Neve of the London School of 

Economics to establish that 

respondents who had two long 

versions of the 5 -HTTLPRgene 

were twice as likely to say they 

were satisfied with life as those 

with two short versions of the gene. 

5-HTTLPR makes a transporter 

molecule for serotonin, a chemical 

that brain cells use to communicate 

with each other, and the long version 

speeds up its processing (Journal 

of Human Genetics, DOl: 10.1038/ 

jhg.2011.39). 

" Its the first formal finding of a 

happiness gene; · says De Neve, but 

he expects others will be found. He 

also stresses that many other factors 

play into happiness: " If you're unlucky 

throughout life, it will be a more 

important source of unhappiness 

than any particular genes." 
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TECHNOLOGY 

Robots head for 
the high seas 
Automated sailing boats are testing the waters 
and cou ld soon cross the Atlantic Ocean 

jacobAron 

PEOPLE have been sailing the world 
for centuries, but ask a robot to do 
the same and it quickly falls down. 

Last year Mark Neal, a computer 
scientist at the University of 
Aberystwyth, UK, oversaw the 
launch of Pinta, a robotic sailing 
boat that set off from the west 
coast of Ireland in an attempt to 
be the first automaton to cross 
the Atlantic Ocean. His team lost 
communication with the boat just 

"Protei boats have a unique 
design that allows the hull 
to flex in order to best use 
the wind while turning" 

over two days later. The voyage 
was still an achievement: "Forty
nine hours is the longest period of 
unattended autonomous sailing 
that has happened," says Neal. 

When uncrewed aircraft can 
master flight so readily, it might 
seem strange that it is so hard for 
a robot to sail a boat. In fact, the 
challenges are very different. 
"Some of the longest unmanned 
aerial vehicle (UAV) flights are 
a day or two. If something stays 

of the ocean, Neal says. "The boat 
needs to deal flexibly with an 
unpredictable environment," 
says Roland Stelzer of the Austrian 
Society for Innovative Computer 
Sciences in Vienna. Stelzer is in 
charge ofRoboat, an automated 
3.75-metre-long boat that has 
won the World Robotic Sailing 
Championship for the past three 
years by successfully completing 
tasks including a 24-hour 
endurance race and navigation 
between tightly spaced buoys. 

Stelzer puts Roboat's success 
down to its computer "brain", 
which mimics two human sailing 
abilities. One system plots the 
best route by calculating the 
heading that takes best advantage 
of wind speed and direction in 
relation to the destination. 

The other keeps the boat on 
the desired course. It does this by 
considering factors like how far 
the boat is heeling and whether 
waves have pushed it off course, 
and then adjust ing the rudder 
position to make both small 
corrections and sudden turns. 

However, each competition took 
place within 4 kilometres of the 

For more technology stories, visit newscientist.com/technology 

shore. "We had to monitor the 
boat all the time either from shore 
or on a chasing boat," Stelzer says. 

The Pinta is smaller and less 
sophisticated, in case the boat 
is lost at sea. Stelzer's craft might 
be robust enough to cross the 
Atlantic, but he is reluctant to try
losing such an expensive rig 
would be a huge setback. 

Instead, the first robotic sailors 
to spend long periods at sea may 
come from the Protei project, 
which aims to build autonomous 
craft for cleaning up oil spills. 
Conceived by designer Cesar 
Harada, who also leads the 

project, the boats have a unique 
articulated design that allows the 
hull to flex in order to best use the 
wind while turning. 

The hardware is open source, 
meaning that anyone can work 

up for 24 hours, that's a pretty 
outstanding achievement," says 
Neal. In contrast, a useful robo
boat needs to run for months 
using only sails and solar power 
(see "Why build a robot sailor?"). 
During that time the solar panels 
could get caked with salt, the craft 
could be damaged, and barnacles 
and weed could grow on the rudder. 

Why build a robot sailor? 

on or modify the design and help 
solve problems. "It's a collaboration 
with people worldwide 
contributing their best knowledge 
and enthusiasm," says Peim Wirtz, 
who manages the project from 
the V2 centre in Rotterdam, the 
Netherlands. The concepts behind 
Protei have undergone small-scale 
tests, and the team will now build 
a full-scale prototype after raising 
nearly $35,000 on the crowd
funding website Kickstarter last 
month. "We have over 300 backers 
that thought the initiative was 
worth sponsoring," says Wirtz. 

What's more, while UAVs have 
to cope with weather changes, the 
conditions they operate in are 
fairly stable compared with those 

A boat that sails itself would be a nice 
bit of tech. but what are the practical 
benefits? A craft using only sails 
and solar power would be ideal for 
long-term missions, says Roland 
Stelzer of the Austrian Society for 
Innovative Computer Sciences. 

"In the future, autonomous 
sailing boats will be used for tasks 
such as maritime monitoring, 

reconnaissance and surveillance, 
and carbon dioxide-neutral 
transportation of goods.'' he says. 
Robotic sailboats could also operate 
in swarms, allowing them to tackle 
large-scale problems like gathering 
meteorological data in remote 
stretches of ocean or measuring 
water pollution. They could even 
be used to rescue refugees. 

So will we see robots sail the 
seas any time soon? Wirtz hopes 
to complete the Protei prototype 
by September and Pinta will be 
making another transatlantic 
attempt at the same time. "If we 
didn't think it was possible, we 
wouldn' t be trying," Neal says. 
"Someone will do it, and I'd like 
that to be us." • 
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Electric vehicles herald 
rise of the in-car a pp 
The emergence of the electric car is leading to a suite of smartphone add-ons 

Paul Marks 

MINUTES after taking the wheel 
ofNissan's all-electric Leaf car, I 
suddenly understood what "range 
anxiety" is all about. Though I had 
dismissed it as a media-stoked 
affliction of newbie drivers of 
electric cars, there was something 
quite powerful in seeing the car's 
travel range plummeting on the 
electronic dashboard. It set mental 
alarm bells ringing about whether 
or not I'd make it to my destination. 

Starting out with a range of 
144 kilometres, the figure instantly 
dropped to 112 km when I switched 
the aircon on - look, it was a hot 
day, OK? - and driving fast on the 
highway dented the range's rate
ot~decay still further. 
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Switching off the aircon and 
driving in a sluggish "eco mode" 
to make the most of the Leaf's 
regenerative braking system went 
some way towards restoring my 
range. But it was clear that electric 
vehicle (EV) drivers are going to 
need as much help as they can get 
managing range anxiety - at least 
until lithium-ion batteries help 
a car travel further than the 
current upper limit of about 
160 km, and charging posts become 
as common as street lamps. 
Neither is likely any time soon. 

To the rescue, says the EV 
industry, comes a number of 
smartphone apps that will 
communicate with your car, 
helping you squeeze the most 
range from your EV - from 

Loving the pre-warmed seat 

charging it remotely to ensuring 
your seat is pre-warmed on a 
cold morning. 

Apps are already 
communicating with conventional 
cars. David Harold oflmagination 
Technologies, aUK-based 
designer of microchips for in-car 
entertainment systems, says 
technology firms see the car as the 
"fourth screen" into which they 
can sell digital content after the 
TV, computer and cellphone. 

In-car technology providers 
like OnStar of Detroit, Michigan, 
are giving car-makers such as 

"There's nothing like seeing 
the car's range plummet on 
the electronic dashboard 
to set alarm bells ringing" 

General Motors the ability to use 
smartphones to unlock their cars, 
start them and even check their 
tyre pressures via Bluetooth
equipped sensors. Ford and BMW 
are also offering ways to sync 
music and contacts stored on 
smartphones with the in-car 
entertainment system. Ford 
even has a Twitter interface 
in development for its centre
console screen. 

But there is a major difference 
between combustion-engine cars 
and EVs that will affect the type of 
apps available for each. "Electric 
cars are always on. They don't 
need a running engine to produce 
electricity but can tap the power 
from their batteries to do things 
at any time," says To bias Hahn, 
a spokesman for BMW in 
Munich, Germany. 

And that difference lends 
EVs a huge advantage: you can 
communicate with the car when 
you are nowhere near it and get it 
to perform novel functions. Many 
of these are designed to reassure 
users that the car is, or will be, fully 
charged, assuaging range anxiety. 

The first smart phone
controlled function that drivers of 
EVs are getting from the likes of 
Nissan, Renault, Ford and Citroen 
is the ability to initiate charging 
of their cars. Before I tested the 
Nissan Leaf, I downloaded the 
firm's iPhone a pp, Carwings 
(pictured, above right). This lets 
you send a message to the car to 
start its 6-to-8-hour charging 
program- allowing you to choose 
the time of night when electricity 
tariffs are lowest. 

"You can see the car's level of 
charge on the phone screen at 
any time," says David Jackson, 
Nissan's EV project manager. 
"It will also text you if someone 
has unplugged the charger." 

The next level ofEV 
smartphone functionality is 
called "pre-conditioning", which 
allows the user to remotely heat 
or cool the car's cabin to their 
required driving temperature 
before they get in. "The biggest 
power draw with heating or air 
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conditioning is getting the car up 
or down to the right temperature 
in the first place," says Jackson. 
"So if we do that while it's still 
hooked up to the mains we can 
extend the range." Renault 
estimates this improves range 
by about 6 per cent. 

BMW has a further take on 
pre-conditioning: in addition to 
cabin temperature, its Active-E 
and i3 electric cars pre-warm the 
battery itself under smartphone 
control. "A lithium-ion battery 
needs to run in a certain 
temperature range or the energy 
density drops, so we use a liquid 
cooling and heating system for 
the battery pack to get it into the 
right temperature range while it is 
still plugged into the mains," says 

Hahn. Again, range is boosted. 
At Renault UK, Andy He iron, 

head ofEV programmes, has one 
big hope for an a pp on his range
anxiety-reducing wish list. "Our 
vision isofan a pp that lets you 
drive from A to C, stopping at town 
B on the way to use a charging 
post that you have pre-booked." 

It might sound simple, but such 
an a pp would involve meshing 
satnav data with live information 
about charging post availability, 
but also a booking system, a 
payment system, a car ID system
all squeezed cheaply onto a 
smartphone. Heiron wants the 
UK's Office for Low Emission 
Vehicles to help local authorities 
set up live databases of available 
charging stations in their area. 

Many more EV a pp ideas 
will emerge-BMW is investing 
$lOO million in advanced car 
apps, for instance - but there is a 
potential downside: cell phones 
are trackable, so the units being 
built into our cars to communicate 
with apps on our phones will 
render our cars trackable, too. So 
that drivers don't swap range 
anxiety for tracking angst, car
makers will have to secure any 
data they collect from car apps. 
Heiron insists that Renault only 
wants car-performance data and 
is not interested in whether you 
drive to places that you would 
rather keep private. Your partner 
might be, though. • 

Do the right thing - or we kill the car 
Motorists won't have the monopoly 
on in-car apps: a kill-switch a pp 
controlled by Renault will stop some 
misbehaving drivers in their tracks. 

Most EV makers will be selling 
their cars for about £30,000. But to 
spur the nascent EV market, Renault 
will sell its Fluence car for £20,000 
while leasing its lithium-ion battery 
pack (priced at £10,000) to buyers. 
As Renault maintains ownership 
of the battery, it wants to track its 
condition to check that drivers are 
not overusing a fast charger - which 

takes a battery to BO per cent charge 
in 20 minutes, but which can harm 
battery chemistry. 

So an app on the Fluence's built-in 
cell phone beams battery data to 
Renault. 1t will tell Renault if there is a 
problem with the battery that needs 
fixing. But if the lessee is abusing the 
battery, or stops paying the lease, the 
a pp is triggered to stop the battery 
charging at the next attempt. "We're 
then in a stand-off position," says 
Renault's Andy Heiron. ''You've got our 
battery. but you can no longer use it." 
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INSIGHT 

Time to take control of your 
personal information 
THE iPhone secretly tracks your 
location. Amazon has lostyourfiles 
in the cloud. Hackers have stolen the 
details of 100 million customers from 
Sony. This string of revelat ions has left 
many people wondering who they can 
trust with their data. 

Step forward Oavid Wetherall at the 
University of Washington in Seattle and 
colleagues, who are developing tools 
to monitor the data transmission of 
apps and provide easy-to-understand 
"privacy revelations" about each one. 
"There is much value in simply revealing 
to users how they are being tracked," 
says Wetheral l, who presented the 
concept at the HotOS conference in 
Napa, Cal ifornia, this week. 

Whenever you sign up to a website 
or install an a pp, you are potentially 
giving the company behind the service 
access to your personal data - even if 
you don't realise it. Tech companies 
take steps to protect and inform their 
users about data usage, for example 
Apple vets iPhone apps sold through 
its store, and Google's Android lists the 
permissions granted to an a pp prior 
to installat ion. But Wetheral l's team 
believes these don't go far enough. 

The team gives the example of a 
sound-meter app funded by adverts, 
which has access to a phone's 
microphone to monitor sound levels 
and to the internetto down load ads. 
Any a pp with these permissions can 
also record and upload sound without 
the user's knowledge, they say. 

Tools to halt data leaks already exist 
such as WhisperMonitor, an Android 

Static charge provides a clue 
to the age of fingerprints 
JUSTICE will be done more often: a 
new method of fingerprint analysis 
could not only detect prints but also 
reveal when they were made. 

Techniques for capturing a 
fingerprint are far from perfect. 
Besides the well-known method 
of dusting, there are several more 
sophisticated ways of detecting 
fingerprints, but all have limitations. 
Software analysis and chemical 
agents can often enhance a 
fingerprint, but can sometimes 
muddle the pattern instead. And 
while atomic force microscopy can 
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pick up fingerprint residues precisely, 
the technique scans such a small area 
at a time that it can often take hours 
to assemble a single print. 

Now Robert Prance and colleagues 
at the University of Sussex in Brighton, 
UK, have developed a way to capture 
fingerprints by looking at the small 
amount of static charge left behind 
when a finger makes contact with 
an insulating surface such as plastic 
or glass. 

The team passed an electrode over 
two fingerprints on a piece of plastic 
and measured the change in voltage 

app released last week that allows 
users to monitor and prevent outbound 
traffic But Wetherall's team wants to 
predict data leaks before they happen. 
To do so, they are developing an a pp 
that would run in the background on 
smartphones or browsers and analyse 
the flow of information, alerting users 
before an app tries to access data or 
pass it to other parties. Crowd sou rei ng 
user experiences could also help, 
al lowing people who experience a leak 

Who's accessing your data when 
you sign up to web sites or apps? 

as it passed over the surface. Within 
75 minutes, the technique had 
revealed the prints with "comparable 
quality to conventional fingerprint 
images", says Prance. 

By performing the same 
measurement each day for 14 days, 
the team was also able to show how 
the charge decayed over time 

"The technique could rule 
out suspects if it shows 
that their prints were left 
before a crime took place" 

(Forensic Science International, DOl: 
10.1016/j.forsciint.2011.02.024 ). 

While the method still needs to 
be tested on different surfaces and 
under various conditions, Prance 

to warn others against using an app. 
Unknown data access is just one 

problem, however. Trusting companies 
to look after legitimately collected data 
is also a concern, as shown by the Sony 
customers who now find themselves 
at risk of phishing and other types of 
fraud. Millions more passwords were 
also put in danger last week when 
the online password manager service 
LastPass admitted it had suffered a 
potential data breach. 

With password leaks now a regular 
occurrence, a switch to biometric 
"passwords" might be tempting. But a 
study due to be presented at the IEEE 
Symposium on Security and Privacy in 
Oakland, California, later this month 
suggests this can actually make a 
system less secure. 

Lorie Liebrock and Hugh Wimberly 
at New Mexico Tech in Socorro asked 
96 volunteers to create two user 
accounts, one secured by just a 
password, the other by a password 
and fingerprint reader. They found the 
passwords chosen for use with the 
f ingerprint reader were 3000 t imes 
easier to break, potentially making the 
overall security of the system lower 

ffi than simple password use alone. 
! As these latest leaks il lustrate, 
~ believing others will keep your 
~ data secure can have disastrous 
< 
et consequences. jacob Aron • 

says it could be used to work out 
when a fingerprint was made. 

The technique could therefore 
provide clues as to when a crime was 
committed, or exclude people from 
an investigation if their fingerprints 
were made before or after the crime 
is known to have taken place. "This is 
a significant advantage over more 
conventional fingerprint enhancement 
methods," says Glenn Porter, a 
forensic scientist at the University 
of Western Sydney, Australia. 

The main limitation of the 
technique is that it only works with 
prints left on insulating surfaces. If 
a fingerprint is left on a conducting 
material, such as a metal bullet casing, 
the charge deposited would simply 
flow away. Wendy Zukerman • 
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OPINION 

Graven images 
President Obama is showing astute caution in refusing to release 
the photos of Osama bin Laden's corpse, says An drew Silke 

DESPITE many calls for him to 
do so, President Obama has so far 
ruled out releasing photographs 
taken ofOsama bin Laden after 
he was killed by US special forces. 

