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The key to understanding 
everything is understandingn thing

Nothing: Surprising Insights Everywhere from Zero to Oblivion
Edited by Jeremy Webb, New Scientist editor-in-chief
Trade paperback original and ebook • $14.95 US
Available wherever books are sold
theexperimentpublishing.com/nothing

Almost nothing is as curious—or as enlightening—as, well, nothing!

In the new book from New Scientist, twenty-one leading science writers—
including Ian Stewart, Paul Davies, Jo Marchant, Marcus Chown, Michael 
Brooks, and David Fisher—explore the idea of nothingness, using it as a 
lens through which we can better understand the universe—and ourselves. 

From the big bang, absolute zero, and the void to vestigial organs, 
hypnosis, and dark energy, prepare to be amazed at how much more there 
is to nothing than you ever realized.
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LEADERS

A TINY baby, gurgling with 
pleasure; a heavily tattooed 
young woman burying her face  
in her hands. Videos of formerly 
deaf people, overcome by 
emotion as they hear for the first 
time, are wildly popular. It is easy 
to see why: they vividly capture 
the moment that someone joins 
the world of the hearing.

But to some, such videos can 
seem misleading, if not offensive, 
in the impression they give of  
a miracle cure. Not everyone  
can use the cochlear implants 
featured and those who do 
sometimes struggle to make sense 
of what they hear. A growing 
number of people now reject the 
idea of deafness as a disability 
that needs curing; rather, they 
identify with a Deaf community 
with a rich culture of its own. 

All can be differently abled

Testing time for inflation

Science won’t just fix impaired senses – it can give us new ones, too

These issues are about to snap 
into sharper focus. We should 
soon know if gene therapy can 
safely restore ear function, rather 
than emulate it as implants do,  
or amplify it as hearing aids do.  
If it can, a large number of people 
who lost their hearing through 
damage or disease will be able  

to regain “natural” hearing  
(see page 8). But will they want it?

Many will, of course. But those 
who have spent much of their  
life unable to hear may find it 
hard to choose between the 
milieu they know, and a medical 
procedure that will open up one 

they have barely experienced.
Increasingly, there is a third 

way. Advances in biomedical 
technology are making the 
distinction between “disabled” 
and “differently abled” more 
nuanced than ever. One New 
Scientist staffer, for example,  
is hacking hearing aids to make 
them report signals humans  
can’t usually detect, such as Wi-Fi. 

Spectacles and walking sticks 
are socially unremarkable; soon 
augmented reality headsets and 
multifunctional prosthetic limbs 
will be, too. These, and other 
assistive technologies on the 
horizon, won’t so much “cure” 
disabilities as offset them. 

That’s going to make for many 
more tough choices as more 
people find the approach that best 
suits them. Vive la difference.  ■

“THE wolves are circling the 
campfire.” That’s how one 
cosmologist describes the 
reaction of some of his  
colleagues to last month’s 
headline-grabbing discoveries 
about the early universe.

One stunning claim was that 
the BICEP2 telescope at the South 
Pole had seen evidence that the 
universe underwent a period of 
rapid inflation. Another was that 

it had detected the imprint of 
long-sought gravitational waves.

Those claims have since come 
under intense scrutiny. Some 
physicists now say that the team 
didn’t adequately exclude other 
processes that could have given rise 
to the data (see pages 14 and 32).

So is what some commentators 
described as the “discovery of  
the century” about to be brought 
crashing down? There is real  

room for doubt about the results. 
Confirmation bias is as much a 
danger in the physical sciences  
as elsewhere: by setting out with  
a clear theoretical prediction of 
what they should see, the BICEP2 
team may have ended up seeing 
exactly what they wanted to.

Nonetheless, they were right to 
publish their results early to allow 
rigorous independent scrutiny. 
A robust debate should now 
determine whether it was a case 
of publish to be feted, or publish 
to be damned.   ■

ARC TAKES ON THE CORPORATE FUTURE

THE future is unknowable, which 
is why we find stories about it  
so compelling. And some of the  
best storytellers around are big 
businesses, for whom an uplifting 
vision is often as important as a 
good product. But can they really 
understand and direct our futures, 

or is it a big confidence trick? To coin 
a phrase: is it just “chromewash”?

In the new issue of Arc, our journal 
of the future, we ask if the masters of 
the universe are chromewashing to 
conceal their powerlessness. Stories 
by Ned Beauman, Jane Rogers, Tim 
Maughan and Matthew De Abaitua 

explore the confused future of 
business, while Joanna Kavenna 
reviews Al Gore’s inconvenient 
futures and Marek Kohn explains 
what won’t change.

Business as usual at Arc – or maybe 
just chromewash. Visit arcfinity.org 
now to get your copy.  

“A growing number of 
people reject the idea of 
deafness as a disability 
that needs curing”
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THE pitch has dropped. The 
footage of a falling blob of the 
tarry substance is a first for 
the world’s longest-running 
experiment.

Begun in 1930 at the University 
of Queensland in Australia, the 

experiment seeks to capture blobs 
of pitch separating under gravity 
and dripping down. It was set 
up to illustrate that although 
pitch appears solid at room 
temperature and will shatter 
when hit, it is actually a very 
viscous liquid.

The Queensland experiment 
was pipped to the post last year 
when a similar experiment, set up 
in 1944 at Trinity College Dublin 
in Ireland, captured the first ever 
video footage of a blob of pitch 
dropping. Still, the Australian 
result is important because the 
experiment has a better set-up, 
says Stefan Hutzler, a member of 

MOZZIES in Brazil could soon be 
dropping like flies. On 10 April, 
Brazil became the first country to 
approve the commercial use of 
genetically modified insects when 
it gave the green light to GM 
mosquitoes designed to control 
the spread of dengue fever.

Biotech firm Oxitec of Oxford, 
UK, has genetically engineered 
males of the species Aedes aegypti 
so that their offspring die before 
reaching maturity. If released GM 
males mate with enough females, 
a population crash should ensue, 
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Pitch drips at last GM buzz in Brazil

UPFRONT

“ Although pitch appears 
solid and will shatter  
when hit, it is actually  
a very viscous liquid”

–A piggyback in its prime–

–Do chemical strikes persist in Syria?–

the Trinity College Dublin team. 
“Theirs is in a glass container; 
they measure the temperature, 
the humidity as well,” he says.

The Australian team filmed the 
collision between the ninth blob 
to fall and the eighth, which was 
still sitting at the bottom of their 
beaker, but a strand of pitch still 
links the ninth to the stuff above 
(watch the video at bit.ly/84years). 

The next step is to see how long 
it takes the ninth drop to separate 
fully. “It may tip over quickly or it 
might take years to break away,” 
says Andrew White, the 
experiment’s custodian.

dramatically reducing the chance 
they will pass the dengue virus 
to humans. Field trials in the 
city of Jacobina saw mosquito 
populations plummet by 79 per 
cent between June and December 
last year, the company claims. 

Dengue fever affects more 
than 50 million people worldwide 
every year and can be deadly. 
Insecticides are often ineffective 
because the virus can spread too 
far before people get symptoms.

The US Food and Drug 
Administration is reviewing GM 
insects for use in the US, where 
dengue has recently reappeared.

A BOEING 747 that gave piggyback 
rides to space shuttles is about to 
hit the road one last time.

On 28 April, a convoy carrying 
the dismantled jet will begin its 
journey to Space Center Houston 
in Texas, where the plane will be 
the centrepiece of a new exhibit.

NASA used two modified 747s 
to ferry its space shuttles around 
the country. After the shuttle fleet 
retired in 2011, the spacecraft were 
placed in museums.

Carrier jet convoy
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Gassed and starved
WITH 80 per cent of the Syrian 
regime’s chemical weapons removed 
or destroyed, who could be behind 
the alleged dropping of toxic-gas 
canisters on Kfar Zeita, a rebel-held 
village 200 kilometres north of 
Damascus? The US wants to know. 
“We’re examining allegations that 
the government was responsible,” 
the State Department said on Monday. 

A detailed report on the incident 
by the Violation Documentation 
Center – an independent Syrian 
organisation recording alleged 
atrocities in the three-year-old 
conflict – says that three barrels of 
toxic gases were dropped on the 
village on 11 April. Casualties suffered 
“suffocation, dry cough… foamy 
saliva and vomiting”, says the 
report. Other sources say that 

dozens of people were affected. 
The Syrian government denies 

involvement, blaming rebels 
affiliated with Al-Qaida. The 
Organisation for the Prohibition of 
Chemical Weapons, which this week 
reported the 80 per cent figure, is 
now investigating. 