According to a few who have 
seen them, the pictures are 
graphic and exceptionally 
gruesome. Bin Laden's injuries 
apparently include a great wound 
on his forehead through which 
brain matter is visible and a large 
gaping hole where one of his eyes 
should be. "I think that, given the 
graphic nature of these photos, 
it would create some national 
security risk," Obama said in 
a television interview. "It is 
important for us to make sure 
that very graphic photos of 
somebody who was shot in the 
head are not floating around as an 
incitement to additional violence, 
as a propaganda tool." 

Psychological research 
suggests Obama is right to be 
worried about the impact of 
these photographs. Gruesome 
images pack a powerful emotional 
punch and can deeply affect us 
psychologically. Lawyers in court 
cases are very much aware of this. 
Where they can, prosecution 
teams often try to repeatedly 
expose juries to shocking crime 
scene and autopsy photographs 
of murder victims or the 
aftermath oflethal accidents. 
The lawyers expect that the 
photographs will help to turn 
the jury against the defendant, 
and a growing body of research 
supports this view. 

All other evidence being equal, 
juries exposed to very graphic 
photographs of the dead or 
seriously injured are more likely 
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to convict than juries which do 
not see such images, and are less 
demanding in the burden of proof 
that they need to reach their 
verdict. Colour photographs have 
more of an effect than black-and
white ones. The more graphic the 
image, the more impact it has 
(Behavioral Sciences and the Law, 

vol27, p 273). 
In trying to explain this effect, 

researchers have focused on the 
emotional impact of such images. 
Gruesome pictures lead to 
increasing emotional arousal 
in viewers, with the emotions 
experienced including anger, 
fear, anxiety and disgust. As 
the emotional intensity rises it 
is accompanied by a decline in 

frontal lobe cognitive functioning. 
Cooler, objective consideration 
of the evidence and issues is 
undermined. Crucially, juries are 
largely unaware of their changing 
perspectives - in self·assessments 
they rate themselves just as 
rational and objective as jurors 
who have not seen the images. But 
their verdicts tell a different story. 
These findings have led to calls 
for a ban or at least a substantial 
restriction in the use of graphic 
images in court cases. 

As well as the increase in 

"Releasing images of 
bin Laden's corpse will 
increase support for 
militant groups" 

emotional arousal, part of the 
reason why gruesome images 
have such an impact can be traced 
to what psychologists refer to 
as "mortality salience". This can 
be provoked by a number of 
factors, but one of the clearest is 
exposure to death-related imagery. 
Graphic photographs of those 
who have suffered violent deaths 
unquestionably fall into this 
category, but even far more subtle 
images can bring on the effect. 

Mortality salience has a 
number of psychological effects. 
After exposure to death-related 
images, people will usually feel a 
greater pride in and identification 
with their country, religion, 
gender, race and so on. They 
experience exaggerated 
tendencies to stereotype and 
reject those who are different 
from themselves. The group they 
belong to is even better than it was 
before, even more worthy of 
support. Rivals are diminished, 
less deserving of sympathy or 
compassion. Those who are 
perceived as different or as a 
threat are regarded with hostility. 

These changes in attitude and 
perceptions are linked to changes 
in behaviour. Some of these are 
relatively subtle, such as sitting 
closer to a person who shares 
one's culture, while moving away 
from those seen as foreigners. 
Others are starker, including 
increased physical aggression 
towards anyone critical of one's 
cherished beliefs. 

Critically for the bin Laden 
case, mortality salience has also 
been found to lead to an increase 
in support for extremism linked 
to group identity. For example, 



More at magazinesdownload.com or ebook-free-download.net

Comment on these stories at newscientist.com/opinion 

one study found that it caused 
white Americans to show more 
sympathy and support for other 
whites who expressed racist 
views. In the Middle East, 
researchers found that Muslim 
students under mortality 
salience conditions expressed 
more support and sympathy for 
suicide bombers, and a greater 
willingness to carry out such 
attacks themselves (Personality 
and Social Psychology Bulletin, 
V0l32, p 525). 

Releasing images of bin Laden's 
corpse will provoke this effect 
across the world, many parts of 
which are already unsympathetic
if not downright hostile - to the 
US. Among people who identify 
withAl·Qaida, the images can be 
expected to increase sympathy 
and support for militant groups, 
especially ones that claim to be 
the defenders of cultural identity. 
Linked to this will be increased 
hostility towards the enemies of 
that identity - the US and its allies, 
in other words - and an increased 
willingness to engage in violence. 
In short, the risks in many parts of 
the world would go up. 

Yet it is also important to 
note that releasing the images 
would have some benefits. 
Within the US, release would 
likely be associated with increased 
support for the president and the 
government. Obama's approval 
rating among Americans has risen 
six points since bin Laden's killing 
was announced. Release of the 
images would probably push it 
a few points higher, at least for 
a short while. 

Even so, Obama is right. Writing 
in 2005, the new commander of 
Al·Qaida, Ayman al-Zawahiri, 
reminded his followers that they 
were in a" media battle for the 
hearts and minds" of the Muslim 
world. The Americans are also 
locked in this battle, and in 
holding the photos back Obama 
is showing astute caution. • 

Andrew Silke is professor of criminology 
and director of terrorism studies at the 
University of East London, UK 

One minute with ... 

james Gillies 
In the age of Twitter and blogs, it's impossible to stop leaks about 
possible blockbuster discoveries, says CERN's press chief 

A recent blog post reported that the Higgs 
boson had been found, based on information 
leaked from one of the experiments at CERN's 
Large Hadron Collider. Are leaks really such 
a bad thing? 
What happened is that an early stage of an analysis 
was leaked. If something is leaked and then turns 
out to be untrue, it gives the impression that we 
don't really know what we are doing, whereas this 
is just part of the normal analysis process. 

What should have happened before this 
information was made public? 
In particle physics you have small working groups 
that do an analysis that t hey then put out to a 
larger part of the col laboration for scrutiny. Very 
often it won't get beyond that. If it does, then the 
analysis goes out to the whole collaboration for 
scrutiny. That can be the end of the story, but if it 
passes that test it goes to the wider community 
for discussion - but again, it may not survive the 
external clearing process. 

With huge collaborations of physicists, 
it must be impossible to stop leaks. 
I personally think it's inevitable that information 
will come out.lt's part of the nature of the field. 
We are very open in particle physics. There are 
3000 people in these collaborations and in excess 
of 100 institutions. 

Will the leaks lead to a witch-hunt at CERN? 
I wouldn't go as far as that but people wi 11 want to 
know what has happened and ensure t hat it won't 
happen again. 

What is supposed to happen if someone 
really does find the Higgs at the LHG 
We have devised a protocol for dealing with a 
blockbuster result. If one of the collaborations 
has a result to announce, they inform the director 
general of CERN. This sets in motion a chain of 
events. Other experiments with potentially the 
same physics are given the chance to confirm the 
findings. If the result is big enough, like discovery 
of a supersymmetric particle or the Higgs boson, 

PROFILE 
James Gillies is head of communication at CERN, 
the European particle physics laboratory near 
Geneva, Switzerland. He holds a PhD in physics 
from the University of Oxford 

we inform the heads of other laboratories and 
all our member states that this is coming, and 
organise an announcement seminar at CERN. 

If the Higgs is found at the LHC, who will 
get credit for discovering it? 
That's a difficult question. You can't point to a 
sma 11 number of individuals in the way that you 
could in the past Take the last Nobel prize CERN 
won for experimental particle physics. Everyone 
would agree that the two recipients, Carlo Rubbia 
and Simon van der Meer, merited it. Even though 
hundreds of people were involved in that project, 
those two people really made it happen. There 
isn't a similar situation today. 

Has any good come from the leaks? 
Since the recent leak aboutthe Higgs I have had 
lots of conversations with journalists who want 
to understand the process of discovery in particle 
physics. That's an extremely good thing. The fact 
that the level of interest is so high is a positive for 
us and something that we should embrace. 
Interview by Valerie jamieson 
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OPINION LETTERS 

Tortoises and hares 
From Ivan Erill, University of 
Maryland, Baltimore County 
The idea that fast evolution is 
the norm (2 April, p 32) doesn't 
wash. Researchers in the field 
do consistently observe rapid 
evolution because that is all the 
evolution that can take place in 
the short time spans they are 
looking at. But a rapid-evolution 
model is not well suited to 
explaining the gradual divergence 
and specialisation of gene 
sequences, or the generation of 
completely new protein products 
and adaptations. 

Both of these aspects are aptly 
addressed by the" slow" model 
of evolution. Most tellingly, the 
examples of rapid evolution cited 
involve deletion, reinstatement 
or duplication of existing traits 
and upregulation - the increased 
expression of an existing gene. 

These constitute basic rewirings 
of the developmental genetic 
circuitry, but I believe that most 
biologists would be hard-pressed 
to count these examples of rapid 
evolution as genetic "innovation". 

In other words, slow evolution 
is still the norm; it just takes time. 

Baltimore, Massachusetts, US 

From Ben Hailer, McGil/ University 
I'd like to praise you for your 
recent article on rapid evolution. 

It was well written and 
interesting, got the facts right, 
didn't lead with a "Darwin was 
wrong!" teaser and it quoted 
evolutionary biologists. 

The cover picture was beautiful, 
too, although I can't resist a little 
nit-picking; Stephen Jay Gould 
would have been displeased by 
its implication that humans are 
the pinnacle of evolution. 
Montreal, Canada 

Wedding rows 
From David Cole 
I first took Geoffrey Miller's piece 
on the role of mating intelligence 
in the courtship of Prince William 
and Kate Middleton (23 April, p 36) 
to be a spoof. 

Reading on, I realised it was 
an intentional panegyric, being 
highly selective with the 
attributes of both and stretching 
a point well beyond credulity. 

It is not surprising that two 
individuals of privilege, meeting 

Enigma Number 1646 

All lined up 
BOB WALKER 
lnjoe's brother's orchard of 221 apple trees, the trees in the rows, and the 
rows of trees, are spaced 15 feet apart. Oneday,joe was standing in line 
with the trees in one row on the edge of the orchard just 80 feet from the 
corner tree. Looking along the row he could see a line of seven trees and, 
when he had turned right round, a line of six trees. As he turned round 
slowly, he noticed that in many other directions two or more trees 
appeared in line. He counted the number of t imes this was so. 

What was joe's total? 

WIN £15 will be awarded to the sender of the first correct 
answer opened on Wednesday 15 June. The Editor's decision is final. 
Please send entries to Enigma 1646, New Scientist Lacon House, 
84 Theobald's Road, London WC1X 8NS, or to enigma@newscientist.com 
(please include your postal address). 
Answer to 1640 Four-cast: the lowest number is 1324, the highest 4231 
The winner Rosemary Nolan of Sunderland, Tyne and Wear, UK 
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at an "elite" university and with 
sufficient in common, struck up 
and consolidated a relationship, 
however tortuous the process 
might have been. 
Dunmow, Essex, UK 

From Bob Fryer 
I noted in your editorial on royal 
nuptials that the much-publicised 
wedding was of a "probable future 
king and queen of England". 

Does that mean that here 
in Scotland we shall be free to 
re-establish the Stuart dynasty, 
should we so choose? 
Comrie, Perthshire, UK 

Take a torch 

From Howard Messing 
Regarding the "Lonesome galaxy" 
feature (2 April, p 37). In terms of 
what you can see with the naked 
eye, for the most part the universe 
is already a dark, lonely place. 
The only reason we see anything 
at night this way is because we 
are located in a galaxy that is 
itselflocated in the middle of 
a group of galaxies. 

Other than the stars in the 
Milky Way, without a telescope 
pretty much all we can see is four 
or five barely visible galaxies. 

And the only reason we can see 
them is because they are part of 
the Local Group of galaxies, which 
are nearby and gravitationally 
bound to us. 

If you were suddenly 
transported to a random spot 
in the universe, the chances 
are that the sky would be 
completely dark. 
Westwood, Massachusetts, US 

Don't call us 
From Michel julier 
The hypothesis of competition 
for resources on a cosmic scale 
creating the conditions for the 
evolution of discreet extra
terrestrials (16 April, p 19), who 
lie low to avoid exploitation, 
is interesting but speculative. 

There is another possible 
reason for ET staying quiet -
our biologies could be different 
and contact could be a hazard. 
H. G. Wells, in 1898's The War of 
the Worlds, suggested Martian 
invaders would be killed by 
terrestrial bacteria. But he hadn't 
imagined there would be Martian 
bacteria. If two different biologies, 
each with its own bacteria, should 
meet, it's anyone's guess which 
one would survive. 
Montpellier, France 

Battle of wills 
From Derek Bolton 
I accept Francis Crick's suggestion 
that we "are nothing but a pack of 
neurons" and that free will is an 
illusion, as mentioned in New 
Scientist's feature (16 April, p 32), 
yet I do hold people morally 
responsible for their actions. 

This is because I care not so 
much about what free will means 
philosophically, as about practical 
consequences. If someone is 
considered not responsible then 
you do not punish them, yet 
punishment makes sense even 
without free will. Threats of 
punishment, reasoned argument 
and promised rewards are all 
inputs to the automaton that is 
the human mind. They can and 
do alter behaviour. 

A society that relinquishes 
belief in free will can still justify 
its systems oflaw and order. 
Sydney, Australia 

Roger Taylor 
The universe is patently 
deterministic, though that 
knowledge gets us nowhere as 
the "chain" of cause and effect-
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including such "unfinished 
business" gems as the causes of 
quantum uncertainty - goes back 
to the big bang, or whatever it was. 

Plus, chaos theory being 
what it is, we will have to 
know everything about every 
fundamental particle in the 
universe in order to predict its 
future state, so let's hope there 
isn't a solitary pi or root 2 
knocking about anywhere. 

So, while the universe is 
deterministic, free will is a 
good working approximation. 
Wirral, UK 

lain Petrie 
As far as I'm concerned, even 
when neuroscientists fully 
understand the function of every 
neuron in a brain and can explain 
and predict every firing and map 
every connection to every other 
neuron, we would still have no 
idea how consciousness is created. 
At present science cannot explain 
qualia, our subjective experience 
of colours, sounds, sensations. 
The workings of consciousness 
remain a mystery. 

Only when neuroscience 
can tackle the hard problem 
of consciousness will its 
deterministic suppositions 
be even a remote threat to our 
understanding offree will. 
Hatfield, Hertfordshire, UK 

Keep it low-rise 
From Mark Harvey 
I enjoyed the feature on rebuilding 
civilisation from scratch 
(26 March, p40). I applaud the 
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idea that we would stop using 
expensively treated drinking 
water to flush away waste. I'd like 
to add another: I believe we waste 
energy in constructing and 
operating buildings more than, 
say, 10 storeys high. At the same 
time we are faced with energy 
constraints and increasingly 
obese populations. 

Why transport all that material, 
fittings and furniture up to the 
clouds, pump water to the top, 
put us in boxes and spend the 
next so years winching us all up 
and down? Why not build on a 
human scale and use the stairs. 
Hanoi, Vietnam 

Your plate or mine? 
From Linda McKee 
With regard to the article "Rule 
book rewrite for megaquakes" 
(23 April, p 6), your diagrams 
seem to refer to the wrong plate. 
I thought Japan was part of the 
Eurasian plate, not the North 
American plate. 
Edinburgh, UK 

• The editor writes: 
Views on which is the correct 
plate differ among geologists. 
New Scientist went with the North 
American plate because that's 
what the US Geological Survey 
indicates on its maps. 

Blood money 
From Neil Reed er 
Good to hear that scientists have 
caughtontotheideathatpaying 
for results can backfire (9 April, 
p 40), even if it is rather late in 
the day. The Gift Relationship 
by London School of Economics 
academic Richard Titmuss, 
published in 1970, gained classic 
status for arguing that blood 
donation is largely altruistic 
and paying donors could be 
counterproductive. 

More recently, economist John 
Kay's book Obliquity (Profile 
Books, 2010) compellingly showed 

that great financial success is 
often best achieved by aiming 
for something else, not least 
the thrills of invention and 
competition. The recent financial 
crisis has led to some soul 
searching; economics is not 
always the "monolith profession" 
that some would like it to be. 
London,UK 

What a way to go 
From Ted Webber 
Having read about the success of 
cockroaches (16 April, p 40), can 
I suggest one method of control. 
Whenever I leave my glass with 
red wine dregs on the kitchen 
bench overnight, there is sure 
to be at least one drowned roach 
in it the next morning. The 
beneficial effects of red wine 
compared with white, which 
roaches avoid, are thus proven 
beyond reasonable doubt. 
Buderim, Queensland, Australia 

Swear it's true 
From A lee Cawley 
The "urn" and "er" hesitation 
sounds analysed by Richard Aslin 
(23 April, p 27) are particularly 
useful to polite speakers of 
English. The choice between "an" 
before a word starting with a 
vowel and "a" before a consonant 
is tricky for those still thinking 
about what to say, so polite 
people drop in such vowel-based 
hesitations, allowing them to 
safely plump for a preceding "an". 

The swearier among us, of 
course, would rather drop in a 
short expletive, which invariably 
starts with a consonant and 
therefore demands an "a". 
Newbury, Berkshire, UK 

On the button 
From Marshal/ Deutsch 
In his letter on the evolution 
of fingers and thumbs (9 April), 
Chris Owen describes how 

members of an older generation 
press doorbells with their index 
fingers, while those from 
"generation Y" almost universally 
use their thumbs. However, those 
of us familiar with the story of 
how guests on one floor in a Hong 
Kong hotel apparently infected 
each other with SARS via an 
elevator button, now push 
buttons with a knuckle or a 
prosthetic device such as a pen. 
Sudbury, Massachusetts, US 

Chewing it over 
From AI Crooke 
In your article "Higgs could die 
a colourful death" (16 April, p 8), 
there appear to be two containers 
of captured technicolour particles 
that would make the Higgs 
unnecessary in the right 
foreground of the photo. Perhaps 
all the technical personnel are too 
focused on the Tevatron display to 
notice the target of their search 
under their noses. 
Tampa, Florida, US 

• The editor writes: 
... or maybe they've all got a 
sweet tooth? 
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Letters to the Editor, New Scientist 
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OPINION THE BIG IDEA 

We've made a world 
we cannot control 
Our world is now so technologically and socially complex that 
the Enlightenment thinking that spawned it may be more 
harmful than helpful when it comes to guiding our actions, 
say Braden R. Alien by and Daniel Sarewitz 

SOON after the combination of an earthquake 
and the resulting tsunami destroyed the 
Fukushima nuclear power plant in Japan earlier 
this year, opposing sides began to mobilise 
their standard arguments to reach foregone 
conclusions. Obviously, the disaster showed 
that nuclear power was insanely risky and 
should be abandoned. Equally obviously, new 
reactors will be designed to avoid such risks 
and will be crucial for meeting the planet's 
growing energy and environmental demands. 

These opposing positions are predictable, 
but they are also incoherent, unintelligible 
and entirely unhelpful in navigating the 
complexities of our technological age. In The 
Techno-Human Condition, we argue that this 
unintelligibility comes from a failure to 
distinguish between the different levels of 
technological complexity, and a resulting 
confusion about the limits of rational action 
in the world. 

At its simplest level, technology is 
designed to perform a particular function 
whose key attributes are integral to the 
technology itself. Complicated as it may be, 
a nuclear reactor is an engineered system 
that delivers base load electrical energy with 
high reliability. The technology is the 
function. In our book, we call this Level I. 

At Level 11, a technology is part of a 

PRO ALE 
Braden R. Alien by is Lincoln Professor of Engineering 
and Ethics and professor of civil and environmental 
engineering at Arizona State University, Tempe. 
Daniel Sarewitz is professor of science and society 
and eo-director of the Consortium for Science, 
Policy and Outcomes at ASU. Their book The 
Techno-Human Condit ion is published by MIT Press 
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complex network. The reactor, for example, 
is linked to the electricity grid upon which 
people depend for theii rwell-being. But the 
grid in turn is linked to other complex 
networks, for manufacturing, transportation, 
information and communication, and so on. 

At Level Ill, complexity becomes 
pervasive - integrated in ways that can never 
be fully understood, with an array of human, 
built and natural subsystems creating the 
adaptive systems which increasingly 
characterise Earth. Here, nuclear power 
intersects with the motion of tectonic plates, 
as well as with cultural and social forces such 
as fear of global climate change and demands 
for rising standards ofliving. 

This three-level classification makes 
explicit what is otherwise often concealed. 
Level I considerations, and to a lesser extent 
Level 11 concerns, dominate our thinking. 
We create, understand and experience 
technology at these levels, we evaluate the 
viability, desirability and risk of technology 
at these levels, and the complexity does not 
overwhelm us. 

Level III effects are no less real, but tend 
to get swept under the rug as "unintended 
consequences" that come from beyond the 
Level I and 11 world we consciously seek to 
create. Yet Level Ill effects, the complexities 
of the anthropogenic Earth, are an inescapable 
consequence of the technological evolution 
of human society. 

Humanity's commitment to technological 
change is a commitment to the creation 
of more uncertainty, contingency and 
incomprehensibility. Indeed, you are 
surrounded by and are at this very moment 
being profoundly changed by Level Ill systems 
whose implications you cannot fathom. With 

input from tablet computers, camera phones 
and walls of dancing video, and with much of 
your memory outsourced to Google and your 
social relations to Face book, you now embody 
the accelerating charge of the Five Horsemen 
of converging technology- nanotechnology, 
biotechnology, robotics, information and 
communication technology, and applied 
cognitive science - whose cumulative potency 
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will transform the human-Earth system 
in ways that are impossible to predict. 

As with nuclear power, current debates 
and policy responses tend to polarise. Some 
see salvation in the Five Horsemen, others a 
juggernaut that drains humanity of dignity 
and free will. These dialogues are, frankly, 
not only simple-minded but increasingly 
dysfunctional. Having created a technological 

The disaster at Fukushima prompted only 
polarised, stereotypical responses 

world, we desperately need to work out how 
to better understand it, and how to live in 
it rationally, responsibly and ethically. 

The techno-pessimist critique overlooks 
the fact that technologies are popular because 
they work, often performing crucial functions. 
The vaccinations I am given as a child alter 
my immune system so I can expect to live 
to old age; my phone tells me the time, takes 
pictures and presents augmented reality 
commentary on London; a plane flies me from 
New York to London with remarkable safety. 

The techno-optimist critique, however, 
overlooks the often problematic, systemic 
impacts of technology: vaccines change 
expectations about survival and contribute to 
global and regional demographic challenges; 
cell phone technology dramatically reduces 
privacy and subtly transforms cognitive 
patterns; planes can be vectors of disease. 

Our science and engineering, our ways of 
reasoning and our ethical frameworks, even 
our notions of individuality and free will, all 
assume a Level I world in which we are able 
to map discernible cause-and-effect relations 
onto our actions and our plans. But we have 
bad news: these tools, the defining aspects 
of human identity and ambition, apply only 
weakly at Level II, and when it comes to Level 
Ill they can be more harmful than helpful. 

This is a scary, potentially destabilising, 
idea for a culture weaned on Enlightenment 
notions of rationality, but it's where, 
ironically enough, our rationality has taken 
us, via the incredible potency and complexity 
of the technological systems that rationality 
has enabled us to create. However you may 
feel about the kinds of Level I technologies 
that the Five Horseman may soon have to 
offer - about brain-machine interfaces that 
make us smarter, about intelligent cyborg 
insect robot swarms that infiltrate our 
enemies, about organ farms to keep us from 
dying, and about factory meat to feed us 
there is little question that the cumulative 
result will be a new level of complexity that 
we cannot yet begin to comprehend. 

We are not the "knowledge society"; that's 
Level I talk. We are in fact an ignorance 
society, continually creating more and more 
ignorance as we busily expand the complexity 
of the anthropogenic Earth. But our ignorance 
is nota "problem" with a "solution": it is 
inherent in the techno-human condition. 

The world we are creating thus demands a 
transition from our almost paranoid societal 

obsession with Level I certainty and coherence 
to acceptance that Level III uncertainties and 
contradictions are the essence of the world we 
have already made. The question now is how 
to enable rational and ethical behaviour in a 
world too complex for applied rationality, how 
to make our ignorance an opportunity for 
continual learning and adjustment. 

This necessary evolution does not demand 
radical changes in human behaviour and 
institutions, but the opposite: a courageous 
realisation that the condition we are always 
trying to escape- of ignorance and 
disagreement about the consequences of our 
actions - is in fact the source of the imagination 
and agility necessary to act wisely in the Level 
III world. The basic civil commitments of 
democratic societies, designed to mediate 
uncertainty and disagreement, offer the 
foundation for our institutions to evolve in the 
necessary direction. 

But they will need help. We have to become 
a lot smarter in moving ourselves and our 
institutions oflearning and innovation, of 
political and economic decision-making, out 
of their Level I playrooms. This transition will 
require us to increase the diversity of world 
views involved in creating and assessing our 

"What we believe 
most deeply, we must 
distrust most strongly" 

technological activities. It asks us to create 
more richly imagined futures, seeded with 
more potential choices, so that we have 
improved opportunities to learn from and 
respond to the choices we are making. 

Fortunately, there are plenty of examples 
to build on, from farming communities 
that know how to hedge against uncertain 
climate conditions, to aircraft carriers that 
build continual learning and improvement 
into their operations, and innovative 
corporations that use scenario planning 
to survive market unpredictability. 

Humans may be the new design space, 
but we also remain the holders of moral 
responsibility for the anthropogenic world. 
The challenges of accelerating technological 
change and rapidly increasing complexity are 
inherent in our age. Thus, our final suggestion 
is that to participate ethically, rationally and 
responsibly in the world we are creating 
together, we must accept fundamental 
cognitive dissonance as integral to the techno
human condition. What we believe most 
deeply, we must distrust most strongly. • 
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The next 
wave 
What technologies will have the 
biggest impact on the next decade? 
New Scientist peers into the crystal ball 
and picks the ideas, concepts and 
gadgets that are set to shake things up 
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ROBOTRAVEL 
Will disrupt: travel, workplace, 
care, social rules 

You wouldn't rest yourfeet on a colleague during a meeting. 
But what if your workmate was a robot controlled by a 
eo-worker many kilometres away - would it still be rude? 

This is typical of the new etiquette questions that will 
be raised by remote-controlled telepresence robots, which 
allow you to transport your"self" anywhere in the world to 
take a look around. A roving version of you, these robots 
could alter the way we travel and interact with each other. 

Today's telepresence robots, such as VGo Communication's 
VGo and the Anybots' QB, are simple video screens on 
wheels, with a camera and microphone to allow their driver 
to move them around their surroundings and talk to people. 
The devices can be operated through a web browser. 

While it may seem gimmicky, the fact that telepresence 
robots offer their controllers a mobile physical presence 
in another place has a powerful influence on social 
interactions. "They help to foster a closer connection;· says 
Katherine Tsui, a robotics researcher at the University of 
Massachusetts Lowell. Video-conferencing has already 
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changed the way businesses operate and the "closeness" 
of remote communication. Telepresence is the next step. 

The robots could radically improve the lives of people who 
are housebound too. Leila Takayama at robotics company 
Willow Garage in Menlo Park, California, has been studying 
how old people respond to the technology. They embraced 
the idea of getting out and walking around a park or museum. 

If telepresence catches on, it could create new social rules. 
For one, you can't screen a visit from a robot like you would a 
phone call - the controller's face is there peering at you. "lt's 
one thing for someone not to answer your email or phone 
call, but it's anotherforthem to ignore you when you walk 
up to them as a robot and start a conversat ion," says Tsui. 

We are also used to treating machines with less respect 
than a human, so where will this technology leave concepts 
like personal space and harassment? If you turn down 
somebody's volume or push them over, will that break 
acceptable social norms? Helen Knight 

Lexicon of tomorrow: TELL V 
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-verb 
To operate a telepresence robot Eleanor tellied 
in for her job interview 
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EVOLVED 
INVENTION 
Will disrupt: R&D, inventing 

We are on the cusp of a new era in the history of invention. 
That's the implication of software that can automatically 
"evolve" technology, and create designs that often no human 
would come up with. it's already transforming fields as diverse 
as robot locomotion, computer security and drug design. 

Genetic algorithms mimic natural selection by describing 
a design as if it were a genome constructed from segments. 
Each segment describes a parameter of the invention, varying 
from its shape, say, to much finer grained aspects, such as 
electrical resistance or a chemical's molecular affinities. By 
randomly changing some segments- or "mutating" them -the 
algorithm improves the design. The best results are then bred 
together to improve things further. 

"lt's not always clear why the 
invention works. No human 
would come up with it" 

Until now your average desktop computer didn't have the 
processing power to crunch through millions of generations 
and chuck out the undesirable mutants. That's now changed, 
so genetic algorithms are poised to have a profound effect on 
R&O, says John Koza at Stanford University in California, who 
has pioneered their use in engineering design. He has "bred" 

designs for efficient radio antennas this way. What's really 
interesting, he says, is that it is not always clear why the 
evolved invention works: no human would have come up with 
his antenna's weird, zigzag shape. ln addition, software can 
be set to design around existing patents. 

Evolved invention is catching on in all sorts of fields, says 
Robert Plotkin, whose 2009 book Genie in the Machine 
tracked the rise of the technique. Drug discovery firms are 
becoming big users, for instance, evolving new molecular 
mechanisms to reach receptors no human would have 
thought of. The technique has also been used to improve the 
walking gaits of robots. "Most of the evolved inventions are 
not necessarily dramatic- but they are producing a steady 
stream of improvements," says Hod Lipson, a roboticist at 
Carnegie Mellon University in Pittsburgh, Pennsylvania. 'The 
big picture is that they are having a profound cumulative 
effect in accelerating innovation." 

Still, don't expect to hear inventors admitting they use 
genetic algorithms anytime soon: they will likely still take 
the credit for the work, says Lipson. Paul Marks 

Lexicon of tomorrow: EVO 
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-noun 
An invention created by a genetic algorithm. 
Sean patented his evo 
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30 PRINTING 
Will disrupt manufacturing, food, medicine, shopping 

lt"s early evening and you pull the car 

into the drive of your new home that 

was erected in just two days. Since it is 

your wife's birthday, you are clutching 

a personalised gold necklace that you 

picked up from the printer. For dinner 

tonight, you won't need to do any 

chopping or peeling- ingredients just 

go straight into your kitchen fabricator. 

Creating objects, buildings and 

food on demand will soon become 

commonplace, thanks to 3D printing. To 

produce an object, a 3D printer pipes out 

the chosen material- metal or plastic, 

say- one thin layer at a time to build up 

the required shape. Early printers used 

plaster or resins, which were sometimes 

brittle or slow to dry. New materials, 

such as ABS plastics and photo polymers, 

offer greater flexibility and robustness 

to help 3D printers create a wider variety 

of objects. 

Smaller scale 3D printing is already 

used for making personalised jewellery 

and customised industrial parts. And it 

is increasingly being employed on a 

grander scale- for example, in trial 

projects where buildings are constructed 

by huge gantry robots that pour 

fast-setting concrete. 

Biofabrication is also being combined 

with 3D printing to produce artificial 

bones. Sangeeta Bhatia, at the 

Massachusetts Institute of Technology, 

who has created tissue that can be used 

to bioprint human livers, knows what she 
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BRAIN-MACHINE 
MERGERS 
Will disrupt: medicine, human abilities 

Of all the ways that we have been aided by technology, 
forging a direct link between our brains and computers is the 
most int imate yet Brain-machine interfaces (BMI) are poised 
to challenge our notions of identity, culpability and the 
acceptable limits of human enhancement 

BM Is work by eavesdropping on the electromagnetic signals 
generated by your brain. Invasive forms involve implanting 
electrodes into the grey matter or beneath the skull, and so 
far have been tested in a handful of paralysed people. Various 
groups are working on developing wheelchairs, robots and 
computers that can be controlled by brain signals alone. 
Krishna Shenoy of Stanford University is developing 
algorithms to improve the accuracy of implants for control ling 
a cursor on a screen. He believes BM Is will soon match or 
even surpass tradit ional ways to control computers. 

Non-invasive techniques record electroencephalogram 
(EEG) signals along the scalp. These brainwaves have been 
used for playing games, steering a car and even to allow 
soldiers to communicate "telepathically''. 

As they become more widespread these technologies 
will raise ethical questions. Medical ethicist jens Clausen 
of TUbingen University in Germany points out that training 
people to generate the appropriate neural signals to control 
machines might have effects on mood and behaviour, as well 
as memory and speech. There is also the issue of culpability. 
Could a future criminal blame their behaviour on an implant? 

Fortunately, similar questions have been tackled in the past, 
says Clausen. Behavioural side effects are common in 
medicine. And we already have technologies where 
responsibility is not always clear cut. Fault in a car accident for 
instance, could lie with the driver, manufacturer or mechanic. 

In principle, BM Is might eventually boost mental function, 
such as memory, by connecting to an external information 
processor that augments cognition. This is ethically much 
more problematic, as such changes might lead to changes in 
the individual's preferences and ult imately their sense of self. 