Meanwhile nearly 20,000 people 
in Yarmouk in southern Damascus 
are starving after the government 
blocked food shipments to a 
Palestinian refugee camp. The United 
Nations says food ran out there on 
19 April. “It is unprecedented in 
living memory for a [UN]-assisted 
population to be subject to abject 
desperation in this way and the sheer 
humanitarian facts cry out for a 
response,” a UN Relief and Works 
Agency spokesman said.
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MIDDLE East respiratory 
syndrome (MERS) is on the move. 
Last week, Greece, the Philippines 
and Malaysia identified their first 
cases of the coronavirus, which 
emerged in Saudi Arabia in 2012. 
All could be traced back to the 
Arabian peninsula, where there is 
an upsurge in the virus.

A 69-year-old Greek man who 
lives in Jeddah, Saudi Arabia, flew 
to Athens and was hospitalised 
with MERS on 17 April. He may 
have been infected while visiting 
a hospital in Jeddah weeks earlier. 

A Filipino male nurse, who had 

been in contact with a man who 
died of MERS in Abu Dhabi, was 
confirmed as being infected with 
the virus after flying back to the 
Philippines on 15 April. The man 
has now cleared the virus from his 
system and neither he nor any of 
the other nine people quarantined 
have developed symptoms.

The Malaysian case involved a 
54-year-old man who had just 
performed the Umrah Islamic 
pilgrimage to Mecca. He flew from 
Jeddah, where 45 people have 
caught the virus since March, and 
died on 13 April. He was the first 
known foreign pilgrim to be 
infected. 

MERS out of Arabia 
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Optimum prime
THE game of primes has ended, 
for now. Over the past year, 
mathematicians have been 
battling it out in a game involving 
prime numbers: numbers that are 
only divisible by themselves and 1.

A ceasefire has now been  
called after the game became  
too difficult, but the players are 
tantalisingly close to proving 
a theory dating from 1849.

The twin prime conjecture 
posits that there are an infinite 
number of pairs of primes 
separated by two, such as 3 and 5. 
In May 2013, Yitang Zhang at the 
University of New Hampshire in 
Durham made the first major 
progress by proving that there are 
an infinite number of prime pairs 
separated by at most 70 million. 
Since then, researchers have been 
collaborating – and competing – 
online to find prime pairs 
separated by smaller intervals. 

In a few weeks they had reduced 
the gap to just under 5 million, 
and today it stands at 246. In 
theory, the methods used could 
find gaps as small as six, but the 
researchers say they have reached 
a point of diminishing returns.

“Perhaps the better thing to do 
is wait and see if some new idea 
emerges from elsewhere,” says 
Terence Tao at the University of 
California, Los Angeles. –Enough Mississippi sand banked-    

Houston’s bid to display one of 
the retired shuttles was turned 
down. Instead, the city was 
awarded a shuttle mock-up called 
Independence, along with one of 
the carrier planes. The museum 
plans to mount the mock shuttle 
on top of the 747 as if they were 
about to take flight. The exhibit 
should open by February 2015.

First, the plane has to get there 
from Ellington Field, 13 kilometres 
away. To fit through city streets, 
the 70-metre-long aircraft has 
been dismantled and its parts put 
on trailers. There won’t be much 
fanfare – the convoy will travel at 
night to avoid traffic disturbances.

60 SECONDS

One direction
This month, for the first time in our 
history, carbon dioxide readings at 
the Mauna Loa observatory, Hawaii, 
will exceed 400 parts per million for 
a full month. It is a symbolic breach – 
for global warming to keep under 
2 °C, atmospheric CO2 must stabilise 
at 400ppm, models suggest. But at 
the minute, the only way for CO2 is up.

Monkeying with maths
Monkeys can add. The animals have 
been taught to do addition using the 
numbers 1 to 25 – the best evidence 
yet that primates have a talent for 
mathematics (PNAS, doi.org/sfj). But 
just like people, the monkeys made 
more mistakes when the numbers to 
be added were nearly the same size.

Five into one does go
A pill that contains five different 
heart drugs appears to be as 
effective as taking the drugs 
individually, concludes a review of 
data from 7050 adults. Advocates of 
the polypill hope it will reduce the 
number of deaths from cardiac 
disease (Cochrane Database of 
Systematic Reviews, doi.org/sdv).

Vulnerable to burgers
For some, eating burgers and other 
processed meat might be an even 
worse health choice than first 
thought. A genome analysis 
involving more than 18,000 people 
has identified a common gene 
variant that raises the risk of 
developing colorectal cancer among 
those who eat a lot of processed 
meat (PLoS Genetics, doi.org/sfm).

SpaceX gets its sea legs
Private space wants to go green. 
As part of a cargo delivery run to  
the International Space Station on 
18 April, SpaceX made the first test 
flight of a rocket with landing legs – 
a step towards reusable rockets. The 
leggy stage later made a controlled 
Atlantic splashdown. The same day, 
the firm released video of a reusable 
version of its Falcon 9 rocket making 
its first test flight over Texas.

Big sandy river could save delta
MAYBE the Mississippi river delta isn’t 
doomed. Infamous for its flood risk – 
the city of New Orleans on the delta 
was inundated after hurricane 
Katrina in 2005 – the area is sinking 
fast, having lost some 5000 square 
kilometres of land beneath the waves 
over the last 80 years. 

Dams on rivers that run into the 
Mississippi and through the delta 
were thought to be starving it of the 
sediment it needs to stay above sea 
level. But it now seems there is 
enough sand to feed the delta for the 
next 600 years. 

Jeffrey Nittrouer at Rice University 
in Houston, Texas, looked at records 
of the amount of sediment carried by 
the Mississippi river stretching back 
40 years. After a spate of dam-

building, the total volume of sediment 
in the river dropped – but the amount 
of coarse sand has remained the 
same. That’s because while the dams 
stopped new sediment flowing into 
the river, vast quantities of sand 
were already trapped in riverbed 
dunes downstream of the dams 
(Nature Geoscience, doi.org/sfr). 

Sand will continue to wash into 
the delta at a steady rate for a long 
time to come, Nittrouer says – good 
news for several proposals that aim 
to use river sediment to rebuild the 
sinking delta. 

Sea level rise could still affect the 
shape and size of the delta, however. 
As water from the Gulf of Mexico 
encroaches, the river may slow and 
dump its sediment further upstream.
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Helen Thomson

IN TWO months’ time, a group of 
profoundly deaf people could be 
able to hear again, thanks to the 
world’s first gene therapy trial 
for deafness.

The volunteers, who lost their 
hearing through damage or 
disease, will get an injection of a 
harmless virus containing a gene 
that should trigger the regrowth 
of the sensory receptors in the ear. 

The idea is that the method will 
return a more natural sense of 
hearing than other technologies 
can provide. Hearing aids merely 
amplify sounds, while cochlear 
implants transform sound waves 
into electrical waves that the brain 
interprets, but they don’t pick up 
all of the natural frequencies. This 
means people can find it difficult 
to distinguish many of the 
nuances in voices and music.

“The holy grail is to give people 

natural hearing back,” says 
Hinrich Staecker at the University 
of Kansas Medical Center, who is 
leading the trial. “That’s what we 
hope to do – we are essentially 
repairing the ear rather than 
artificially imitating what it does.”

There are still many things we 
don’t know about how the ear 
works. This is because the delicate 
machinery of the inner ear is 
enclosed in the hardest bone in 
the body, making it difficult to 
isolate without causing damage.

What we do know is that sound 
waves are funnelled into the ear, 
making the ear drum vibrate. 
These vibrations are transferred 
to the cochlea in the inner ear via 
three tiny bones. Thousands of 
sensory receptors line a part of the 
cochlea called the organ of Corti, 
as rows of inner and outer hair 
cells. Sound waves, amplified by 
the outer hair cells (shown above 
right), vibrate the inner hair cells, 
opening ion channels on their 
surface that let neurotransmitters 
flow in. This triggers electrical 
activity in the cochlear neurons, 
passing the information to the 
brain so it can be processed.  

Both inner and outer hair cells 
can be damaged by loud noises, 

drugs such as some antibiotics 
and disease, and don’t regrow.  
A possible fix arose in 2003,  
when researchers discovered  
that certain genes can transform 
the cells supporting the hair cells 
into both types of hair cell.

To see whether one of these 
genes, called Atoh1, could be used 
to improve hearing, last year 
Staecker and colleagues inserted it 
into a harmless virus and injected 

that into the cochlea of mice that 
had had almost all of their hair 
cells destroyed. Two months later, 
the rodents’ hearing had 
improved by about 20 decibels. 
“This is about the same difference 
between hearing with your hands 
over your ears, and what you hear 
ordinarily,” says Lloyd Klickstein, 
head of translational medicine at 
Novartis, the Swiss drug company 
collaborating on the trial.

Staecker’s team have now got the 
go-ahead to do the same in people. 
In the next month, they will begin 
searching for about 45 volunteers 
who have severe hearing loss, most 
likely caused by the side effects of 
drugs. This group will have lost a 
large number of hair cells, but will 
still have supporting structures, 
such as neurons, present in the 
inner ear. “The biggest risk is  
that we interfere with residual 
hearing, so we’re starting with 
people who have lost almost all 
hearing already,” says Klickstein.