One of the key questions to emerge will be how widely 
BMis should be used. To what extent should healthy people be 
allowed to enhance their brain power? And will they want to? 
AI ready, many deaf people have resisted cochlear implants to 
improve their hearing because they don't regard deafness as 
a disability. Brain implants that surpass natural human limits 
could even create elites and underclasses. The wealthy can 
already buy access to expensive medical treatments, so it 
would hardly be without precedent. Nic Fleming 

Lexicon of tomorrow: EXOCORTEX 
llllllll lll lll llll llll llllllllllltll lllll llllll ll llllll llllllllllllll llllllllllllll llllllllllllll llll lllllliiii UII IIIIII IU 

-noun 
An artificial external information processor that augments 
the brain's high-level cognition. julia used her exocortex 
to access the memory of her tenth birthday 
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TEXT MINING 
Will disrupt: forecasting, 
government policy, marketing 

For around 20 years. starting in the 1980s. the 
political scientist Phi lip Tetlock sought predictions 
from people considered knowledgeable. His experts. 
280 of them. were the kind of folk who, in their work 
as TV pundits or government advisors. opined on 
matters such as the rise of China or security in the 
Middle East. As t ime passed. he checked their 
forecasts. The results were dismal. "Human beings 
who spend their lives studying the state of the 
world ... are poorerforecasters than dart-throwing 
monkeys," wrote one reviewer of Tetlock's work. 

Not so for a powerful new method of forecasting 
called "text mining". lt draws on the vast amount of 
data available online. By sampling the sentiments 
expressed in the torrent of blog posts. tweets and 
Facebook updates. you can gain unprecedented 
insights into the mood of the world and use it to 
predict what is to come. 
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"Forecasters are worse 
than dart-throwing 
monkeys. Not so for a 
method that gauges 
sentiments online" 

Researchers have already developed a measure of 
national anxiety levels powerful enough to improve 
forecasts of stock market movements. Others have 
used Google search queries as a forecasting tool. 
Many searches for certain job-related terms. for 
example. indicates that unemployment is rising. 

Thafs just the beginning. Several companies are 
now archiving whole swathes of the internet in a bid 
to create more powerful forecasting. WiseWindow. 
based in lrvine. California, claims to monitor opinions 
expressed by over 77 million people on Facebook 
and other social media sites. The firm mines the 
data for clues to consumer sentiment and emerging 
trends. which companies buy in the hope of getting 
an edge over compet itors. Such companies' 
forecasts have not been tested in depth, at least not 
publicly. But if these endeavours prove as successful 
as the studies based on tweets and search terms. 
forecasting could get a lot better. 

This could be good news for all of us. If 
governments can get a better handle on economic 
trends, for example. they might be able to nip 
recessions in t he bud. Could an early-warning 
system based on social media have helped to 
prevent the financial crisis of 2008? Ifs too early 
to make such a bold claim, but the work done so 
far suggests that t he idea is not fanciful. 

Yet there is also a down side. The blog posts and 
tweets in which we share our thoughts and feelings 
are all now a target for advertisers. We are all part of 
a vast market research project whether we like it 
or not. jim Giles • 

Lexicon of tomorrow: 
SENTIMENT ANALYSIS 
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-noun 
A method for gauging the real-time emotions 
and opinions of a demographic or region using 
text mining. The political onolyst performed a 
sentiment analysis of tweets in Virginia ahead 
of the election 
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COVER STORY 

This might come as a 
shock, but everything you 
think is wrong. Much of 
what you take for granted 
about day-to-day existence 
is largely a figment of your 
imagination. From your 