People between the ages of 18 
and 70 will be eligible for the trial. 
Those who are born deaf won’t be 
because they often don’t have the 

THIS WEEK

Let there be sound 
Gene therapy could restore hearing to those who have lost it 
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“The holy grail is to give 
people natural hearing 
back – that’s what we hope 
to do by repairing the ear”

1 Sound waves are 
directed to the ear drum...

2 ...where they 
are transmitted 
to the cochlea

3 Here, hair cells convert 
sound waves into electrical 
impulses, which are sent
to the brain via nerves

COCHLEA

ORGAN OF CORTI
(hair cells)SOUND 

WAVES

1
2

3

4

5

EAR DRUM

4 Doctors inject a 
virus containing 
the Atoh1 gene 
into the cochlea 

...but loud noise, drugs or age can damage these hair cells, 
leading to deafness. To counteract this...

5 The Atoh1 gene 
converts supporting 
cells into new hair cells, 
replacing the dead cells

COCHLEAR NERVE

DEAD HAIR CELLS

SUPPORTING 
CELLS

OUTER HAIR CELLS

INNER HAIR CELLS

Good vibrations
Hair cells in the ear convert sound vibrations 
to electrical impulses, allowing us to hear...
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structures needed to support hair 
cells. Staecker estimates that the 
approach could help 1 to 2 per cent 
of all people with hearing loss, up 
to 7 million people in the US.

Sticking plasters
The trial will start at the 
University of Kansas Medical 
School before being widened to 
other institutions. As with the 
mice, the team will inject the  
viral gene package directly into 
the volunteers’ cochlea by peeling 
back their ear drum and passing  
a needle through a tiny hole  
made by a laser (see diagram, left). 
The Atoh1 gene should reach the 
supporting cells, instructing them 
to divide and form new hair cells. 
Results are expected between two 
weeks and two months later. 

“Today’s medical treatments 
are largely limited to hearing aids 
and cochlear implants, which are 
essentially just sticking plasters,” 
says Ralph Holme, head of 
biomedical research at UK charity 
Action on Hearing Loss. “This is 
why the planned trial is extremely 

In this section
■ Building a dark wormhole, page 11
■ The world’s life – in a silicon ecosystem, page 12
■ Robocops in Russia, page 22

encouraging and offers hope to 
the millions affected by hearing 
loss that a cure is possible.”

Jeffrey Holt at Harvard Medical 
School, who isn’t involved in the 
trial, calls it ground-breaking and 
says he is cautiously optimistic 
about the work. “Hopes are high 
that the trial will yield positive 
results without introducing 
unnecessary complications.”

The only expected side effect is a 
brief period of dizziness or nausea, 
a common occurrence after ear 
surgery. In pre-clinical tests, 
Novartis researchers looked to see 
if the virus spread to any other 
tissues, but found it was restricted 
to the site of injection. It has also 
been designed to have limited 
potential to recombine with the 
volunteer’s DNA so it is unlikely 
to cause problems elsewhere. 

Many other species, such as fish 
and birds, can regenerate the hair 
cells in their inner ear over time 
and create new auditory circuits, 
says Klickstein. “We’re just trying 
to tweak the mammalian system  
a little bit to do what a lot of other 
species do naturally”.  ■ SC
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–Fully functional-

FIRST, pour some graphite powder 
into a blender. Add water and 
washing-up liquid, and mix at high 
speed. Congratulations, you just made 
the wonder material graphene.

This surprisingly simple recipe  
can mass-produce graphene – sheets 
of carbon just one atom thick. The 
material’s unusual electrical and 
thermal properties give it the potential 
to revolutionise electronics. But until 
now, making large quantities of 
high-quality graphene has proved 
difficult. The best lab techniques 
manage less than half a gram an hour.

“There are companies producing 
graphene at much higher rates, but 
the quality is not exceptional,” says 
Jonathan Coleman at Trinity College 
Dublin in Ireland.

Coleman’s team was contracted  
by chemicals firm Thomas Swan in 
Consett, Ireland, to come up with 
something better. Graphite, the  
form of carbon found in pencil lead,  
is essentially made from sheets of 
graphene stacked together like a  
deck of cards. From previous work 
they knew that sliding it in the  
right way can separate the layers.

So, the team put graphite  
powder and a solvent fluid in a 
laboratory mixer and set it spinning. 
Analysis with an electron microscope 
confirmed that they had produced 
graphene at a rate of about 5 grams an 

hour (Nature Materials, doi.org/sfp). 
To find out how easy it is to scale up 
the process, they trialled different 
motors and solvents. They found that 
a kitchen blender and Fairy Liquid, a 
UK brand of washing-up liquid, would 
also do the job.

Coleman says you may not want to 
try this at home, though. The exact 
amount of washing-up liquid required 

depends on the properties of your 
graphite powder, such as the size 
distribution of the grains and whether 
it contains any stray materials other 
than carbon. 

The method also doesn’t convert  
all the graphite to graphene, so the 
materials have to be separated 
afterwards. These tasks can only be 
done using advanced lab equipment.

Still, the team’s calculations 
suggest the technique is scalable to 
industrial levels – a 10,000 litre vat 
with the right motor could produce  
up to 100 grams of graphene an hour. 
Thomas Swan has already started 
work on a pilot system.

Andrea Ferrari at the University of 
Cambridge says the ability to produce 
large quantities of high-quality 
graphene is useful, but not essential 
for all applications. For example, 
graphene with defects binds more 
easily to other molecules, making it 
suitable for developing batteries or 
composite materials.

The method’s simplicity echoes the 
original isolation of graphene, which 
used sticky tape and a pencil. That 
work won Andre Geim and Konstantin 
Novoselov at the University of 
Manchester a Nobel Prize in 2010. 

“Initial plans for scale up were in 
hindsight terribly complicated, which 
turned out to be unnecessary,” says 
Coleman. “Perhaps we are bad at 
realising how simple things can be.”  
Jacob Aron  ■

Make graphene at home 
with soap and a blender

“ The method is simple, like 
the original isolation of 
graphene, which used 
sticky tape and a pencil”

–Graphene smoothie–
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Andy Coghlan

HERE’S another reason to be fit and 
healthy. Staying free of “lifestyle 
diseases” and infections could 
put the brakes on Alzheimer’s. 

The advice comes from teams 
that have pieced together how 
these bodily ailments create 
inflammation that ultimately 
spills over into the brain, 
sending its immune cells into a 
hyperactive, destructive state.

“The idea is simple: monitoring 
and prompt treatment [of 
inflammation] could prevent 
the decline from Alzheimer’s,” 
said Hugh Perry of the University 
of Southampton, UK, as he 
presented the research at the 
Alzheimer’s Research UK annual 
meeting in Oxford last month.

As well as revealing step by 
step how disease and infection 
can aggravate and accelerate the 
early stages of Alzheimer’s, Perry 
and his colleague Clive Holmes 
have begun a pioneering trial in 
40 people to see if a drug that acts 
to dampen inflammation in the 

body can help delay the progress 
of the brain disease. Etanercept is 
already prescribed to people with 
rheumatoid arthritis, and works 
by sponging up a molecule that 
aggravates inflammation. 

According to Alzheimer’s 
Disease International, 44 million 
people globally have dementia, 
of which Alzheimer’s is the most 
common type. The beginnings  
of the disease are characterised  
by the appearance in the brain  
of plaques of amyloid proteins 
and tangles of tau proteins.  
They prompt the brain’s native 
immune cells, the microglia,  
to multiply in a bid to dispose  
of the troublesome new debris. 

The downside of this heightened 
state is that it also makes the 
microglia unusually sensitive to 
any other signs of trouble – for 
example, signals sent to the brain 
as a result of bodily inflammation. 
This stirs up the microglia even 
further, tipping them into a 
hyperactive state in which they 
attack healthy neurons, boosting 
the progression of Alzheimer’s. 

Now Perry and Holmes  
have built up a detailed picture  
of how this happens through 
experiments in mice with 
prion disease, a model of 
neurodegeneration. They show 
that as the disease develops, 
two inflammatory molecules 
produced in the brain – proteins 
called interleukin 34 and colony-
stimulating factor-1 – activate 
the microglia. 

Other inflammatory molecules 
that provoke the microglia are 
made by the white blood cells that 

gobble up bacteria and other 
sources of infection in the 
body. These cells are overactive 
in conditions of chronic 
inflammation such as diabetes, 
atherosclerosis and obesity. 

Once these alarm signals  
reach the surfaces of blood vessels 
lining the brain, the microglia 
produce a neurotoxic molecule 
called interleukin-1 beta. This 
is followed by a mass die-off of 
neurons and a lasting decline 
in memory and other cognitive 
abilities (Nature Reviews 
Neurology, doi.org/sc8). 

Separate work by Colm 
Cunningham and his colleagues 
at Trinity College Dublin in 
Ireland has shown that 
interleukin-1 beta is a likely 
neuron-killing culprit, along with 
other inflammatory molecules 
called prostaglandins (Journal of 
Neuroscience, doi.org/sdr). They 
have also shown that taking a type 
of anti-inflammatory drug can 
prevent the cognitive decline in 
mice produced by this cascade 
of inflammatory events. 

The results of Perry and 
Holmes’s human trial of 
etanercept – also an anti-
inflammatory – are expected later 
this year. The hope is that the 
drug will delay the progression of 
Alzheimer’s. If it is found to, the 
results will bolster the theory that 
combating infection and chronic 
inflammation in the body is 
an effective strategy to keep 
Alzheimer’s at bay. 

It’s an attractive theory because 
it implies that the disease could 
be slowed with drugs that work 
outside the brain. Recent research 
has focused on combating the 
plaques and tangles in the brain, 
with disappointing results. “They 
are clearly not irrelevant, but 
patients continue to get worse 
even if the plaques are cleared,” 
says Cunningham.

The inflammation theory is 
also making sense to other teams. 
“We’re already looking at the role 
of microglia as a causal factor 
linking diabetes to Alzheimer’s,” 
says Ewan McNay of the 
University at Albany in New York.

So can people help themselves 
steer clear of Alzheimer’s by 
adopting lifestyles that avoid 
inflammatory disease? “We know 
that exercise and a healthy diet 
that avoids obesity and diabetes 
are sensible strategies for other 
aspects of our health. Emerging 
data suggest this will also slow 
brain decline,” says Cunningham. 
“Actively treating bodily 
inflammation in middle age and 
beyond may lessen the effects of 
these conditions on the brain’s 
decline in old age.”  ■

Keep the body well 
to slow Alzheimer’s
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–Ailing bodies can harm the mind
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“ Monitoring and prompt 
treatment of inflammation 
could prevent the decline 
seen in Alzheimer’s”
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THE people of Tokyo have long 
lived in fear of another great 
earthquake – fears that seem 
to be increasingly justified. 

Slow-motion earthquakes have 
become more common near the 
city in the last few years, causing 
tectonic stresses to build up. And 
the after-effects of the Tohoku 
megaquake, which struck off the 
north-east coast of Japan in 2011, 
causing a devastating tsunami, 
are also pushing the area towards 
a big quake. But seismologists 
can’t predict when it might occur, 
nor which part of the region’s 
complex fault system will break.

Shinzaburo Ozawa of the 
Geospatial Information Authority 
of Japan in Tsukuba used GPS 
sensors to track the surface 
motion of the Boso peninsula, the 
eastern side of Tokyo Bay. Between 
28 December 2013 and 10 January 
2014, he detected centimetre-scale 
shifts. These were caused by two 
tectonic plates slipping by about 
10 centimetres in total. The 
motion released as much energy 
as a magnitude 6.5 earthquake, 
but caused no damage because 
it was spread over two weeks.

Seismographs don’t record such 
slow slips, so they went unnoticed 
until GPS came along, says Heidi 
Houston of the University of 

Washington in Seattle, who wasn’t 
involved in the research.

The concern is that the slow-slip 
quakes seem to be occurring more 
frequently, a sign of increasing 
tectonic stress in the region. The 
latest slip came only 2.2 years after 
the previous one, a month-long 

slip in late 2011. The first slips 
detected, beginning in 1996, 
were 6.4 years apart (Geophysical 
Research Letters, doi.org/sfq)

The Boso slip is a reminder 
that “it is essential to keep a 
close eye on the deformation 
and seismicity in this region”, 
says Roland Burgmann of the 
University of California, Berkeley.

But Goran Ekstrom at Columbia 
University in New York says that 
because so few slow-slip events 

Slo-mo tremors make big 
Tokyo quake more likely
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–A history of quakes–

For daily news stories, visit newscientist.com/news

“A version of gravity that 
involves repulsive matter 
would allow us to build a 
stable wormhole”

DARK energy just opened a can of 
wormholes. An extension of Einstein’s 
gravity may explain this strange  
force and give us stable wormholes  
to navigate quickly through the 
cosmos – but there is a catch.

Building one of these cosmic 
shortcuts would require talking with 
aliens made of exotic matter, who can 
only send us messages via space-time 

Ask ET to help 
build a working 
wormhole

ripples called gravitational waves.
The universe is expanding at 

ever-increasing speeds, and the 
prevailing theory is that a mysterious 
force called dark energy is driving it. 
But Manuel Hohmann at the 
University of Tartu in Estonia has  
been working on an alternative called 
multimetric gravity, which involves 
copies of the standard model of 
particle physics that each have 
slightly different properties.  

Particles within a copy interact with 
each other as usual to build matter. 
But those from different copies would 
only interact via gravity, and they 

would repel rather than attract each 
other. If galaxies made from repulsive 
matter exist between our regular 
galaxies, that could explain the 
expansion flinging them apart.

The theory could also generate 
wormholes, says Hohmann. Most 
schemes to make stable wormholes 
require matter with negative 
energy – something we have never 
seen. But if a wormhole is built with 

equal amounts of regular and 
repulsive matter, that would hold it 
open (Physical Review D, doi.org/sdz). 

To build one, civilisations made 
from each type of matter would need 
to cooperate and they could only talk 
via gravitational waves.

Hohmann accepts this scenario has 
its difficulties. But if dark galaxies are 
out there, he thinks we can find them. 
Normal galaxies warp space-time in a 
way that can magnify light from 
objects behind them. A dark galaxy 
would defocus light, creating a faint 
smudge that future telescopes may 
be able to spot.  Jacob Aron  ■

have been recorded, the increase 
in frequency could just be natural 
variation.  

Other evidence also suggests 
that a big Tokyo quake is on the 
way. After the Tohoku megaquake, 
the frequency of seismic activity 
in the Tokyo area jumped tenfold, 
before levelling off at three times 
the pre-quake rate.

Based on that increase, a study 
last year estimated that there  
was a 17 per cent chance of a large 
quake under Tokyo between 
March 2013 and March 2018. That 
is two-and-a-half-times higher 
than if the Tohoku quake hadn’t 
happened (Geophysical Research 
Letters, doi.org/scz).

The Tohoku quake has 
“completely rearranged the 
whole system in north-east 
Japan”, says Burgmann. The 
findings “definitely point to the 
very complicated area around 
Tokyo becoming a zone of greater 
hazard”, he says.

Four tectonic plates meet in the 
Tokyo area, and as a result it has 
experienced several quakes above 
magnitude 7 in the past 400 years. 
The largest was the Genroku 
quake, estimated at magnitude 
8.2, that killed 2300 people on 
31 December 1703.

However, the deadliest was 
the magnitude 7.9 Great Kanto 
earthquake on 1 September 
1923, pictured left, which killed 
100,000 people – with some help 
from a typhoon.  Jeff Hecht  ■
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Catherine Brahic

WE CAN simulate the climate  
and we can even simulate babies. 
Now, we can simulate life on 
Earth, too – the vast and complex 
interactions of the living 
organisms on our planet. 

Named Madingley, after the 
village in Cambridgeshire, UK, 
where the idea was dreamt up, it is 
a mathematical model that may 
help us predict the future. It could 
tell us what would happen if all the 
bees disappeared, the difference 
it would make if pandas died out 
and what the world might have 
looked like if humans had never 
invented intensive farming. The 
work also suggests that the basic 
structures of all ecosystems can be 
recreated using a small number 
of universal ecological principles. 

The Madingley computer model 
is the first of its kind to simulate 
the way in which all types of 
organisms interact on a global 
scale. Researchers attempting to 
model ecosystems typically take  

a top-down approach, collecting 
as much data as they can from a 
chosen system, such as a forest  
or an ocean, and cramming it into 
a model. Instead, Drew Purves  
of Microsoft’s Computational 
Science Lab in Cambridge and his 
colleagues built a mathematical 
world that obeys the same basic 
principles as life on Earth. 

“It’s a silicon ecosystem. That’s 
what is really nice about it,” says 
Georgina Mace of University 
College London, who was not 
involved in the project. “It has all 
these interactions between the 
physical environment and all the 
different ecosystem components 
that exploit it.”

The team first simulated the 
physical Earth, with continents, 
oceans and a global climate, and 
then populated it with digital 
organisms. As in the world outside 
your window, life inside Madingley 
comes in all forms, from plants  
to herbivores to carnivores, some 
of which are cold-blooded, others 
warm blooded, and all of which 

come in a range of sizes, down to 
those as small as aphids. It does 
not simulate specific species quite 
yet, but rather types of animals.

“We throw small amounts of 
every type of animal and plant 
everywhere and off they go,” says 
Purves. The team was able to watch 
as different kinds of organisms 
went through periods of boom and 
bust, some vanishing completely 
from one environment but 
thriving in another, others 
competing for space or finding 
ways of moving into new niches. 
But eventually, things settled 
down into an equilibrium that 

looks roughly like the real state 
of play on Earth, with similar 
proportions of different types 
of life (PLoS Biology, DOI: 10.1371/
journal.pbio.1001841). 