L---=~~~:=:~~::;:;;~~~ senses to your memory, 
your opinions and beliefs, 

~~~~~:=:::!::=1 how you see yourself and 
others and even your sense 
of free will, things are not 
as they seem. The power 
these delusions hold over 
youisstaggering,yetas 
Graham Lawton discovers 
over the next 7 pages, 
they are vital to help you 
function in the world > 
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WHAT YOU SEE IS 
NOT WHAT YOU GET 

Your senses are your windows on the world, 
and you probably think they do a fair job at 
capturing an accurate depiction of reality. 
Don't kid yourself. Sensory perception 
especially vision - is a figment of your 
imagination. "What you're experiencing 
is largely the product of what's inside your 
head," says psychologist Ron Rensink at the 
University of British Columbia in Vancouver, 
Canada. "It's informed by what comes in 
through your eyes, but it's not directly 
reflecting it." 

Given the basic features of your visual 
system, it couldn't be any other way. For 
example, every 5 seconds or so, you blink. 
Yet unless you're thinking about it, as you 
probably are right now, you don't notice the 
blackouts because your brain edits them out. 

Blinking is just the tip of the iceberg. 
Even when your eyes are open they're only 
taking in a fraction of the visual information 
that is available. 

In the centre of your retina is a dense patch 

Only a tiny fraction of 
your visual f ield is 
captured in colour 
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of photoreceptor cells about 1 millimetre 
across. This is the fovea, the visual system's 
sweet spot where perception of detail and 
colour is at its best. "When you move away 
from the fovea, visual acuity falls away really 
quickly, and colour vision disappears," says 
Rensink. About 10 degrees to the side of the 
fovea, visual acuity is only about 20 per cent 
of the maximum. 

What that means is you can only capture 
a tiny percentage of the visual field in full 
colour and detail at any one time. Hold 
your hand at arm's length and look at your 
thumbnail. That is roughly the area covered 
by the fovea. Most of the rest is ea ptured in 
fuzzy monochrome. 

And yet vision doesn't actually feel like this: 
it feels like a movie. That, in part, is because 
your eyes are constantly flitting over the 
visual scene, fixing on one spot for a fraction 
of a second then moving on. These jerky eye 
movements are called saccades and they 
happen about 3 times a second and last up 

to 200 milliseconds. With each fixation your 
visual system grabs a bite ofhigh-resolution 
detail which it somehow weaves together to 
create an illusion of completeness. 

That's remarkable given that during 
saccades themselves, you are effectively blind. 
Your eyes don't stop transmitting information 
as they lurch from one fixation to the next, 
but for about 100 milliseconds your brain is 
not processing it. 

Look in the mirror and deliberately flick 
your eyes from left to right and back again. 
You won't see your eyes move - not because 
the movement is too fast (other people's 
saccades are visible), but because your brain 
isn' t processing the information. 

"During each waking 
day, your visual system 
is offline for a total of 
around 4 hours" 
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Given that you perform approximately 
150,000 saccades every day, that means your 
visual system is "offline"fora total of about 
4 hours during each waking day even without 
blinking (Trends in Cognitive Sciences, vol12, 
p 466). Yet you don't notice anything amiss. 

Exactly how your brain weaves such 
fragmentary information into the smooth 
technicolour movie that we experience as 
reality remains a mystery. One leading idea 
is that it makes a prediction and then uses 
the fovea! "spotlight" to verify it. "We create 
something internally and then we check, 
check, check," says Rensink. "Essentially we 
experience the brain's best guess about what 
is happening now." 

In conjuring up this "now", the visual 
system has to do something even more 
remarkable: predict the future. Information 
striking the fovea cannot be relayed 
instantaneously to conscious perception: 
first it has to travel down the optic nerve and 
be processed by the brain. This takes several 
hundred milliseconds, by which time the 
world has moved on. And so the brain makes 
a prediction about what the world will look 
like about 200 milliseconds into the future, 
and that is what you see. Without this future 
projection you would be unable to catch a ball, 
dodge moving objects or walk around without 
crashing into things. 

There's another huge hole in the visual 
system that can render you oblivious to 
things that should be unmissable. The jerky 
movements that shift your fovea around the 
visual scene don't happen at random - they 
are directed by your brain's attentional 
system. Sometimes you consciously decide 
what to attend to, such as when you read. At 
other times your attention is grabbed by 
a movement in your peripheral vision or an 
unexpected noise. 

The problem with attention is that it is 
a limited resource. For reasons that remain 
unknown, most people are unable to keep 
track of more than four or five moving objects 
at once. That can lead your visual system to 
be oblivious to things that are staring you in 
the face. 

The most famous demonstration of this 
"inattention blindness" is the invisible gorilla, 
a video-based experiment created by Daniel 
Simons and Christopher Chabris at the 
University of Illinois at Urbana-Champaign. 
Viewers are asked to pay close attention to 
a specific aspect of a basketball game, and 
around half completely fail to see a person 
in a gorilla suit walk slowly across the screen, 
beat their chest and walk off again. 

BLIND TO BIAS 
Whatever your opinion of President Barack 
Obama, it isn't hard to find someone who 
disagrees. A recent poll in the US found that 
Obama is the most divisiive president since the 
1950s: 81 percent of fellow Democrats think 
he's doing a good job but only 13 per cent of 
opposing Republicans agree. 

How can so many people make a 
judgement about the same person and come 
to such different conclusions? The obvious 
explanation is that they are biased - by their 
political affiliations, by the media, by their 
friends and family and much else. 

This obvious explanation is correct. But 
who, precisely, is biased? It depends who you 
ask. Those who approve of Obama think the 
conservatives, and their media, are the biased 
ones. Those who don't, th ink it's the liberals. 
In fact, they are both right. 

As any psychologist will tell you, pretty 
much everything you think and do is coloured 
by biases that you are typically totally 
unaware of. Rather than seeing the world 
as it is, you see it through a veil of prejudice 
and self-serving hypocrisies. 

To get a handle on this, think about your 
own opinion ofObama. You probably believe 
your view to be an honest and objective 
assessment based on a range of evidence 
from both sides. Perhaps you'll grudgingly 
acknowledge that you feel the way you do 

because you are liberal/conservative, but 
then reassure yourself that being liberal/ 
conservative is the only rational choice, so 
that's OK. 

You have just experienced the illusion of 
naive realism - the conviction that you, and 
perhaps you alone, perceive the world as it 
really is, and that anybody who sees it 
differently is biased. According to Emily 
Pronin, a psychologist at Princeton University, 
this conviction is "inescapable and deep". 

If, at this point, you are thinking: "Yeah, 
right, that might be true of other people, but 
not me," then you have fallen foul of yet 
another aspect of the illusion: the bias blind 
spot. Most people will happily acknowledge 
that such biases exist, but only in other 
people. "It's not that we're blind to the concept 
of bias, or to the fact that it exists," says 
Pronin. "We're just blind to it in our own case." 

Why are we so blinkered? The problem is 
that our biases- which form and solidify in 
childhood and early adulthood - operate 
below the radar, in our subconscious. It is not 
that people do not look inwards to question 
their own judgements and beliefs. Many do. 
But their biases are not consciously available 
for inspection, so they leap to the conclusion 
that their beliefs are correct and based on 
rational reasoning. 

Many of the biases are a harmless variant 
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of the positive illusions we routinely entertain 
in order to shelter our fragile egos from reality, 
such as a tendency to take credit for success 
but deny responsibility for failure. 

Others are more serious. Few people 
believe that they are racist or sexist, and 
their beliefs are honestly held, and yet 
time and again they are betrayed by their 
actions. In one experiment, people were 
shown a picture of a man and a woman 
and asked to say which they would prefer 
as police chief. They were also told that the 
male candidate was'' streetwise" and the 
female candidate "formally educated", 
or vice versa. Most people chose the male 
candidate and then, when asked why, justified 

"Few people genuinely 
believe that they are racist 
or sexist, yet they are 
betrayed by their actions" 

their decision by saying that whichever 
quality had been attributed to him was more 
important for the job. 

While opinions are obviously ripe for bias, 
facts are also at its mercy, with people adept at 
interpreting the world to fit with their existing 
beliefs. For example, environmentalists 
interpret the fact that most scientists and 
governments are convinced that humans 
are changing the climate as open-and-shut 
evidence that we are. But sceptics just see 
a conspiracy. No amount of new information 
will change their minds, and yet on the whole, 
both camps sincerely believe their views are 
unbiased and rational. 

Similarly, we seek out information that 
fits with our beliefs and ignore or dismiss 
information that doesn't. This "confirmation 
bias" has been shown time and again, for 
example in experiments in which people 
are asked to read a range of evidence about a 
contentious topic such as capital punishment. 
Even when exposed to arguments on both 
sides, most people interpret the evidence 
in a self-serving way, accepting the data 
that supports their views and dismissing or 
ignoring the rest. The scary thing is that they 
have no awareness of doing it. Similarly, 
confronting people with new information that 
contradicts their beliefs more often than not 
ends up hardening their position. 

Sadly, even knowing that you are biased 
doesn't necessarily help. "I know that I am 
susceptible to all sorts of biases because I'm 
a human being," says Pronin. "But in a given 
instance, I'm still not likely to be aware of it." 
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HEAD FULL OF 
HALF-TRUTHS 

I remember it like it was yesterday. It's a 
warm and sunny English afternoon and I'm 
playing outside in the garden. Suddenly a 
shiny silver aircraft appears in the clear blue 
sky. My mother picks me up and points to it; 
neighbours come out of their houses to watch. 
The aeroplane is Concorde, climbing out of 
Heathrow airport on one of its earliest flights. 

I can play this memory over and over in my 
head as easily as watching a YouTube clip, and 
yet I know it almost certainly cannot be real. 
Even though Concorde could have passed over 
our house on test flights, I only lived there 
unti11971, when I was barely out of nappies. 
And Concorde was white, not silver. 

Where does the mismatch between my 
memory and reality come from? "We've 
known since the 1960s that memory isn't like 
a video recording - it's reconstructive," says 
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Where were you on 
9/11? Your memory 
might be deceiving you 

psychologist David Gallo of the University of 
Chicago. The collection of snapshots known as 
"autobiographical memory" is not a true and 
accurate record of your past - it is more like a 
jumble of old diary entries, photographs and 
newspaper clippings. "Your memory is often 
based on what you've seen in a photograph or 
stories from parents or siblings rather than 
what you can actually recall," says Kimberley 
Wade, a memory researcher at the University 
of Warwick in the UK. 

In other words, one of the most important 
components of your self-identity- your 
autobiographical memory- is little more 
than an illusion. 

If that sounds implausible, consider that 
over the past three decades psychologists have 
demonstrated beyond any doubt that memory 
is staggeringly fallible and suggestible. 

Most of the evidence comes from false
memory research, where psychologists 
deliberately plant fake memories into people's 
heads. In one famous experiment, Wade and 
colleagues used doctored photographs and 
fake parental testimony to convince people 
they had been taken on a fictitious hot air 
balloon ride as a child. In another, pioneering 
researcher Elizabeth Lofil:us, now at the 
University of California, Irvine, planted 
memories of meeting Bugs Bunny 
at Disneyland- impossible, as Bugs 
is a Warner Bros character. 

The success rate of such flagrant 
manipulation is only about 30 per cent, 
but Gallo says that everybody's memory is 
susceptible to some extent. ''It's an automatic 
consequence of how our brains process 
information," he says. "You cannot remember 
everything so your mind summarises and 
remembers the gist of experiences. You form 
associations and draw inferences. That gives 
memory great power, but it comes at a cost:' 

It's one thing to implant memories in a 
controlled lab setting, but how often does it 
happen in real life? "We don't have a firm 
grasp on that," says Gallo. "How could you 
really know, without some measure of what 
actually happened or some corroborating 
evidence?" Even so, he says the fact that 
memory is so easily tricked in the laboratory 
suggests that it must be iin daily life too. 

There are a number of lines of evidence 
that this is the case. Some of the best come 
from studying "flashbulb" memories of 
momentous events such as the terrorist 
attacks of 9/11 or the death of Princess Diana. 
Many people have a vivid recollection of what 
they were doing when they heard the news of 
such events, and are very confident that these 
memories are accurate. But guess what: these 
memories turn out to be wrong a surprising 
amount of the time. 

Within days of 9/11, psychologists at the 
University of Illinois at Chicago asked nearly 
700 people where they were, what they were 
doing, how they heard the news and who they 
were with at the time. A year later they asked 
them again. More than half of the participants 
had changed their story ·On at least one count 
while still expressing sujpreme confidence 
that their memories were accurate. 

Flashbulb memory is also highly 
suggestible. In 2002, psychologists from the 
University of Portsmouth in the UK went to 
a local shopping centre and asked people 
about their memories of the death of Diana, 
including whether they had seen "the footage" 
of the actual crash. Nearily half said they had, 

despite the fact that no footage exists. An 
even higher percentage of people confidently 
"remembered" seeing non-existent TV 
footage of a Hoeing 747 crashing in 
Amsterdam, the Netherlands, in 1992. 

If such vivid and confidently held memories 
can be so riddled with inaccuracy and open 
to revision, it is probably true that all 
autobiographical memories are suspect. 
"I don't think you can put a figure on it, but 
I'd be confident that the vast majority are not 
100 per cent accurate," says Wade. 

Again, there is evidence that this is the 
case. When researchers at the University 
of Canterbury in New Zealand asked twins 
about their shared childhood, they discovered 
that most pairs have at least one disputed 
memory - an event they are both convinced 
happened to them and not to their twin. Gallo 
also suggests that spousal arguments, which 
often revolve around disputed accounts of the 
same event, is an area ripe for exploration. 

It also turns out that my Concorde memory 

"The illusory quality of 
our memories is now 
seen as a strength rather 
than a weakness" 

is not that unusual. Last year, Giuliana 
Mazzoni at the University of Hull in 
the UK found that 20 per cent of people have 
autobiographical memories that they do not 
believe to be true, often because they 
contradict established fact. 

Does it matter that our autobiographical 
memories are flawed? "In some ways it's 
terrifying to think just how spectacularly 
wrong they might be," says Wade. "Memories 
are part of your narrative, part of your self
identity." There are legal ramifications too. If 
you witnessed a crime and were asked to give 
testimony about it in court, how confident 
would you be of giving an accurate report? 

In many other respects, though, it matters 
not. My memory of seeing Concorde has 
no material effect on my life. In fact, 
according to Wade, the illusory quality of 
memory is now seen as a strength rather 
than a weakness. Memory is no longer 
conceived as being exclusively about the 
past, but as part of a generalised "mental 
time travel" module that allows us to 
construct and test future scenarios based on 
past experience. If memory were inflexible 
that would not be possible. It seems having a 
head full of half-truths is the price we pay for 
being able to see the future. 
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EGOTIST, 
MOl? 
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How's your driving? If you are anything like 
the average person, you probably think it is 
pretty good. One study found that 74 per cent 
of drivers believed themselves to be better than 
average behind the wheel. And, perversely, 
those who had been in a crash were slightly 
more confident about their abilities than 
drivers who had not been. 

This, of course, does not reflect reality. 
Unless there are a handful of truly dreadful 
drivers, not everybody can be better than 
average. And yet if you ask people to rate 
themselves on almost any positive trait 
competence, intelligence, honesty, originality, 
friendliness, reliability and many others 
most put t hemselves in the better-than
average category. Ask them similar questions 
about negative traits and they will rate 
themselves as less likely than average to 
possess them. 

This egotistic illusion has been 
imaginatively dubbed the "better-than
average effect". It is incredibly pervasive, 
yet goes largely unnoticed. In an ironic twist, 
most people believe themselves to be more 
resistant than average to having an inflated 
opinion of themselves. 

We also inflate our opinions ofloved 
ones. Around 95 per cent of people rate their 
partner as smarter, more attractive, warmer 
and funnier than average. And as anyone who 
has endured a 30-something dinner party 
will testify, parents almost universally rate 
their children as cleverer, cuter and more 
developmentally advanced than their peers. 

The better-than-average effect is just one of 
a number of positive illusions - ways we kid 

Our inflated opinion of 
ourselves starts young 

ourselves that we are special. Another is 
optimism bias, a well-established effect 
characterised by unrealistic expectations 
about the future. Most people expect to live 
longer, healthier and more successful lives 
than average while underestimating their 
chances of getting divorced, falling ill or 
having an accident. And the more (or less) 
desirable the outcome, the stronger people 
believe it will (or won't) happen to them. 

Where do such illusions come from? 
According to Jonathon Brown at the University 
of Washington in Seattle, one of the originators 
of the theory of positive illusions, it all starts 
in childhood. "Parents create them by fawning 
over their children," he says. 

The fawning doesn't stop there. Throughout 
life, we have an innate tendency to divide 
the world into "us" and "them". As soon as 
you forge a connection with someone, you 
become part of their in-group - and humans 
are hard-wired to see members of their in
group more positively than they see others. 
In this way we all sign up to various mutual 
appreciation societies that exaggerate our 
virtues, ignore our faults and look down on 
outsiders. No wonder most of us feel 
excessively positive about ourselves. 

Far from being pathological, though, 
positive illusions are now viewed as being a 
marker of a healthy mind. People who don't 
harbour them are more likely to be clinically 
depressed - a state called depressive realism. 

But however deluded you are about 
yourself, chances are you are even more so 
about how you think others perceive you. 

Everybody wonders and worries about 
how they come across to others, and most 
of us think we have a pretty good handle 

"You ought to have 
some sense of whether 
you're hot or not. But it 
seems you don't" 

on it. But we don't. "People are nowhere 
near as good at it as they think," says 
Nicholas Epley, a behavioural scientist 
at the University of Chicago. 

That is not to say we are completely 
useless. If you think of yourself as generous, 
for example, other people probably do too. 
Just not quite to the extent you might like. 

From moment to moment, however, 
we are surprisingly poor at intuiting how we 
are coming across. This is largely down to 
something called the" spotlight effect"- the 
deluded belief that everything you do and say 
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is being closely observed and scrutinised. 
"Because we're so aware of ourselves it can be 
easy to think that others are noticing us when 
they're not," says Epley. 

As a result, we blow everything out of 
proportion. "Say you spill water on yourself so 
it looks like you peed your pants," says Epley. 
"You assume everyone is going to notice. But 
they don't, because the world doesn't really 
revolve around you." People also assume that 
their emotional states are broadcast to all and 
sundry when in fact they are largely invisible. 

It also works the other way. If you do or say 
something you think is especially clever or 
admirable, you're likely to overestimate the 
extent to which other people will notice. Most 
of the time they won't even register because 
they are too busy tending to their own ego. 

The central problem is that you know 
yourself too well. "You're an expert 
on yourself," says Epley. "That means 
you notice all kinds of subtle things about 
yourself that others simply don't. They see 
general characteristics." 

This is compounded by the fact that we have 
difficulty guessing what other people are 
thinking. "We have imperfect tools for getting 
into their minds," says Epley. "We watch their 
faces and behaviour and try to get some sense 
of what they're thinking, but behaviour 
doesn't always reflect attitudes very well." 