Before they could press play 
and set their simulated life forms 
in motion, the team had to give 
Madingley some basic rules. 
We know, for instance, that 
predators tend to prey on things 
that are roughly one-tenth of  
the mass of their own body,  

so the animals in Madingley do 
too. There is also a relationship 
between body temperature and 
how large animals can get, so this 
forms the basis of another rule.

“Out of everything we put in, 
something emerges that looks 
about right,” says Purves. “We get 
a collection of individuals in each 
place, and patterns of who eats 
who, how quickly they’re growing 
and dying. We have a virtual world 
and it’s incredibly rich.” 

The model currently predicts 
only the types of organisms 
expected in each environmental 
niche. But it is open source, 
available to all scientists to play 
with, so Purves hopes that with 
extra work the model will be able 
to simulate precise situations.  
For instance, if an invasive snake 
were wreaking havoc on an 
ecosystem – as happened on  
the Pacific island of Guam – we 
could safely test the potential of 
various solutions. To make such 
testing possible, the researchers 
are now building extra 
parameters, including humans, 
into the model. At the moment  
we aren’t included – the Earth of 
Madingley is “pristine”.

“Building ecology first  
makes sense, but eventually 
humans in particular will need  
to be recognised as part of the 
ecosystem and modelling that 
part is really hard,” says Beth 
Folton of CSIRO Marine and 
Atmospheric Research in Hobart, 
Australia, who has led efforts to 
build several large ocean models.

“At the moment we don’t have 
any way of looking at how global 
environmental change – that is, 
climate change or massive land-
use change – is going to affect 
ecological communities,” says 
Mace. Now we do. Mace says that 
with a general ecosystem model 
like Madingley, it becomes possible 
to simulate what would happen  
if top predators like tuna or  
tigers were hunted to extinction, 
or if vast swathes of land were 
turned into monocultures through 
farming. “That’s incredibly 
important,” she says.  ■

All world’s life in a 
silicon ecosystem
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“ We throw small amounts 
of every type of animal 
and plant everywhere 
and off they go”

–Run it again, with extra goats–
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Debora MacKenzie

TO PROTECT yourself from most 
viruses, you need to be vaccinated 
before you catch them. Once you’ve 
been infected by a virus, there are very 
few drugs that can attack it. But a drug 
now promises to battle the measles 
virus in much the same way that 
antibiotics fight bacteria. 

Epidemiologists have dreamed of 
eradicating measles – a disease that 
killed 122,000 people in 2012, mostly 
children in poor countries under the 
age of 5. But the virus is making a 
comeback in rich countries because 
some parents are deciding not to 
vaccinate their children against it, 
influenced by inaccurate claims that 
vaccines cause harm.

In addition, this month the first case 
of a vaccinated person spreading the 
virus was reported. Public health 
officials who uncovered the case in 
New York City speculate that it may 
have happened because the battle 
against measles has been so effective. 
Vaccinated people can need boosters 
to remain immune. When measles was 
common, exposure to people with 
measles acted as a booster – but now 
it is relatively rare.

An antiviral drug could fight the 
disease in people who have been 
exposed but are not vaccinated or 
have lost immunity. It could also keep 
them from spreading the virus. Such a 
drug may now be within reach. Called 
ERDRP-0519, it was discovered in 

2007 by Richard Plemper of Emory 
University in Atlanta, Georgia, and 
his colleagues. The drug blocks an 
enzyme vital to the virus’s replication.

However, there’s a flaw. In lab tests, 
ERDRP-0519 protected ferrets that 
had been infected with a measles-like 
virus. But animals given the drug just 
before they got the virus died two 
weeks after drug therapy ended. Tests 
suggest that the drug stopped the 
virus replicating so completely that the 
ferret immune systems weren’t able to 
develop immunity to it, leaving them 

vulnerable to remaining virus once 
treatment stopped (Science 
Translational Medicine, doi.org/sdt).

This means that to work in people, 
the drug will have to be given after 
someone has been exposed, but 
before the onset of symptoms. This 
can take two weeks, so there should 
be time to treat all the social contacts 
of someone who has developed 
measles. After symptoms start, the 
virus has stopped replicating and so 
the drug can’t help. But people treated 
too early might be as vulnerable as the 
ferrets treated just before infection. 

Another potential pitfall is that 
using an antiviral drug might lead to 
measles viruses developing resistance 
to the drug, much as bacteria can 
become resistant to antibiotics. This 
could be tragic if resistant strains were 
also deadlier. Initial tests by Plemper’s 
team suggest that any such mutants 
are likely to be less transmissible 
or virulent than natural measles. 
Nevertheless, he says any use of the 
drug should be strictly monitored.

It is also possible that an antiviral 
drug would encourage people to reject 
vaccination. This would defeat the 
whole point, says Plemper. “Measles 
eradication must by driven by 
vaccination,” he says. “We developed 
this drug to rapidly suppress local 
outbreaks in populations with good 
vaccination coverage.” That way, the 
drug can plug gaps in vaccination. 
“Combined, they may one day succeed 
in eradicating measles,” he says.  ■

THIS WEEK

Antiviral could call 
time on measles
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–On the ropes–

“ Dust shells produced by 
remnants of supernovae 
may make the gravitational 
wave signal vanish”

ASHES from an exploding star may 
have left their mark on ancient cosmic 
light. If so, what seemed like a huge 
result – the first clear detection of 
ripples in space-time produced in the 
early universe – could be a false alarm. 

Last month, the team running the 
BICEP2 telescope at the South Pole 
reported seeing a pattern in the way 
the light left over from the big bang, 

Star dust casts 
a cloud over big 
bang waves

known as the cosmic microwave 
background, was polarised or aligned. 
The team attributed the pattern to 
ancient gravitational waves, ripples 
in space-time thought to have been 
caused by space expanding faster 
than the speed of light just after the 
universe’s birth (see page 32). “I was 
so excited,” recalls Philipp Mertsch of 
Stanford University in California. 

Then it occurred to him that  
galactic dust can emit polarised light 
too. The BICEP2 team knew this and 
used models of dust to estimate that 
it could account for no more than 
about 20 per cent of the signal that 

they attributed to gravitational waves.
But Mertsch says the models didn’t 

include dust shells produced as the 
expanding remnants of supernovae 
slam into the surrounding gas and 
dust. A handful of these shells have 
been spotted by radio telescopes as 
giant loops looming above the Milky 
Way’s disc. Now Mertsch and his 
colleagues have plotted their 
positions and found that one loop 

goes right through BICEP2’s field of 
view (arxiv.org/abs/1404.1899).

What this means for the BICEP2 
result isn’t clear. David Spergel of 
Princeton University says the 
gravitational wave signal might 
vanish. Alternatively, the dust shells 
might simply account for more of the 
polarisation pattern. The latter could 
help bring the BICEP2 result in line 
with preliminary measurements by 
the European Planck satellite last 
year, which hinted at weaker ripples. 
The situation should become clearer 
when the Planck team publishes its 
results in October.  Maggie McKee  ■

Insight Disease eradication
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TALK about greedy lovers. The 
females of four insect species 
have penis-like organs which they 
use like a vacuum cleaner to suck 
up sperm.

In 2010, Rodrigo Ferreira of the 
Federal University of Lavras in 
Brazil and colleagues discovered  
a new genus of insect which they 
named Neotrogla. The team has 
now documented their unusual 
mating habits.

The female has a penis-like 
organ called a gynosome, while the 
male has a vagina-like chamber. 
The female inserts the gynosome 
into the male and sucks up sperm 
to fertilise her eggs. Copulation 
can last up to 70 hours, non-stop.

The gynosome is covered with 
bristles which fit into pouches on 
the males’ “vaginas”, anchoring 
the male in place during sex. 

The insects’ strange genitals 

may have evolved in response  
to living in caves with few food 
sources. Dissecting the males 
revealed that their sperm is 
wrapped up in packets called 
spermatophores, which are also 
rich in nutrients (Current Biology, 
DOI: 10.1016/j.cub.2014.03.022). 

This could explain why the 
females evolved gynosomes – to 
suck nutrients out of the males.  
It could also explain the anchors: 
they don’t want to let him go  
until they’ve had a good meal.
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Stunning auroras may light 
up life-friendly exoplanet

STANDING on the shore at dusk, you see four planets and 
an orange sun near the horizon. At night, dazzling ribbons 
of auroras snake across the sky. You are on Kepler-186f, 
the smallest exoplanet thought able to support life.

“Of all the planets we’ve seen, this is the one that 
reminds us most of home,” says Thomas Barclay at 
NASA’s Ames Research Center in Moffett Field, California. 
Barclay and his colleagues spotted the planet in data 
from NASA’s Kepler space telescope (Science, DOI: 
10.1126/science.1249403). Only 10 per cent larger than 
Earth, it is the smallest world outside our solar system 

that is known to orbit in the habitable zone, the region 
around a star where liquid water can exist. The host star 
is a dim red dwarf with four other small planets orbiting 
it. These worlds are too close to the star to be habitable, 
but they would shine in the skies of Kepler-186f around 
dawn or dusk, just as Venus and Mercury do from Earth.

Red dwarf stars produce frequent flares and strong 
winds of radiation. And as Kepler-186f is slightly larger 
than Earth, if it has a similar internal structure, it would 
support a stronger magnetic field. That could spark 
interactions between any atmosphere and stellar 
radiation, perhaps creating spectacular auroras.

“It sounds like a great planet to visit, if we could  
figure out how to travel there,” says Sara Seager of  
the Massachusetts Institute of Technology.

The female insect that hoovers up sperm

Protein shrinks 
depressed brains 

COULD stopping brain shrinkage 
associated with depression be as 
simple as blocking a protein?   

The connections between brain 
cells in depressed people are often 
shrivelled, but how this occurs is 
a mystery. Ronald Duman at Yale 
University wondered whether  
a protein called REDD1, which 
reduces the fatty material that 
protects neurons, plays a role. 

His team bred rats unable to 
produce REDD1 and exposed them 
to stress. In normal rats, stress 
resulted in depressive behaviour 
and brain shrinkage, but Duman’s 
rats were unaffected. In contrast, 
rats engineered to overproduce 
REDD1 became depressed and  
had shrunken brains even 
without exposure to stress 
(Nature Medicine, doi.org/sc9). 

It’s a clue to how brain shrinkage 
occurs but it’s unlikely to be the 
whole story in humans, says 
Colleen Loo from the University 
of New South Wales in Sydney.

Miniature bots will 
fix you from within

TINY robots could help you heal. 
Acting as mini technicians, they 
could one day assemble medical 
devices inside the body.

Eric Diller and Metin Sitti of 
Carnegie Mellon University in 
Pittsburgh have created a simple 
version of these robots using rods 
made of magnetic materials. Each 
robot is about 1 millimetre long 
and has two gripping arms. A 
magnetic field is used to move the 
robots and operate the grippers. 

So far, the robots have 
transported small objects and 
built bridges out of Y-shaped rods 
(Advanced Functional Materials, 
doi.org/sdb). Sitti hopes future 
versions could be injected into the 
body along with parts for micro-
machines that would swim in the 
blood and help wounds clot.

IN BRIEF
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T. rex’s neck was 
key to its strength

DON’T laugh at its arms. Lilliputian 
forelimbs didn’t stop Tyrannosaurus 
rex from being a fearsome killer  
and now we know why – because  
its head and neck were so powerful.

Tyrannosaurs, the family of 
predatory dinosaurs that includes 
T. rex, had necks that were similar 
to those of modern birds. 

So Eric Snively of the University 
of Wisconsin–La Crosse and his 
colleagues studied how birds feed 
in an attempt to reconstruct how 
T. rex went about making a kill.

The team placed electrodes  
on the skin of a dozen birds from 
10 species, ranging from chickens 
to bald eagles, to measure precise 
muscle movements during feeding.

The birds often raised their 
heads and fixed their vision on  
prey before lowering their heads  
to attack. T. rex had most of the 
same muscles, suggesting it could 
perform these movements. 

Many of the birds also shook 
their necks, and the main muscle 
involved also existed in the necks  
of tyrannosaurs. “We think it would 
have used this motion to dislodge 
meat from a carcass,” says Snively 
(Journal of Zoology, doi.org/scx).

Tyrannosaurs didn’t need big 
arms to hunt, because their 
powerful bites and necks did the job, 
says Snively. “From the shoulders 
forward, T. rex was like a whole killer 
whale: just bite, shake and twist.”

Lethal d’Artagnan of the deep

BLINK and you’ll miss it. In fact, 
you’ll miss it even if you don’t blink: 
high-speed video footage has 
revealed the nimble swordplay the 
Atlantic sailfish uses to grab a meal.

The sailfish has a long, sword-like 
bill that accounts for a quarter of  
its 3.5-metre length – but its exact 
purpose was unclear.

Paolo Domenici of the Institute for 
the Marine and Coastal Environment 
in Oristano, Italy, and colleagues have 
found an answer after filming the 
fish hunting sardines off the coast 
of Mexico. The sardines form a 
protective “prey ball”, and every so 

often a sailfish would prod the prey 
ball with its bill before retreating.

When the team slowed down their 
video footage they realised the 
sailfish were using their bills to slash 
into the prey ball. The tip accelerated 
at 130 metres per second squared – 
one of the fastest accelerations ever 
recorded for an aquatic vertebrate. 

The slashes were so fast that the 
sardines were unable to take any 
evasive action. “The speed of the 
bill tip far exceeds that of the prey,” 
says Domenici (Proceedings of  
the Royal Society B, DOI: 10.1098/
rspb.2014.0444).

IT’S not what you’ve got but the 
way that you use it. The first maps 
of gene expression in two of our 
extinct cousins flag up important 
differences between the activity 
of their genes and our own.  
The results suggest that brain 
disorders like schizophrenia  
and autism may be unique to us.

The genomes of Neanderthals 
and Denisovans are relatively 
similar to our own, although we 
know that Neanderthals had some 
distinctive features, including  
a barrel-shaped chest and 
proportionally shorter limbs. 

Perhaps that’s because these 
features were sculpted primarily by 
differences in the activity of genes 
during development, rather than 
by differences in the genetic code. 
Now Liran Carmel and colleagues 
at the Hebrew University of 
Jerusalem in Israel have begun to 
investigate this possibility. They 
have created the first maps of 
gene activity in these extinct 
people, and compared them  
with modern humans (Science, 
DOI: 10.1126/science.1250368).

The activity of a gene typically 
decreases if it gets tagged with a 

chemical containing a methyl 
group. Carmel’s team managed to 
identify around 2000 genes that 
had been methylated differently 
in the three lineages. Their results 
show that methylation in modern 
humans is particularly likely to 
affect genes with known links to 
health and neurological disorders. 

“We see associations with 
diseases like schizophrenia, 
autism and Alzheimer’s,” says 
Carmel. “Could it be that recent 
changes in the activity of genes in 
our brain also led to psychiatric 
disorders?”

How Neanderthals got their barrel chests and avoided autism

Brain scans reveal 
consciousness level

NO MATTER how good your 
bedside manner, diagnosing 
levels of consciousness in people 
with severe brain injury is tough. 
Brain scans might be able to help.

Most hospitals use bedside 
tests – such as shining light into 
the eye – to gauge how conscious 
someone is. But this results in 
wrong diagnosis about 40 per 
cent of the time. Brain scans are 
seldom used because there was  
no evidence they work any better.

Steven Laureys of the University 
of Liège in Belgium and his 
colleagues carried out fMRI and 
PET scans on 126 people. Bedside 
tests had categorised 81 of them as 
minimally conscious, 41 as being 
in a vegetative state, and four as 
having locked-in syndrome – 
conscious but unable to respond.

Using PET scans, which reveal 
the brain’s glucose uptake, doctors 
correctly predicted 74 per cent of 
the time what state the subjects 
would be in a year later. Predictions 
with fMRI were right in 56 per cent 
of cases. PET scans also suggested 
that 13 people classed as unlikely 
to regain consciousness might do 
so – nine did (The Lancet, doi.org/
sdq). With more evidence, both 
scans could become effective 
diagnostic tools, Laureys says.
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The second coming
A new virtual world promises seamless social interaction. 
Samantha Murphy is the first to speak to its creator, from the inside

I’M NOT wearing any clothing, 
but it’s not the first time I’ve 
shown up that way for an 
interview. Luckily, my interviewee 
doesn’t seem to notice, or mind. 
There’s a reason – he created me 
and everything around us.  

I am one of the first people 
to experience High Fidelity, the 
prototype virtual world designed 
by Philip Rosedale, the creator of 
Second Life. He’s the humanoid 
avatar; I get to be a cute robot with 
big blue eyes. He and his 12-person 
team have recently raised 
$2.5 million to develop the world, 
and the fact that it’s Rosedale 
means it has created quite a buzz. 

It’s easy to forget that Second 
Life, a free-roaming virtual world, 

was a big deal when it launched  
in 2003. Users could go anywhere, 
do anything. Reuters even had a 
dedicated Second Life reporter 
for a while. It still boasts a million 
active monthly users according  
to Rod Humble, the CEO of Linden 
Labs, which owns the game. But 
despite this it has never really 
lived up to its promise. 

Jeremy Bailenson, director 
of Stanford University’s Virtual 
Human Interaction Lab, thinks 
he knows why: the time lag 
resulting from the slow rendering 
of graphics and the lack of 
naturalistic avatar tracking. Both 
of these have been addressed in 
High Fidelity, he says, having also 
had a sneak preview.