Surprisingly, our lack of insight doesn't 
disappear when we're around people we know 
well: accuracy does go up, but only slightly. 
There is even evidence that your ability to 
read the mind of your spouse actually drops 
after the first year of marriage. "People are 
actually better at knowing how well they're 
communicating with a stranger. You believe 
you know your partner very well as you spend 
more time together, but this can actually 
create more of an illusion of insight than 
actual insight," says Epley. 

Perhaps the area where we have the least 
insight is physical appearance. Everybody 
knows what they look like, but when it comes 
to judging how we look, we' re absolutely 
hopeless. For example, if you ask people to 
locate a photograph of themselves in a sea of 
faces they find it faster if it has been morphed 
to look more attractive, suggesting we all think 
we're better looking than we actually are. 

"When we ask people to rate how 
attractively they will be rated by somebody 
else and correlate it with actual ratings of 
attractiveness, we find no correlation," says 
Epley. "Zero! This still shocks me. For crying 
out loud, you ought to get some sense of 
whether you're hot or not. But it seems not." 

WHO'S IN 
CONTROL? 
This is the big one. The notion that we have 
free will - the ability to exercise conscious 
control over our actions and decisions - is 
deeply embedded in human experience. But 
the more we learn about!: the physical universe 
and the human brain, the less plausible it 
becomes (New Scientist, 16 April, p 32). 

One argument goes as follows: the universe, 
including the bits ofit that make up your 
brain, is entirely deterministic. The state it is 
in right now determines the state it will be a 
millisecond, a month or a million years from 
now. Therefore free will cannot exist. 

Neuroscience has also chipped in. Around 
30 years ago psychologist Benjamin Libet 
discovered that if you ask people to make 

voluntary movements, their brains initiate the 
movement before they become consciously 
aware of any intention to move. Other 
experiments have since been performed along 
similar lines, leading many neuroscientists to 
conclude that free will is an illusion. 

But it feels so real. We all have a sense of 
agency- the conviction that even though 
we did one thing, we could have done another, 
and that at any given moment we have free 
choice of any number of actions. Yet it seems 
that this is an elaborate illusion created 
by your brain. The conclusion is inescapable. 
We really are deluded. • 

Graham Lawton is deputy editor of New Scientist 
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Myriad microbes living in your gut make you who 
you are, finds Cl a ire Ainsworth 

A
T WASHINGTON University's state-of
the-art Genome Institute they take an 
unusual interest in baby poo. They hope 

that studying fresh stool samples from the 
local neonatal unit will help them unlock the 
mystery ofnecrotising enterocolitis, a bowel 
disease that kills up to t in 5 premature babies. 
The disease obviously involves bacteria, yet it 
has proved impossible to pin the blame on just 
one microbe, suggesting that it may not be 
an infectious disease in the conventional 
sense. One possibility is that it is caused by 
a breakdown in the relationship between the 
gut bacteria and the body. If so, an abnormal 
combination of bacterial species in their stools 
may indicate which babies will get the disease. 
This is what they are looking for at Washington 
University in St Louis, Missouri. 

The research is part of a bigger endeavour 
called the International Human Microbiome 
Consortium, which aims to identify and study 
all the microbes living in and on our bodies. 
It is t ransforming our understanding of the 
organisms that colonise our gut. It turns out 
that the "germs" we do our best to 
exterminate with antibacterial sprays are not 
our enemies after all. In fact, we are locked in 
an intimate and vital relationship with them, 
and it shapes our physical development, helps 
train our immune systems and equips us with 

a set of metabolic abilities we would otherwise 
lack. Each ofusis part of a vast and complex 
microbe-human ecosystem - less an 
individual than a "superorganism". 

This realisation is forcing researchers to 
develop a more holistic approach to studying 
human biology. Instead of viewing necrotising 
enterocolit is as a regular infectious disease, 
for example, we may come to see it as nothing 
short of an ecological disaster- a catastrophic 
failure in interaction between species. 

"You are born 100 per 
cent human, but die 
90 per cent microbial" 

Likewise, illnesses such as Crohn's disease 
and even common conditions such as obesity 
and diabetes could all have roots in our 
relationship with our gut flora. In fact, the 
increasing prevalence of such conditions 
suggests that our internal ecosystems may be 
under threat from our modern lifestyles, with 
profound consequences for our health. We 
may soon be worrying as much about the 
biodiversity inside our bodies as we do about 
our external environment. 

Micro biologists reseairching the human 

microbiome are fond of citing statistics 
and no wonder, for the numbers are 
jaw-dropping. The average person is 
home to about 100 trillion, 10'4, microbes 
mostly bacteria but also some viruses, fungi, 
protozoans and archaeans. You are in a 
minority in your own body: microbial cells 
outnumber your cells by 10 to 1. Your microbes 
contribute perhaps a couple of kilograms to 
your body weight and they are everywhere, 
colonising your gut, mouth, skin, mucous 
membranes and genitals. In fact, the only 
time anyone is free from microbes is in the 
womb. You are born 100 per cent human, but 
die go per cent microbial. Between these two 
events lies a vista of unexplored ecology that 
helps make us what we are. 

Nowhere is the transformation from 
individual to superorganism more dramatic 
than in the gut, which is home to the vast 
majority of our microbiome. During a normal 
birth, a baby picks up vaginal and faecal 
microbes from its mother. Babies born by 
caesarean section acquire a different suite 
of microbes from the hands of people who 
deliver them. In the first few months oflife, 
gut flora undergoes several dramatic shifts 
as different species take root and blossom, 
responding to a baby's developing immune 
system and changes in its environment > 
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Meet your microbiome 
The bacteria that call you home 

NOSE 
Mass of microbes lOg 
Typical resident Streptococcus 

MOUTH 

GUT 

Mass of microbes ZOg 
Typical resident 
Streptococcus (cheek}, 
Neisseria(teeth) Mass of microbes lOOOg 

Typical resident 
Bacteraidetes 

VAGINA 
Mass of microbes ZOg 
Typical resident Lactobacillus 

SKIN 
Mass of microbes ZOOg 
Typical resident 
Staphylacoccus (oi ly areas}, 
Corynebacteria (moist areas) 

and diet. There are big differences between 
individuals depending on whether or not 
the infant is breastfed, for example. By age 3, 
the mature gut microbiome is in place, with 
the majority of microbes residing in the colon. 
Each of us carries hundreds of species from 
a total possible repertoire of more than 
1000 different microbes (Nature, vol464, 
p 59). The variation between individuals 
probably reflects factors such as genetic 
make-up, lifestyle, environment and diet. 
However, many microbial species are shared 
by us all, and the latest findings suggest that 
the overall ecological composition of microbes 
in any human gut falls into one of three basic 
groups, or"enterotypes" (Nature, DOl: 
10.1038/natureogg44). 

There is no doubt that we would be in 
serious trouble without this internal 
menagerie. A balanced and healthy gut flora 
helps keep disease-causing microbes at bay by 
occupying their preferred niches. Gut flora are 
also involved in the development of the 
immune system. The gut, being on the front 
line with the germ-infested outside world, 
contains a large amount of immune tissue, 
which learns to distinguish microbial friends 
from foe by sampling the gut flora. In mice 
lacking a microbiome, immune tissue fails to 
mature properly and carries fewer of the 
molecules that sense and react to pathogens. 
Microbes even help shape the gut. Microvilli 
the tiny folds that form the gut lining and 
increase the surface area through which 
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MICROBIAL CELLS 
OUTNUMBER YOUR 
OWN CELLS 10 TO 1 
AND HAVE A TOTAL 

MASS OF 

>1.2kg 

food can be absorbed - develop abnormally 
in microbe-free mice. 

Findings like these support the idea that our 
gut microbes act collectively to create a greater 
whole, a sort of extra organ with its own 
functions. But exploring how exactly the gut 
microbes interact has been difficult because 
the vast majority of them cannot be cultured 
in the lab. That all changed with the advent of 
genome technology. The ability to extract 
DNA directly from samples and sequence it 
spawned a wealth of studies that build a 
picture of what is living inside us - or at least, 
at the far end of the gut, where the faecal 

"Could modern lifestyles 
be having detrimental 
effects on the ecology 
of our microbiome?" 

samples originate. It turns out that our colons 
are dominated by two main bacterial phyla, 
the Firmicutes and the Bacteroidetes, with 
smaller numbers of Proteobacteria. A tiny 
minority of the flora are fungi and protozoa, 
about which little is known. The same goes for 
the viruses that lurk in the gut, preying on the 
bacteria there. These seem to comprise mostly 
unknown species and vary hugely from one 
individual to another (Nature, vol466, p 334). 

Another approach, called metagenomics, 

is exploring what these gut microbes are 
capable of. Unlike conventional genome 
studies, which focus on individual organisms, 
this entails collecting all the genes in an 
ecosystem to create a global" metagenome"
effectively a parts list for the biological 
functions of that ecosystem. The most 
detailed inventory to date was published in 
2010 by Metagenomics of the Human 
Intestinal Tract (MetaHIT), a European Union
based consortium. The researchers studied 
faecal samples taken from 124 European adults 
and found a staggering 3-3 million different 
microbial genes, meaning that they 
outnumber our own human gene set about 
150-fold (Nature, vol464, p 59). Not everyone 
had every microbial gene, but by comparing 
the individuals in the study the team 
identified a set of genes we all share. Capable 
of more than 6ooo biochemical functions, 
this "minimal metagenome" represents 
the core genes needed for the survival of the 
entire ecosystem. 

So what do these genes do? Many seem to be 
plugging metabolic gaps in our own genome. 
It is common knowledge that we are unable to 
synthesise enough vitamin B or any vitamin K 
without our gut flora, but microbes assume 
many other useful functions. For example, 
they contain genes that convert complex 
carbohydrates into simpler molecules called 
short-chain fatty acids, an important energy 
source accounting for between 5 and 15 per 
cent of our requirements. Other core genes 
break down plant cellulose and complex 
sugars such as pectin, found in fruit and 
vegetables, which allows us to digest foods 
we could not handle without them. 

Gone is the idea that gut flora had a passive 
role in regulating our biochemistry. "We are 
now persuaded that they are very much more 
active," says Jeremy Nicholson at Imperial 
College London. He has found that your gut 
microbiome even affects your ability to 
metabolise and respond to the painkiller 
paracetamol (acetaminophen) (Proceedings 
of the National Academy ofSdences, vol106, 
p 14728). The MetaHIT project also found 
microbial genes that seem to be involved in 
metabolising drugs and other non-dietary 
compounds, such as toxins and food additives. 
It looks as if drug companies will have to take 
our microbial metagenomes, as well as our 
own human genomes into account when 
designing new drugs. Personalised medicine 
just became vastly more complicated. 

It is also becoming clear what can happen 
when our relationship with gut flora 
goes awry. Among the participants in 
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the MetaHIT project was a group of people 
with inflammatory bowel diseases such as 
ulcerative colitis and Crohn's disease. Previous 
research suggested that this group would have 
a lower diversity of bacterial species in their 
guts. Sure enough, those in the MetaHIT 
study had 25 per cent fewer microbial genes 
than healthy people. Meanwhile, research in 
mice indicates that the balance of microbes in 
the gut can play a part in the development of 
type 2 diabetes. People with the disease 
harbour a greater proportion ofBacteroidetes 
bacteria than Firmicutes, according to 
research published last year (PLos One, 
vol s. p ego8s). 

Gut flora might also be associated with 
obesity. When a team led by Jeffrey Gordon 
from Washington University in St Louis took 
microbes from the guts oflean and obese mice 
and transplanted them into germ-free mice, 
they found that those with the microbiome of 
obese mice put on significantly more weight 
(Nature, vol444, p 1027). Subsequent studies 
indicate that the microbiomes of obese 
humans have a greater ability to harvest 
energy from food (Obesity, volt8, ptgo). 

While these associations are suggestive, 
it is not yet clear whether our gut microtlora 
actually cause health problems or whether 
they simply change as a consequence. The 
system is so complex it will be hard to prove 
causation. With luck more detailed studies of 
the structure of the microbial communities in 

STOOL PIGEON 

Your gut microbes act 
like an extra organ 
with many functions 

healthy and sick individuals will be a starting 
point for developing therapies. These might 
include drugs, probiotics, foods that alter the 
behaviour of our gut ecosystems, and even 
faecal transplants (New Scientist, 22 January, 
p 8). And this is just the beginning. The US 
Human Microbiome Project alone is being 
funded to the tune of$115 million. It aims to 
study the microbiomes of 300 individuals, 
in the gut as well as numerous other sites in 
the body, analysing some 12,000 samples and 
investigating diseases including Crohn's and 
necrotising enterocolitis. 

Meanwhile, other researchers are 

What do you carry around with 
you everywhere that betrays more 

with their national ity (Nature, DOl: 
10.10 38/nature09944 ). 

a bout you than your passport or 
driver's licence? lt's the contents of 
your colon: your faeces. A new study 
shows that the abundance of certain 
bacterial genes in your faeces 
correlates with your age, sex, body 
mass index and nationality. Increasing 
age, for exam pie, is associated 
with an increase in the genes for 
enzymes needed to break down 
starches in the diet Men seem to 
have more biochemical pathways 
for the synthesis of the amino 
acid aspartate than women. The 
microbiomes of people with higher 
BM Is were richer in genes involved in 
harvesting energy from gut contents. 
And people from different countries 
had sma 11 subsets of genes associated 

As well as being intriguing, a focus 
on faeces could help fight disease. 
Further studies could identify links 
between certain bacterial genes and 
common conditions such as colorectal 
cancer, obesity, metabolic syndrome, 
diabetes and cardiovascular disease, 
says Peer Bark from the European 
Molecular Biology Laboratory in 
Heidelberg, Germany. If so, faecal tests 
could provide early diagnoses -and 
prognoses - for conditions where the 
sooner treatment starts the better. 
Stool samples could also be monitored 
over time to track the progress or 
development of a condition. "You have 
a daily output;' says Bark. "If you know 
what you are looking for, you ea n 
develop cheap tests." _I 

wondering whether the link with gut microbes 
might help explain why obesity, diabetes, 
autoimmune diseases and certain cancers 
are on the rise in western cultures. Could 
our modern lifestyles be having detrimental 
effects on the ecology of our microbiome? 
"We're exposed to all kinds of weird and 
wonderful foods that we didn't have before, 
and our environment is much cleaner," says 
Nicholson. That's not all - our tendency to 
overuse antibiotics could be inflicting lasting 
damage on our microbiomes. A study 
published this year showed that gut flora 
composition alters dramatically in response 
to a course of antibiotics, before starting to 
rebuild itself after about a week (Proceedings 
of the National Academy of Sciences, vol108, 
p 4554). "It does mostly bounce back but 
certainly not quite all the way," says Les 
Dethlefsen from Stanford University in 
California, one of the research team. He 
speculates that repeated disturbances of the 
ecological balance of the gut microbiome 
could permanently shift the functioning of 
the ecosystem - an alteration that would then 
be passed down from parent to child. "Every 
time we perturb the community, there is a roll 
of the dice," he says. 

Working out what all this means, not to 
mention unpicking the staggeringly complex 
relationship between us, our microbes and all 
our genomes is one of the most daunting tasks 
today's biologists face. So it is perhaps fitting 
that tackling these hugely complex questions, 
will require cooperation across a diverse range 
of disciplines, forming a scientific 
superorganism if you like. • 

Claire Ainsworth is a science writer based in 
Southampton, UK 
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I 
T WAS David Latham' s misfortune that his 
email was time-stamped 1 April1g88. An 
astronomer at the Harvard-Smithsonian 

Center for Astrophysics in Cambridge, 
Massachusetts, he was engaged in the then 
faintly disreputable task of searching for 
planets orbiting other stars. As he excitedly 
wrote to a colleague, he had found something: 
a body orbiting an ordinary yellow star, known 
only by its catalogue designation HD 114762, 
some 130 light years from Earth. 

For Latham's peers, this was nothing 
more than an April Fool. If the object had 
been a planet, it would have gone against 
all we thought we knew about how planets 
and indeed solar systems-could look. 

Two decades on, planet-hunting is high 
fashion, and Latham has been vindicated. 
With hundreds of worlds known and more 
being discovered every week, planets and 
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solar systems that break the rules are 
commonplace. In fact, they could well be the 
rule. It's time to ask the question: is our solar 
system actually the odd one out? 

Sophisticated ideas about the formation 
and evolution of planetary systems go back 
to the philosopher Immanuel Kant, who in 
1755 noted that the solar system's planets all 
orbit in the same plane around the sun's 
equator. This led him to the "nebular 
hypothesis": that the sun formed as a great 
cloud of gas and dust collapsed inward, and 
worlds coalesced in a spinning disc of material 
around its midriff. Looking to the heavens, 
Kant saw fuzzy spiral wisps that he interpreted 
as such nascent solar systems. 

We now know these are galaxies, not 
solar systems, but the nebular hypothesis 
has remained at the heart of our ideas about 
planetary formation. Four decades after Kant 

first proposed it, the French mathematician 
and astronomer Pierre-Simon La place 
reformulated the theory in the precise, 
calculable terms ofNewtonian gravity. 
Recently, computers capable of crunching 
through many millennia of world-making in a 
single afternoon have allowed us to model the 
process and produce a menagerie of planets 
like those in our neighbourhood. 

And so we came to believe that our solar 
system's story was universal. "Politically, 
socially, religiously - it's human nature to 
adopt the environments within which we live 
as universal norms," says Geoff Marcy of the 
University of California, Berkeley, the doyen of 
planet hunters who has more confirmed alien 
worlds to his name than anyone else. 

The idea that planets coalesced serenely 
from a rotating disc of gas and dust led to a 
seemingly reasonable set of rules about how 
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solar systems should look. First, only rocky 
planets resembling Earth and Mars could 
populate the hot inner regions close to a star; 
giant planets like Jupiter would be restricted 
to the cooler outer regions, where ice, gas and 
dust can readily stick together and snowball 
to enormous sizes. Second, giant planets could 
not grow much bigger than Jupiter before 
their feedstock of gas and dust would be 
depleted. Third, planets would have more or 
less circular orbits in a plane around their 
star's equator. 

Latham's putative planet broke all three 
rules. It had an estimated mass 11 times that of 

it," says Latham. "It was three strikes and 
you're out." By the time he and his colleagues 
came to publish a paper about their discovery 
in May 1989, they meekly termed it a 
"probable brown dwarf"- in other words, 
a failed star (Nature, vol339, p 38). 

In the event, it was a dmp of rain before 
a storm. In 1995, Michel Mayor and Didier 
Queloz of the Geneva Observatory in 
Switzerland discovered a gas-giant planet with 
a mass similar to Jupiter's in a scorching four
day orbit around the sun-like star 51 Pegasi 
(Nature, vol378, p 355). Within a year, Marcy 

Jupiter, yet was close to its star, with an orbit , h d b · d · 
similartoMercury'sinoursolarsystem.Italso We a eenju Qlng 
racedarounditsorbitinahighlyeccentric the cosmic diversity of 
manner, tracing a squashe~, elongated oval pia netary systems based 
rather than a near-perfect Circle. 

"Thetheoreticiansweren'treadytoaccept On a Sample Size Of One" 

Our galaxy is home 
to many solar systems
but how many like 
our own? 

and his colleague Paul Butler, both then at San 
Francisco State University in California, had 
confirmed that discovery, and also found two 
more "hot Jupiters". Later that year, they 
confirmed Latham's discovery as a planet. 

It was clear we had ignored a fundamental 
rule of science. "We had been judging the 
cosmic diversity of planetary systems based 
on a sample size of one," says Marcy. 

If these were the first hints that our solar 
system was not normal, they were not the last. 
Other planets were soon caught breaking all 
sorts of rules: orbiting in the opposite 
direction to their star's spin, coming packed in 
close orbits like sardines in a can, or revolving 
on wildly tilted orbits far away from their 
star's equator (see diagram, page 48). 

There are many good reasons to believe that 
planets do form in circular orbits in more or 
less the same plane, asKant had suggested. 
But it appears they do not always stay that 
way. Soon enough, theorists began to supply 
the necessary creation stories. Young worlds 
might drag against dust and gas yet to be 