I had a few issues with Second 
Life. I often conducted interviews  
there, but my painstakingly 
created avatar would often appear 
half-naked, with an arm stuck 
awkwardly above its head or facing 
a wall. So when Rosedale invited 
me to be the first to interview  
him in High Fidelity, I jumped at 
the chance.

When I log in to prepare for 
the interview, I am greeted by an 
adorable white robot in the upper 
left corner of my screen and a 
block-filled landscape reminiscent 

of Minecraft. As I figure out how to 
control my view and explore the 
world a bit, the robot seems to 
be smiling at me, tilting his head, 
blinking and opening its mouth as 
if to speak. It dawns on me that it is 
mimicking my facial expressions 
by watching them via webcam. 
The robot was me. Suddenly, 
Rosedale’s avatar materialises. 

Social presence
Unlike my robot’s simple  
face, Rosedale’s avatar is human 
(see picture, left). As we face  
each other, the most obvious 
difference between Second Life 
and High Fidelity is immediately 
apparent. Although it is still in 
early testing, High Fidelity already 
has the social presence that was 
lacking in Second Life. 

As Rosedale speaks to me, he 
demonstrates tricks like building 
structures in the air with just  
a wave of his hand, and shows  
how the audio corresponds to  
the location and distance of his 
avatar. His avatar displays all his 
typical facial mannerisms as he 
speaks: eyebrows raising, lips 
flexing and cheeks raising into 
smiles. The hands gesture 
effortlessly, pointing and rolling 
to emphasise points. 

The facial mannerisms are 
achieved using a 3D camera 
fitted with the same chip as in 
Microsoft’s Kinect. His hand 
movements are captured using 
a Razer Hydra games controller. 
Both allow him to speak to me  
as if he’s sitting across a table 
instead of in front of a computer. 

The key to High Fidelity’s 
realism is how it minimises lag. 
It only takes 100 milliseconds 
from Rosedale doing something 
before I see his avatar do it, almost 
doubling the speed of video chat 
such as Skype. Bailenson was 
impressed. “I used the system to 
interact with a person in real time 
and it felt like he was in the room 
with me,” he says. 

Rosedale has also teamed 
up with neuroscientist Adam 
Gazzaley at the University of 

“ I used the system to 
interact with a person in 
real time and it felt like he 
was in the room with me”

–Welcome to my world–

>
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California, San Francisco, to find 
out more about how to enhance 
face-to-face experiences online. 
At this year’s SXSW festival in 
Austin, Texas, they used a 
neural cap fitted with EEG  
sensors to create a model of one 
person’s brain after an MRI scan 
had provided the underlying 
structure. People were then 
able to tour that person’s brain 
using the Oculus Rift virtual 
reality headset as it showed live 
brain activity.

This work could feed into 
High Fidelity, says Rosedale. 
He thinks that seeing someone 
else’s brain activity may become 
a part of communication in the 
virtual world, with people able 
to see and respond to changes 
in someone else’s brain as they 
chat. He has other ideas too. 
For example, instead of relying 
on external servers he plans to 
let people offer their computer 
downtime to help power the 
game in exchange for in-game 
currency. 

The experience is so close to 
reality that I can’t help wonder 
if we are teetering close to the 
Uncanny Valley, the creepy 
feeling that an artificial human 
elicits in a real one when their 
facial expressions and movements 
are close enough to feel real but 
too awkward to be engaging. 
“We like to say we are crossing  
the Uncanny Valley and getting 
away with it,” says Rosedale. 

It might be more than a 
game. High Fidelity has massive 
potential, says Bailenson.  
A virtual world that has the  
social presence of a face-to-face 
interaction can transform just 
about every aspect of day-to-day 
life, from entertainment to work, 
socialising to relationships, he 
says. What comes next will be up 
to the users and how they use it, 
says Rosedale. 

We’ll have to wait and see. 
High Fidelity isn’t scheduled for 
release anytime soon. “Maybe 
another year,” says Rosedale, 
flashing me another smile with 
his pixel-perfect teeth.  ■
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Tracing the 
network of crime
Metadata from phone calls is helping police work 
out the connections between crime suspects

SICILIAN police were looking to bust 
a criminal network thought to be 
responsible for a string of robberies, 
extortions and drug trafficking. They 
had a few leads, but wanted to know 
who else their suspects worked with 
and for. Eventually, they got all the 
evidence they needed – thanks to 
software that traced who they were 
talking to and when. 

Called LogAnalysis, the software 
used metadata from some of the 
suspects’ phones to map out the 
relationships between them. By 
plugging in information from a  
few people, the police could figure  
out who was involved, who they 
worked with and even what role  
they may have played in the crime. 

LogAnalysis is one example of  

how phone metadata – who someone 
called or texted, when they did so, 
where from and how long the  
call lasted – can be used to piece 
together someone’s personal life.   

“The tool allows us to  
understand not only how people are 
interconnected, but also what roles 
are in place,” says Emilio Ferrara, 
the computer scientist at Indiana 
University in Bloomington who heads 
up the project. 

Ferrara and his collaborators on the 
Italian island of Sicily began working 
on the program in 2010. Since then, 
it has helped with several police 
investigations, though the team only 
provide relevant details to protect the 
suspects’ privacy.

The process begins once the police 

have identified a suspect and issued  
a warrant for his or her phone records. 
Once granted, the records are passed 
to the researchers, who plug the 
information into the software. 

A single person’s data is enough 
to build a viable map of their place 
within an organisation. Statistical 
algorithms then sort out who works 
together and who’s in charge (arxiv.
org/abs/1404.1295v1). 

From its analyses, the team has 
pinpointed a few rules of thumb that 
can reveal an individual’s standing in 
a criminal organisation. For example, 
lower-level lackeys send lots of short 
calls and texts at the time a crime 
happens. Those who are higher up 
tend not to receive too many calls, 
although they will often take one right 
after the crime has been committed.  

LogAnalysis bears some similarities 
to the way the US National Security 
Agency combs through our data, 
though Ferrara stresses that his 
program has a much narrower focus. 
“Our system works on a small scale, 
focused on the analysis of small circles 
around these suspects,” says Ferrara. 

Still, he says the natural next step 
would be to see if LogAnalysis could 
help make some predictions of its 
own. A future version of the program 
might forecast when robberies  
are likely to happen, say, or tell if  
a law-abiding person who has a 
connection to a criminal network 
is likely to commit a crime one day.  

In the future, all law enforcement 
agencies will take advantage of this 
kind of personal data, says Robert 
Griffin, vice-president at IBM. IBM  
has its own program, called Analyst’s 
Notebook, which crunches personal 
data from phones, the internet 
and law databases to aid police 
investigations around the world. 

Even just knowing a little about a 
person’s phone call history can reveal 
a lot. “I can probably relatively easily, 
with the right kind of information, 
define your social network,”  
says Griffin.  Aviva Rutkin  ■

“With the right kind 
of information, I can 
relatively easily define 
your social network”

–Software can help–
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THE Democratic Republic of  
the Congo (DRC) is home to the 
second largest tropical forest  
on Earth. Now an online digital 
mapping system called Moabi is 
letting people view how the land 
is being used, to help protect the 
area from over-exploitation.

Forests are vital sources of 
biodiversity, as well being huge 
carbon sinks and providing 
oxygen, but logging and mining 
operations can threaten these 
ecosystems. The idea of the online 
map is to find a balance between 
preserving the forest and allowing 
responsible operations to 
continue. It is designed to increase 
transparency, so local citizens and 
international groups alike are 
informed about land use.

Launched on 22 April, Moabi 
overlays maps of the DRC, built as 
part of the crowdsourced mapping 
project OpenStreetMap, with 
information from the country’s 
government on where activities 
like mining, drilling, forestry, 
agriculture and road-building are 
planned. The system shows where 
such usage overlaps with areas of 
forest that the UN protects as part 
of its REDD project, which pays 
regional governments to keep 
tracts of forest intact.

However, the project has 
limited funding and the economic 

pressure to develop forest areas is 
great, says Constance McDermott, 
who studies forest governance  
at the University of Oxford.  
“The challenge with a lot of REDD 
projects right now is that the 
resources they are offering are  
not enough to compete with 
minerals or oil.” 

As a result, every year between 
1990 and 2010, the DRC lost an 
average of 3110 square kilometres 
of forest. The rate of deforestation, 
0.20 per cent per year, is actually 
much lower than that in Brazil 
or Indonesia. But Moabi’s 
founder, Leo Bottrill, worries  
that it could speed up as the  
DRC’s economy grows.