hoovered up into a planet, losing momentum 
and spiralling inwards towards their star to be 
consumed or, perhaps, to become hot Jupiters. 
Others might tussle gravitationally with 
another member of their brood, with the loser 
being flung out into the void and the winner 
left in a disturbed, elliptical orbit. 

The reality of such restless young planets 
soon began to rewrite our solar system's 
history, too. Uranus and Neptune seem rather 
large for their positions in the extremities of 
the solar system, where the sluggish pace of 
detritus orbiting the sun would have slowed 
the accretionary processes of planet-building. 
It is plausible that they formed closer to 
Jupiter and Saturn, and a gravitational tussle 
between these two giants scattered them out 
to their present orbits. Such ructions might 
also have hurled water-rich comets into the 
dry inner solar system, which could explain 
massive crater fields on our moon, and 
perhaps even the existence of oceans on Earth 
(New Scientist, 25 November 2006, p 40). 

That is still a relatively sedate history on the 
evidence of other solar systems, yet it did not 
occur to us to ask whether our neck of the 
woods might be strange. The multiplicity of 
odd ball planets, we thought, said more about 
the limitations of our observations than the 
prevalence of solar systems like ours. 

This is because slmost all the early 
discoveries were made using the Doppler, or 
radial velocity, technique. This looks for changes 
to stars' motion caused by tiny gravitational 
tugs from orbiting planets. Such tugs are 
bigger for more massive planets orbiting 
closer in - so if hot Jupiters can exist at all, it 
is no surprise that we see very many of them. 

A similar bias affects transit photometry, a 
technique first demonstrated in 2000 by two 
teams, one involving Latham and one > 
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involvingMarcy (The Astrophysical Journal, 
vol529, p L41 and L45). If a planet happens to 
be aligned so that during its orbit it crosses, 
or transit s, the face of its star as viewed from 
Earth, its shadow can be detected as a slight 
dimming in the star's light. 

With sufficient sensitivity this method 
can detect smaller rocky planets in a star's 
habitable zone where liquid water can exist. 
Finding planets of any size in a system's outer 
reaches is more problematic. Here, the large 
separation between the planet and the star 
reduces the probability of transit alignments, 
and the greater time between transits makes 
observation even more unlikely. Viewed from 
afar Jupiter, for example, would cross the face 
of the sun only once every 12 years. 

Not seeing the outer reaches of solar 
systems is a big stumbling block to finding 
one that resembles ours - and one that might 
support life. "We need to understand things 
further out if we want to understand a 
system's habitability at all," says Scott Gaudi 
of Ohio State University in Columbus. Comets 
unleashed by wandering giant planets may 
have supplied the water that kicked Earth into 
life, but equally could exterminate any life 
already present on an inner planet. Finding 
and categorising outer giants in other solar 
systems would be a significant step towards 
understanding how likely such processes are. 

A decade ago, Gaudi and his colleague 
Andrew Gould set out to find planets of 
Jupiter, Saturn, Uranus and Neptune's ilk 
using a technique called gravitational 
rnicrolensing. This exploits Einstein's 
prediction that massive objects bend the 
fabric of space. I fa star passes in front of a 
much more distant background star, it will 
focus the light from the distant star just as a 
lens would. If the foreground star has planets, 
they can produce a smaller, secondary 
focusing effect, the size of which depends on 
the planets' masses and orbital distances. 

Wandering giants 
The chances of seeing this effect are 
astronomically low; large swathes of sky 
with hundreds of thousands of stars must be 
monitored to catch its rare occurrences, only 
a handful of which can be conclusively 
ascribed to planets. Crucially, though, the 
secondary lensing effect is strongest when the 
planet is both large and well-separated from 
its star- like Jupiter, in other words. 

Gould and Gaudi's first analysis in 2000 
took in the sparse microlensing data then 
available, and drew a blank: there seemed to 
be no giant planets out there in the right place 
at all. Since then, tens of millions of stars have 
been t racked, providing thousands more 
rnicrolensing events. In January last year, the 
duo announced the results of a new statistical 
analysis. Starting with the assumption that all 

One in four sun-like 
stars are estimated to 
have close-in planets 
the size of Earth 

the solar systems spotted would have outer 
planets like ours, they concluded that, given 
possible variations in how the planets would 
be configured, six such systems should have 
been seen. In fact, the ta]ly was one: a red 
dwarf star with two outer planets analogous 
to Jupiter and Saturn (Science, vol319, p 927). 

Ramped-up Doppler searches have had a 
little more success, discovering about 20 
Jupiter-sized exoplanets in Jupiter-like orbits. 
But only two or three of these planets are on 
near-circular orbits. The rest are eccentrically 
wandering giants that make life difficult not 
just for our theories, but for life it self. Their 
odd orbits would almost undoubtedly disrupt 

THE SEARCH FORA 
SECOND EARTH 
While astronomers seek a planetary system that 

mimics the architecture of our ow n, the number 

of Earth-like w orlds is another open question. 

In October last year, Andrew How ard and 

Geoff Marcy of the Unive rsity of California, 

Berkeley, released a census of planets orbiting 

within a quarter of the Earth-sun distance of 

150 nearby sun-like stars. A few per cent have 

close-in planets Jupiter's size or greater, about 

twice as many have Neptune-mass planets, and 

at least 12 per cent harbour planets three times 

Earth's mass, the smallest in the sample. This 

trend would suggest that one in four sun-like 

stars have close-in planets Earth's size (Science, 

vol330, p 653). 

"lttells us that nature nnakes small planet s," 

says How ard. And while life as we know it would 

be burned out on these planets, if there are that 

many planet s close in, there are presumably 

quite a few further out at Earth-like distances. 

NASA's Kepler spacecraft is looking for 

transiting w orlds in more than 150,000 stars 

within a small patch of sky in the constellations 

of Cygnus and Lyra. Its latest batch of data, 

unveiled on 2 February, contained around 1200 

candidate planets, despite representing only a 

tenth of Kepler's slated three and a half year 

mission time. Tantalisingly, a handful of them 

w ere about the size of Earth. 

the circular paths of any accompanying Earth
like worlds, potentially casting them into the 
star or ejecting them from the system. 

All this makes the status of our solar system 
increasingly clear. "Our system is a rarity, 
there's no longer a question about that," says 
Marcy. "The only question that remains is, just 
how rare is it?" 

It is an opportune moment to ask: NASA's 
Kepler space telescope, launched in May 2009, 
promises a flood of new planets of all sizes. 
Early indications are that solar systems like 
ours are as elusive as ever. Take the system 
Kepler-11, revealed with great fanfare in 
February this year (Nature, vol470, p 53). Its 
six transiting planets are between two and 
four times the size of Earth, and five of them 
would be within the orbit of Mercury. Based on 
their size and estimated density, all six worlds 
appear to be composed mainly of ice and gas, 
as if they formed far from their star. 

How they migrated inward so gracefully is 
a mystery. Any ancient convulsions, we had 
supposed, would leave migrat ing worlds' 
orbits out ofkilter. But Kepler-u's architecture 
is proport ionally flatter than a vinyl record 
far flatter than the planetary orbits in our own 
solar system, which lie around the equator of 
our sun only to within about s degrees either 
way. A third of the candidate planets found by 
Kepler so far seem to reside in similarly 
pancake-like configurations, implying a 
history even more sedate than ours. 

"The diversity of these planetary systems 
tells us that our own is but one example in a 
very wide range," says Andrew Howard, a 
planet-hunter at the University of California, 
Berkeley. But it is not quite time to give up on 
another solar system that looks like ours, he 
adds. For Kepler to "find" a planet, that planet 
must transit across its star three times. Given 
a planned mission lifetime of three and a half 
years, Earth would have made the cut - just. 
But it would take 36 years for Jupiter to make 
the grade, go for Saturn, and even longer for 
Uranus and Neptune. "If we were looking from 
outside we still wouldn't have detected most 
of our solar system," says Howard. • 

Lee Billings is a freelance writer based in New York 
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Science on the wild side 
A celebration of nature's wonders, and how to capture them in a notebook 

Field Notes on Science ond Noture 
edited by Michael R. Canfield, 
Harvard University Press, 
£20.95/$27.95 

Reviewed by jack Ash by 

RETURNING 
from fieldwork 
in Tasmania, I was 
thrilled to find this 
book on my desk. 
Field Notes on 
Science and Nature 

'---------' celebrates the 
phenomenon that is the field 
journal, a fundamental tool for 
scientific research in the wilds. 

This compendium comprises 
essays written by renowned 
scientists like mammalogists 
George Schaller and Jonathan 
King don, and plant biologist 
James L. Reveal. Based on their 
own journals, and replete with 
illustrations lifted straight from 
their field notes, the essays not 
only provide an insight into the 
minds of world-class researchers 
but also address broader questions 
about the function and meaning 
of the field journal. 

Part narrative chronicle, part 
instructive manual, the book 
addresses questions like why 
should field journals be kept, what 
are they used for and how should 
people go about compiling them? 
In providing answers, the authors 
celebrate the field of scientific 
natural history and relate the 
era of gentleman scientists to 
the professionalised practice 
of the present day. 

The authors draw on their own 
experiences, explaining the kinds 
of questions they are investigating 
and the types of data they collect, 
while providing charming 
insights into how their interests 
in natural history developed and 
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what life in the field is really like. 
Opinions seem to vary, though, 

regarding for whom field journals 
are written and the kind of 
information they should contain. 
Some authors stick to hard data 
and scientific methods, but others 
add their musings and accounts 

"Why should field journals 
be kept, what are they 
used for and how should 
people compile them?" 

of personal experiences to the 
mix. Although the contributors 
often claim their scribblings 
are for their eyes only, for use as 
repositories for nascent thoughts 
and their experiences, mentions 
abound of famous field notes that 
have yielded notable publications. 

While the solid observations 

have indeed gone on to be used 
in peer-reviewed publications, 
the more Darwinesque-style 
human stories make for the 
most enjoyable parts of the book. 
These stories show the delightful 
humanity behind the scientific 
studies. Natural history is 
celebrated as exploration; reports 
of rigorous field work are 
enriched by human experience. 
The anecdotes relayed in the 
field notes give a sense of the 
adventure inherent to life in the 
wilds. Such accounts, rather than 
diminishing objectivity, add a 
layer crucial to understanding the 
reality of this kind of science. 

The collection also contains 
best-practice guidelines for 
keeping a field journal. Scientific 
illustrator Jenny Keller's guide to 
drawing in the field gives useful 

Red-tailed guenon sketched in 
the field by jonathan King don 

and achievable suggestions to 
help even the least-skilled artists. 
For the benefit ofpencilophobes, 
Conservation International's Piotr 
Naskrecki explores the more 
technological approaches to 
modern note-taking, though 
these are bemoaned by many 
as being unreliable. 

Field Notes on Science and 

Nature covers most disciplines 
where researchers head out into 
nature: zoology, palaeontology, 
ecology, ethology, anthropology 
and botany. And although it isn't 
covered specifically, much of the 
content also applies to archaeology. 

While the history and current 
practice of taking field notes are 
well covered, it is a shame that the 
essays make little mention of how 
this practice might change in the 
future. I wonder whether the 
blogging generation may be 
predisposed to diarising in the 
field. Will we see a swing back 
towards the journalistic styles 
popular with the naturalists of 
the 18th and 19th centuries? 

The contributors' enthusiasm 
and informed guidance will ring 
true with anyone who has spent 
time in the field. Although few 
will have the dubious privilege of 
having their every scribbling 
archived, valuable lessons are 
there for everyone armed with a 
pen and paper. In fact, the vivacity 
of the essays will inspire many to 
pick up a pencil and venture into 
the wild. I for one am left itching 
to get back to the bush to put what 
I've read here into practice. • 

jack Ash by is Learning and Access 
Manager at University College 
London's Grant Museum of Zoology 
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Jurassic journey 
Immerse yourself in the latest dinosaur show 
and the ancient world will come to life 

Age of the Dinosaur 
Natural History Museum, London 
22 April- 4 September 

Reviewed by Catherine de Lange 

COULD you identify T. rex in a 
dinosaur line-up? Easy? Ok then, 
how about naming the prehistoric 
period they lived in, how and 
what the giant beasts ate, and 
what other creatures shared 
the landscape? 

If you got stuck after the first 
question, the new Age of the 
Dinosaur exhibition at London's 
Natural History Museum will 
remedy that. Unlike other big 
dinosaur shows that can focus 
narrowly on the usual suspects 
while skimping on context, this 
aims higher, surrounding the 
dinosaurs with the animals, 
plants, marine life and flying 
reptiles of their era. 

The idea was to create 
an immersive and accurate 
landscape, says museum 
palaeontologist Paul Barrett. "It's 
like a time machine with the dial 

set to 70 million years BC." 
At the start of their journey 

back in t ime, visitors are greeted 
with a huge replica of aT. rex 
footprint - a hint at the size of 
things to come. Working through 
the Jurassic period and then 
into the Cretaceous era, the 
exhibition features giant fossils, 
interactive games, video footage 
and of course - the part the 
kids go mad for - life-sized 
animatronic models. 

Meticulously designed, much 
ofthe content of the exhibition is 
based on research conducted at 
the museum and reflects new 
discoveries about what dinosaurs 
looked like, how they heard, ate 
and behaved. Visitors learn, for 
example, that researchers in 
Bhutan and China have 
discovered melanosomes - parts 
of pigment cells - in fossilised 
feathers and feather-like 
structures of birds and dinosaurs, 
and used electron microscopy to 
study the cells and determine 
what colour these were. 

Barrett hopes that showing 
the scientific method behind such 
discoveries will prompt visitors 
to question commonly accepted 
wisdom about these prehistoric 
beasts. "We wanted to tell people 
how we decided what we think, 
and ask them to make their 
own minds up." 

The exhibition isn't extensive, 
and with only two rooms of 
animatronics, some visitors 
might feel short-changed 
compared with some of the more 
technologically advanced dino
shows. But this content-rich, 
immersive and thought
provoking exhibition is well 
judged- it's the perfect length to 
hold your attention throughout, 
and adds up to a whole lot more 
than a mug shot ofT. rex. 

Neuro-sceptics 
Neuromania: On the limits of brain 
science by Paolo Legrenzi and Carlo 
Umilta (translated by Frances 
Anderson), Oxford University Press, 
£14.99/$27.95 

IN 2007 The New 
York Times ran 
an article about 
using brain 
imagingto 
predict the 
eventual choices 
of undecided 

voters in a presidential primary. 
This is the sort of thing that drives 
the authors of this strange little 
book up the wall. As they see it, 
modem neuroscience is not only 
overreaching itself, but is also 
positively dangerous. 

From the familiar problem 
ofbrain imaging creating overly 
simplistic pictures of brain 
function to bandwagon-jumping 
"neuro" disciplines like 
neuroeconomics, Paolo Legrenzi 
and Carlo Umilta- distinguished 
Italian psychologists- argue that 
we have been collectively seduced 
by brain science's hubris. 

That may be so. But to conclude 
that this has serious implications 

for society is overstatement. 
In their opinion, our faith in 
neuroscience is an insidious 
form of biological determinism 
that will lead us into an ethical 
quagmire on issues such as 
"life, death, copulation, 
abortion, bringing up children, 
and so on". The result is a rather 
curmudgeonly rant against the 
modern world. 

Ocean oddities 
Sex, Drugs and Sea Slime 
by Ellen Prager, University 
of Chicago Press, £17/$26 

THERE is no 
shortage of 
fascinating 
candidates for 
Ellen Prager's 

l~rft~~~ celebration of 
the oceans' most 
bizarre creatures. 

Among those making an 
appearance in Sex, Drugs and Sea 
Slime you will find the ferocious 
sand tiger shark, which attacks 
and kills its siblings while still in 
its mother's womb; the barrel eye 
fish that sports tubular eyes 
within a transparent head; and 
the queen conch, a snail that is 
endowed with a penis half the 
length of its body. 

Prager makes a case for 
each animal's unique value to 
humankind, but at times her 
arguments seem a bit hit-or-miss. 
Coral reefs are indeed important 
for their potential medicinal 
benefits, but should we really care 
about seahorses simply because 
they were used as a cure for 
baldness in Roman t imes? 

It's a great cast of characters, 
and Prager's style is accessible 
and at times amusing. But after 
a couple of chapters, her efforts 
to include as many creatures as 
possible - instead of giving fewer 
species in-depth treatment-make 
the book feel less like a manifesto 
on the marvels of marine animals 
and more like a futile attempt to 
list them all. 
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Future foretold 
Yesterday's science f iction may be today's 
cutting edge technology, says Andy Sawyer 

IN THE novel2001: A Space 
Odyssey, Arthur C. Clarke shows 
us Dr Heywood Floyd reading his 
"Newspad", where he can consult 
any newspaper he wishes. How 
many future computer engineers 
read this science fiction classic 
or saw the movie - and thought, 
"I want one of those!"? 

As SF fans know, finding 
examples in earlier fiction that 
resemble new technology brings a 
glow of satisfaction at seeing our 
world foretold. But how has rapid 
technological development 
affected such forecasts? 

Wondering how scientific 
advances would shape the future 
is not a new preoccupation 
indeed, rocket propulsion may 
first have been suggested in a 1657 
work by Cyrano de Bergerac, who 
shoots his hero to the moon with 
firecrackers. But few have been 
so enthralled by imaginings of 
the future as John Claudius 
Loudon. In the March 1828 issue 
of Gardener's Magazine, Loud on 
ran a review ofJane Webb's The 
Mummy!, a novel about an 
Egyptian mummy resurrected 

Living machines 
Engineering Animals: How life works, 
by Mark Denny and Alan McFadzean, 
Harvard University Press, £25.95/$35 

Reviewed by Cian O'Luanaigh 

ANIMALS are 
machines: 
walking, running, 
crawling, flying, 
sensing machines. 
So say retired 
aerospace engineer 

Mark Denny and his co-author, 
independent consultant Alan 
McFadzean, who in this book 

in the 22nd century. So impressed 
was Loudon byWebb's steam
powered agricultural machines, 
air beds, milking machines and 
smokeless fuel that he arranged 
an introduction to the young 
writer; they were later married. 

Enthusiasm about such 
speculation hasn't been universal. 
For example, Jules Verne's 1863 
novel Paris in the Twentieth 
Century depicted a 1960s world 

examine these machines with 
the critical eyes of engineers, 
investigating the technical 
workings of animal adaptations 
from snail slime to sonar. 

Both physiology primer 
and engineering textbook, 
Engineering Animals covers the 
basics of how physics constrains 
animal structure and function, 
all the while marvelling at 
nature's exquisite and often 
surprising solutions. 

Optimisation is a key theme. 
All animals are faced with 
environmental challenges - find 
food, find a mate, stay alive - to 

of skyscrapers, fax machines and 
even a proto-internet. It was 
turned down by his publisher as 
"unbelievable", and only finally 
published in 1994. 

By the 20th century, emerging 
technologies made such ideas 
more believable. In 1926, the first 
issue of the science fiction 
magazine Amazing Stories 
enthused, "Extravagant Fiction 
Today .... Cold Fact Tomorrow". In 
1928, British newspaper the Daily 
Mail published an issue 
forecasting the year 2000 -

complete with giant flat-screen 
televisions in public places. 

As time goes by, though, it 
becomes increasingly difficult 
to distinguish between science 
fiction and reality. Perhaps the 

which there will be theoretically 
optimal solutions. An engineer 
will calculate this optimum; 
a biologist will marvel at the 
solution achieved within the 
constraints of the animal's 
evolutionary history. This book 
combines both approaches to 
nature appreciation. 

The adaptations can be superb. 
Consider the giraffe, which has a 
12-kilogram heart to pump blood 
at high pressure up to its head. 
Or the albatross, which can fly 
over 1000 kilometres per day 
thanks to a clever skeletal 
shoulder-locking mechanism 

ultimate get-out-of-jail-free card 
is predicting the "singularity", 
suggested by writers such as 
V ern or Vinge and Damien 
Broderick: the point at which 
the development of technology 
becomes so rapid it is impossible 
to forecast what comes next. 

Of course, some have argued 

"Some have argued that 
projecting a plausible 
future in fiction is more 
science than art" 

that projecting a plausible future 
is more science than art. RobertA. 
Heinlein was one of many authors 
credited with "inventing" the 
cell phone, which appears in his 
1948 novel Space Cadet. Those 
with an ache to foretell the future 
may want to take a page out of his 
book: he maintained that his 
"prophecies" - which included 
atomic weapons and remote 
controls - were not born solely of 
his imagination, but rooted in his 
science education and knowledge 
of current research. 

PRO ALE 
Andy Sawyer is the Science Fiction 
Foundation Collection librarian at the 
University of Liverpool, UK, and guest 
curator of the British Library's Science 
Fiction exhibition, Out of this World: 
Science fiction but not as you know 
it which opens in London on 20 May 

which keeps its wings outstretched. 
Framing adaptations as 

solutions to distinct 
environmental challenges, Denny 
and McFadzean do well to avoid 
the adaptationist fallacy of Dr 
Pangloss from Voltaire's Candide, 
who claimed that "the nose is 
formed for spectacles, therefore 
we wear spectacles". 

Engineering Animals is rather a 
celebration of nature's ingenuity. 
There may be a few equations but 
don't let that put you off- this is 
an engaging journey through 
animal adaptation for engineers 
and non-engineers alike. 
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Postdoctoral Fellowships for Academic Diversity at 

the University of Pennsylvania 
Program Description: 
The University of Pennsylvania is pleased to announce its Postdoctoral 
Fellowship for Academic Diversity. The Academic Diversity Fellowship 
Program seeks to att ract promising scholars and educators from 
different backgrounds, races, ethnic groups, and other diverse 
groups whose life experience, research experience and employment 
background will contribute significantly to our academic excellence. 

Eligibility: 
The fellowships are available for postdoctoral t raining in all areas 
of study at the University and seek to attract graduate students 
from Penn and other institutions who have completed, or wi ll 
complete their requirements for PhD by their start date. In addition 
postdoctoral scholars from other institutions who have completed 
their dissertation within the last three years are eligible. Persons with 
professional degrees (such as MD, DMD, VMD, JD) who are within a 
year of completing their post-degree professional training from Penn 
and other institutions will also be considered. Candidates must be US 
citizens or permanent residents. Postdocs, residents and fellows who 
currently have a position at Penn are ineligible for this program. 

Awards: 
The three year fellowships will begin as early as January 2, 2012. 

Stipends and Allowances: 
Fellows receive a stipend of $43,000 in year 1 with $2,000 increments 
in years 2 and 3, as well as annual allowances for travel ($2,000) and 
research ($5,000), and one-time relocation expenses of $5,000. The 
University also provides a medical, vision, dental and life insurance 
benefits package. Successful candidates will receive highly mentored 
scholarly and research training as well as courses and workshops to 
enhance their research success skills and prepare them for a faculty 
position in a major university. 

Selection Process: 
A committee appointed by Senior Vice Provost for Research will 
review and select the candidates for the Postdoctoral Fellowships for 
Academic Diversity. 

Application Procedure: 
Required application materials include: 
(1) A completed fellowship application form, 
(2) A curriculum vitae including current and pending publications 
(3) A personal statement, no longer than three pages, which addresses 
the following: 

• reviews your previous research accomplishments 
• outlines your future research goals and proposed research 
• describes your commitment to pursuing an academic career 
• includes academic, employment or other life experiences that 

would bring new perspectives to the University community 
and your chosen field 

4) Three letters of reference from people acquainted with the 
applicant's work. One reference letter should be from the applicant's 
thesis advisor or faculty mentor. Reference letters must be submitted 
electronically on letterhead stationery. Email subj ect line should be 
applicant's name followed by the words reference letter, e.g. Jane 
Smith_ Reference letter. 

Complete details at 
www.upenn.edu/researchjresearch_sitejpostdoc_diversity.html. 
All materials must be submitted electronically by August 1, 2011. 
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ACCELLERATING DELIVERY TO DISCOVERY 

H\Yf 
MORGRIDGE 
IN S Ti TUTE FOR R ES EARC H 

The Morgridge Institute currently is seeking candidates with expertise 
in these diverse fields to build itS initial resident scientific teams: 

• Regenerative Biology 
• Virology 
• Medical Devices 
• Pharmaceutical lnformatics 
• Educational Research 
• Core Computational Technology 
• Education Ourreach 
• Administration 

The Morgridge Instirure offers competitive compensation, a grear benefic 
package and ongoing training and career developmem. 

Visit www.discovery. wisc.edu/morgridge 
for more details and to apply for positions. 

The Morgridge Institute for Research is a new, privare, nor-for-profir 
imerdisciplinary biomedical research organization dedicated to the 
vision of "Discovery ro Delivery," of acceleraring rhe movement of 
science from the laboratories of researchers to public use around the 
world as rrearmenrs and cures. Ir is associated wirh and locared on rhe 
campus of the University ofWisconsin-Madison, consistently one of the 
top research universities in the world. 

The Morgridge Institute for Research is an equal opportunity employer. 

r;/Je the difference that drives our excellence. 

• Director of 
Bioinformatics Core 

• Engineers 
• Research 

Technologists 

The Medical College of Wisconsin is blazing new paths in medical 
research, education and patient care, and you can be at the center 
of it all. Uniquely positioned as a leader in the development of 
the next generation of physicians and scientists, we are also a 
full-service medical facility providing innovative care for adult 
and pediatric patients. Not only do we support a culture that 
embraces diversity, but we also encourage il and are committed 
10 it. In addition to providing an environment with abundant 
opportunities to grow and develop, we offer an outstanding 
benelits package and competitive salary. We are seeking qualilied 
candidates for the following positions and many more: 

• Research Associates • Instructors 
• Research Scientists • Assistant Professors 
• Program • Associate Professors 

Coordinators • Professors 
• Postdoctoral Fellows 

Our location is ideal: Milwaukee is right on the shore of Lake Michigan and right in the 
center of unlimited recreational and cultural opportunities. From professional sports to historic 
neighborhoods to family-friendly and affordable neighborhoods, ours is a city that embraces 
the imponant things in life. 

There's more than one way to benefit from a career at Medical College of Wisconsin. 
We offer health, dental and vision insurance plans; life insurance; 
403(b) retirement plans; plenty of vacation, sick days and paid holidays; · ·:· 
dependent care and tuition reimbursement; and much more. . 

Visit our web site to search fort he job opportunity that's right for you: 
www.mcw.jobs 

EEO/AA - M/FN/H 

MEDICAL 
COLLEGE 
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Cures don't just happen. 
They demand collaboration. Dedication. Enthusiasm. Teamwork. 

St. Jude Children's Research Hospital is a wor1d renowned Institution that 

r9QUireS a supertor, diverse and well-trained group of ci'llclans, researchers, 

postdoctoral fellows, administrators and information technology specialists. 

Researoh efforts are directed at understanding the molecular, genetic and 
chemical bases of catastrophic diseases In children, ldenttrylng cures for 

such diseases and promoting their prevention. 

St. Jude is committed to hiring the best and the brightest to maintain our culture 

of excellence. We offer career opportunities for a wide range of positions to 

support the institution's biomedical research and clinical activities. 

Visit our Web site at www.sljuda0f91}obs to learn more about us and to 

apply for open positions. St. Jude offers a competitive salary and an excellent 

benefits package. 

www.stjude.ag/jobs 

Recognized in FORTUNE magazine's 2011 listing of the 100 Best Companies to Work for 
Ranked in the top 1 0 best places to work in academia by The Scientist since 2005. 
Named the nation's No. 1 pediatric cancer care hospital by Parents magazine, 2009. 
Named the nation's best children's cancer hospital by U.S. News & World Report, 2010. 
An Equal 0ppOrtUtiit}1 Employer - 0 2009 St. Jutle. Childte1~ 's Resca~X:h Hospital 

Research in 
Germany 

Alexander von Humboldt 
Stiftung/Foundation 

The Alexander von Humboldt Foundation enables highly-qualified 
scientists and scholars of all nationalities and fields to conduct 
extended periods of research in Germany in cooperation with 
academic hosts at Gem1an institutions. Fellowships are awarded 
solely on the basis of the applicant's academic record, the quality 
and feasibility of the proposed research and the candidate's 
intemational publications. The Humboldt Foundation particularly 
welcomes applications from qual ified, female junior researchers. 

Humboldt Research Fellowship for Postdoctoral Researchers 
• For scientists and scholars who have completed a doctoral 

degree within the past four years 

• Allows for a stay of 6-24 months in Germany; applications 
may be submitted at any time; monthly stipend of2250 EUR 

Humbold t Research Fellowship for Experienced Resea rchers 
• For scientists and scholars who have completed a doctoral 

degree within the past twelve years 
• Fellowships may be divided into a maximum of three visits 

lasting three months or longer; applications may be submitted 
at any time; monthly stipend of2450 EUR 

Additional allowances are available for accompanying family mem
bers, travel expenses, and Gem1an language instmction. 

www.humboldt-foundation.de 

I 
;' MERIT 

~-----~ 
Postdoctoral Scholars 

Postdoctoral Scholars for MERIT Program, a newly funded NIH IRACDA 

program University of Alabama at Birmingham MERIT Program is 
seeking individuals who are interested in outstanding teaching and 

research experiences during thei r postdoctora l t ra ining. The MERIT 
Program will provide opportunities for research experience at UAB 
and teaching experience at minority serving institutions, including 
Miles and Stillman Colleges, located near UAB. 

MERIT Fellows are supported for three years at NRSA rates beginning 
at $37,368; are provided health insurance at no charge, a yearly travel 

allowance to professiona l meetings; and yearly research or training 
allowance. 

Applicants to the MERIT Program must be Ph.D. candidates or recent 
Ph. D. graduates (within the past year) and a U.S. citizen or non-citizen 

national; individuals with comparable degrees, including MD and 
DVM, are also eligible. Women and persons from diverse backgrounds, 

including underrepresented racial and ethnic groups, individuals with 
disabilities, and individuals from disadvantaged backgrounds, are 
encouraged to apply. Application materials as well as other information 

are avai lable by clicking on the MERIT logo at the Office o f Postdoctoral 
Education Web site: www.postdocs.ua b.edu. 
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FEEDBACK 

WHEN Graham Ranson was 
searching for ways to improve 
reception on his smartphone, he 
was puzzled to find "the Pinaki 
mobile broadband booster chip" 
on offer from Orbital Radio 
Research (pinaki.webs.com). 

This gadget is the "world's first 
table top echo friendly black hole 
broad band signal sucker" and the 
"world's first passive chip which 
can boost radio signal instantly". 

"Can they be serious?" Graham 
asked us. 

We worked long and hard to try 
and understand the description of 
a "new way to trap energy" and get 
"instant broad band everywhere" 
by" sucking huge amounts of 
scattered signal" with a "nano 
sized microwave signal absorber 
cum black hole single chip passive 
enhancer to boost the radio 
frequency signal to enhance 
the bandwidth". 

Eventually, we gave up -
and remembered something a 
harassed patent examiner once 

told us: "We dread being asked to 
evaluate inventions that look like 
science fiction," he confided. "The 
weirder the idea, the less chance 
we have finding any previous 
patents that would show it to be 
old, and the less chance we have 
of using established facts to prove 
it could never be made to work. 
What we really want to say to the 
inventor is, go away and build a 
prototype to prove it works. But 
patent law won't let us do 
anything that sensible." 

Fortunately, the rest of us are 
not shackled in that way, so we 
can say to Orbital Radio Research: 
"Show us a nano-sized device that 
sticks to a cell phone and makes it 
work better and faster." 

This leaves just one problem: if 
it is nano-sized we won't be able to 
see it, so we will be none the wiser. 

THE language of high finance can 
also be difficult to understand. Idly 
browsing a free newspaper aimed 

Deborah Chard is surprised her local newsagent 
manages to do any business at all. There is a 
large sign on the door stating "Only guide dogs 
allowed in this shop" 
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at London's financial folk, Feedback 
was startled to see, under the 
heading "Forex analyst picks", the 
following message from "strategist'' 
llya Spivak: "I have entered short 
Australian dollar-dollar at $1.0349." 

What is he talking about? We are 
not sure. but we think he is offering 
to buy Australian dollars for the 
amount of US dollars quoted. Or 
perhaps he is offering to sell. 

But why is he doing this? This 
decision came, apparently, "after the 
pair produced a bearish Dark Cloud 
Cover candlestick pattern below 
resistance at the top of a rising 
channel that has guided prices higher 
since October". 

There is more, which we will spare 
you. We grant that Spivak might 
reasonably find a discussion of the 
regulation of the Sonic Hedgehog 

gene, for example. equally 
mystifying. But at least the 
geneticists would provide references, 
offering some hope of discovering at 
least what sort of thing "Hedgehog 
regulating factor" is. Spivak gives 
us no help in learning what sort of 
thing Dark Cloud Cover is, be it 
bearish or bullish, 

We have our suspicions about the 
kind of thinking induced by staring 
at price charts too long. We are 
inescapably reminded of a study that 
involved a chimpanzee flinging its 
breakfast at the stock price pages of 
The Wall Street journal. Notionally 
buying and selling the stocks hit by 
the food, it outperformed the New 
York Stock Exchange index and, 
indeed, more loquacious traders. 

Unfortunately the only reference 
we can currently find to this 
experimental protocol is ... by 
Feedback (17 March 2007). Can 
readers help us out of our self
citation loop? 

AN ADVERTISEMENT on the 
back cover of the May 2011 issue 
of consumer magazine Which? 
advises: "Make sure you get it 
in writing." Tom Marlow adds 
"or not" to this, since the ad 
continues:" Get unlimited legal 
advice from the qualified lawyers 
at Which? - by email and phone." 

LAST week we discussed gestures 
that no longer represent the idea 
they are intended to convey (7 May). 
Martin Gardner notes that this can 
apply to words as well. 

He gives the example of "footage", 
widely used to refer to film, as in 
"New footage of security forces' 
crackdown in Syria". 

Martin wonders how many digital 
frames there are to t he foot. 

FINALLY, David Harris points 
to the same phenomenon in 
relation to images. He gives two 
examples of road signs that are 
stuck in the past. 

One of them concerns 
railway crossings in the UK that 
are marked with a picture of a 
steam locomotive, complete with 
puffs of smoke, although there 
probably hasn't been a steam 
train on the mainline tracks for 
several decades. 

The other example he gives is 
found on signs indicating nearby 
beauty spots, which include a 
depiction of a long-defunct type 
of box camera. We couldn't find 
confirmation of this - but we did 
note that signs indicating an area 
where cameras are used to enforce 
traffic regulations in the UK, such 
as speed limits, show an ancient
looking roll-film camera. 

You can see both these 
examples in the collection ofUK 
road signs at bit.ly/obsoletesigns. 

You can send stories to Feedback by 
email at feedback@newscientist.com. 
Please include your home address. 
This week's and past Feed backs can 
be seen on our website. 
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THE LAST WORD 

Don't call me ginger 
Why are orang-utans orange? lt 
doesn't seem to be a camouflage 
mechanism. And why are they so 
hairy? They live in tropical forests 
after all. 

• Orang-utans' colouring does 
help them blend in. The water in 
peat-swamp forests, where orang
utans live, tends to be a muddy 
orange. Sunlight reflected off 
this water can give the forest an 
orange cast, making orang-utans 
surprisingly hard to see in dappled 
light. Many orang-utan nests, 
up in the forest canopy, contain 
orangey-brown dead leaves, and 
some trees have reddish leaves, 
especially when young. 

Ground-based predators 
would view orang-utans in the 
canopy as a mere silhouette. In 
such circumstances orange may 
stand out less than black, which 
may be more suited to blending in 
with the forest floor. Dark African 
apes such as gorillas spend much 
more time on the ground than 
orang-utans, while some other 
canopy-dwelling primates have 
a similar ruddy colour to orang
utans. Among these are red 
langurs, which live in the same 
Borneo forests as orang-utans. 

As for orang-utans being hairy, 
there are numerous possible 
reasons for this. Orang-utans are 
exposed to direct sunlight up in 
the canopy, so hair could serve to 
protect their skin from the sun. It 
may also provide insulation and 
temperature control, trapping a 
layer of relatively cool air close to 

Questions and answers should be concise. 
We reserve the right to edit it ems for clarity 
and style. Include a daytime telephone 
number and email address if you have 
one. Restrict questions to scientific 
enquiries about everyday phenomena. 
The writers of published answers will 
receive a cheque for £25 (or US$ 
equivalent). Reed Business Information Ltd 
reserves all rights to reuse question and 
answer material submitted by readers in 
any medium or format. 

the skin by day and keeping the 
skin dry and warm at night and 
in cool rainy weather. Hair also 
protects against insect bites and 
helps break the outline of the 
animals' silhouette in the canopy 
when viewed from below. 

Finally, dominant ''flanged" 
m ale orang-utans have long hair 
on their arms and at the base of 
their back. This makes them look 
larger, helping them dominate 
other males and attract females. 
Mark Harrison 
Orang-utan Tropical 
Peat/and Project 
and David Chivers 
Reader in Primate Biology, 
The Anatomy School, 
UniversityofCambridge, UK 

• Orang-utans may not need 
camouflage, given their size and 
strength. And if their hair is not 
for camouflage, the fact that 
reddish hair is common in 
primates such as proboscis and 
red leaf monkeys, and in other 
mammals such as tree shrews, 
squirrels, foxes, deer and flying 
foxes, suggests that it isn't an 
awkward thing to have. 

As to whether being orange 
provides camouflage, that 
depends on the environment. 
Some marine species that live 
at depth are well camouflaged 
despite being bright red, because 
red doesn't stand out in the low 
light under water. Something 
similar applies to orang-utans. 

The explanation lies in the way 
sunlight penetrates the forest 
canopy, bouncing off vegetation 
as it does so. Leaves absorb red, 

New Scientist retains total editorial control 
over the content of The Last Word. Send 
questions and answers to The Last Word. 
New Scientist Lacon House. 84 Theobald's 
Road, London WC! X 8NS, UK, by email to 
lastword@newscientist.com or visit 
www.last-word.com (please include a 
postal address in order to receive payment 
for answers). 

For a list of all unanswered questions 
send anSAE to LWQiist at the above 
address. 

Last words past and present, plus questions, at last-word.com 

orange and violet light for 
photosynthesis, reflecting green. 
So by the time sunlight has 
reached the forest floor, it has 
been robbed of reds and oranges. 
In this sort of light, orang-utans 
look like dull brown lumps. They 
can be so well camouflaged that 
several times I have walked past 

··1n shade, orang-utans are 
so well camouflaged that 
I have failed to see them 
sitting half a metre away" 

having failed to see them sitting 
on the ground half a metre away. 
I have twice come within a hair's 
breadth of tripping over them. 

The explanation above is 
something I heard from }a red 
Diamond, who has studied birds 
of paradise in Papua New Guinea. 
He described males displaying 
in columns of dappled sunlight: 
as they moved in and out of the 
light, they changed from dull 
brown to spun gold, as though 
disco dancing under strobe lights. 
AnneRusson 
York University, 
Toronto, Canada 

The writer is the editor of 
The Evolution of Thought: 
Evolution of great ape intelligence 
(Cambridge University Press, 2007) 
and the author ofOrangutans: 
Wizards of the rainforest (Firefly, 
2004) - Ed 

Several replies noted the similarity 
between the words "orang" and 
"orange"- but only one explained 
their derivation in detail-Ed 

Whycan't ~ 
elephants 
jump? 
The latest collection: 
witty, brilliant, intelligent 
and packed with insight 

• Orang-utans may be orange, 
but the name has nothing to do 
with their colour. It comes from 
Malay and means "person of the 
forest", orang being Malay for 
"person". The word "orange" 
originally meaning the fruit, but 
later used for the colour too 
came into English via a trail of 
other languages. 

It ultimately comes from 
India (Tamil via Sanskrit), from 
where it arrived into English 
in the 15th century via Persian, 
Arabic, Italian and French. So 
"orang-utan" and "orange" are 
unconnected etymologically. 

Linguistic coincidences are 
quite common, as it happens. 
The word for "dog" in Mbabaram, 
an indigenous Australian 
language, is dog, although 
the word is not borrowed from 
English. Similarly, the word 
for "honey" in both Hawaiian 
and ancient Greek is meli. 
Chance similarities are a major 
problem in establishing whether 
two languages derive from a 
common ancestor. 

Sometimes these coincidences 
take on a life of their own. At one 
time a berfry was a tower, but 
when people started to associate 
the first part of it with the word 
"bell", it changed to "belfry" and 
started to mean a tower with a 
bell in it. So far, no one is claiming 
that orang-utans are so named 
because they are orange, but it's 
not inconceivable that one day 
someone might. 
David Willis 
Department of Linguistics 
UniversityofCambridge, UK 
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