At the moment, Bottrill  
relies on government and  

non-governmental organisations  
for his data, but he wants  
locals to start contributing 
information from on-the-ground 
observation. “Through 3G and 
cellphones, the internet is 
spreading and improving in the 
DRC – it is amazing how quickly 
mapping is becoming accessible.”  
Hal Hodson  ■

Festival extras beamed to your phone
Can’t get enough of your favourite band? Biographies, 
discounts on their latest album and games could soon be 
sent, via sound waves, to the phones of people watching a 
band on stage. Disney’s research lab in Zurich, Switzerland, 
is testing a sound system that hides data in the audio 
pumped out of the speakers by the stage. Once picked up by 
the microphones of smartphones, an app decodes the data. 
It was shown at a wireless conference in Austria on 4 April. 

52m
The number of faces the FBI may have stored in its 
Next Generation Identification biometric program 
by next year, according to a Freedom of Information 
request by the Electronic Frontier Foundation

Wikipedia edits spot flu outbreak
The internet will see you now. Flu cases can be tracked by 
mining data from Wikipedia. Software monitors a handful 
of entries that a sick person would look up, like “flu season” 
or “fever”. Every hour, it records how many people in the US 
have accessed those pages. When the data was compared 
with figures from the US Centers for Disease Control, it 
accurately predicted the number of cases in the country two 
weeks sooner than the official figures (PLoS Computational 
Biology, DOI: 10.1371/journal.pcbi.1003581). 

Robot oesophagus for children
About 1000 babies are born every year with part of their 
oesophagus missing. Treatment can involve many operations 
and weeks in a medically induced coma. Now Pierre Dupont 
and a team at Boston Children’s Hospital have built a robotic 
implant that pulls the disconnected ends of the oesophagus 
together. The device measures growth and can slacken or 
tighten as needed. Animal trials will start later this year.

–Putting logging on the map–SV
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Online map keeps an 
eye on fragile forests

“ The idea is to find a balance 
between preserving the 
forest and allowing 
responsible logging”
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Armed and dangerous
Russia has gun-toting robot sentries defending its army bases

THE West has always been a little 
squeamish about the idea of arming 
robots. Despite decades of 
development, no systems have ever 
been deployed and a vocal human 
rights campaign means it’s unlikely  
to happen in the near future. The 
Russians, on the other hand, appear  
to be rather less concerned. 

Last month, Dmitry Andreyev of  
the Russian Strategic Missile Forces 
announced that mobile robots would 
be standing guard over five ballistic 
missile installations. These robots can 
detect and destroy targets, without 
human involvement. Russia, it seems, 

is taking the lead in a new robotic  
arms race.

The robot sentry, aka the “mobile 
robotic complex”, was developed by 
Izhevsk Radio Plant, a company based 
1200 kilometres east of Moscow. It 
weighs around 900 kilograms and has 
cameras, a laser rangefinder and radar 
sensors. For fire power it has a 
12.7-millimetre heavy machine gun, 
with optional smaller weapons. It is 
quick too, hitting speeds of 
45 kilometres per hour on a petrol 
engine. It can operate for 10 hours,  
or switch to sleep mode for a week. 

The makers put the sentry robot 

through its paces at an arms fair in 
Russia last year. Andreyev describes 
the robots as being able to engage 
targets in automatic as well as semi-
automatic control mode. US policy, on 
the other hand, says a person has to 
authorise when weapons are fired. 
Drones don’t fire missiles on their own, 
but act as remote launch platforms for 
human operators. Neither the makers 
of the Russian robot nor the Strategic 
Missile Forces responded to New 
Scientist’s request for an interview at 
the time of going to press.

Russia’s defence minister Sergei 
Shoygu is behind the move to arm 
robots. In January 2013, he said the 
army would expand its use of robots, 
saving $2.4 billion over two years. In 
June, the deputy prime minister Dmitry 
Rogozin announced plans for a new 
military robot laboratory at the 
Degtyarev arms factory in Kovrov, and 
a new centre of military robotics at the 
Zhukovsky Air Force Engineering 
Academy. According to Rogozin, the 
robots will save lives: “We have to 
conduct battles without any contact, 
so that our boys do not die, and for 
that it is necessary to use war robots.” 

In the US, unarmed sentry robots 
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–Don’t mess with robojeep–

called MDARS patrol nuclear sites and 
Marine bases, but there appears to be 
little appetite for armed robots. 
Thousands of US robots, known as 
unmanned ground vehicles (UGVs), 
were rolled out for bomb disposal in 
Iraq and Afghanistan. However, the 
trial deployment of SWORDS, an armed 
version of the Talon bomb-disposal 
robot, in Iraq in 2007 was cancelled 
due to “uncommanded or unexpected 
movements”. There were rumours of 
robots going rogue and turning their 

machine-guns on friendly troops. In 
fact, there were two minor incidents, 
one caused by a loose wire and one by 
faulty solder. But commanders were 
spooked enough to postpone 
SWORDS’ debut. 

Thomas Nash, director of Article 36, 
the UK-based arms control campaign 
group, is worried. “The prospect of 
states developing autonomous 
weapons systems that would identify 
targets on their own and attack them is 
a grave concern for humanity,” he says.

He should brace himself. Russia’s 
armed UGVs may soon be called on to 
fight in the front line. A promotional 
video for the interior ministry shows 
their commandos training with an 
armed robot.  David Hambling  ■

“ Robots that would identify 
targets on their own and 
attack them is a grave 
concern for humanity”
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Nested interests
A BOWL of soup made with animal saliva? Yours 
for $100. What’s that, you want some of the raw 
ingredients so that you can make your own? 
That’ll be $2000 per kilogram, please.

Bird’s nest soup is one of the most expensive 
foods in the world. Its production is a mega-
industry, worth an incredible $5 billion a year. The 
nests were traditionally harvested from caves in 
South-East Asia where the birds – the edible-nest 
swiftlet, Aerodramus fuciphagus, and the black-
nest swiftlet, Aerodramus maximus – make their 
nests. The natural supply is no longer enough to 
keep up with demand, however. 

One business solution is to build concrete bird 
houses (pictured). These, in a cornfield in Selangor, 
Malaysia, are fitted with electronic tweeters 
playing swiftlet calls to attract the birds. Inside 
the structures, male swiftlets meticulously 
build their nests over 35 days, coughing up thick 
phlegmy strands of spit to bind it. The nests are 
often harvested before eggs are laid, so the birds 
build more.

Dissolved in water to produce a glutinous 
mixture containing, apparently, magnesium, 
calcium, iron and potassium, the soup (pictured 
below) is claimed to keep you young, improve your 
focus, and – as these things always do – boost your 
libido. “It’s often served cold, and the liquid is clear 
with slightly fibrous strands that are an opaque 
white colour,” says photographer Ian Teh. “I had it 
when I was a kid and rather liked it.”  Rowan Hooper

Photographer  
Ian Teh  Panos Pictures
ianteh.com
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Ethical calculus

OPINION

Mathematicians must face up to the fact that their work is being 
used to enable mass surveillance, says Tom Leinster

FOR the past 10 months,  
a major international scandal  
has engulfed some of the  
world’s largest employers of 
mathematicians. These 
organisations stand accused of 
law-breaking on an industrial 
scale and are now the object of 
widespread outrage. How has the 
mathematics community 
responded? Largely by ignoring it.

Those employers – the US 
National Security Agency (NSA) 
and the UK’s Government 
Communications Headquarters 
(GCHQ) – have been 
systematically monitoring as 
much of our lives as they can, 
including our emails, texts, phone 
and Skype calls, web browsing, 
bank transactions and location 
data. They have tapped internet 
trunk cables, bugged charities 
and political leaders, conducted 
economic espionage, hacked 
cloud servers and disrupted 
lawful activist groups, all under 
the banner of national security. 
The goal, to quote former NSA 
director Keith Alexander, is to 
“collect all the signals, all 
the time”.

The standard justification for 
this mass surveillance is to avert 
terrorism. US officials repeatedly 
claimed that mass surveillance 
had thwarted 54 attacks. But the 
NSA eventually admitted it was 
more like one or two; its best 
example was an alleged $8500 
donation to a terrorist group.

Some argue that the 
information gathered is “only 
metadata” – phone numbers and 
call durations rather than what 
was said, for example. This is not 
true. GCHQ has harvested 

webcam images, many sexual, of 
millions of people. In any case, it 
is wrong to believe that collecting 
metadata leaves privacy intact. 
As ex-NSA legal counsel Stewart 
Baker said: “Metadata absolutely 
tells you everything about 
somebody’s life.”

Others claim to be unbothered 
by the recording of their daily 
activities, confident that no one 
will examine their records. They 
may be right: if you never trouble 
the state, perhaps the state will 
never trouble you. But even so, do 
we want it to hold such powerful 
tools for stifling dissent, activism 
and even journalism? 

And so to the mathematicians’ 
role in all of this. The NSA claims 

to be the largest employer of 
mathematicians in the US.  
It may be the largest in the  
world. It part funds GCHQ,  
also a major employer of 
mathematicians, and works 
closely with intelligence agencies 
in Australia, New Zealand and 
Canada. Some mathematicians 
work for these agencies full-time. 
Others do so during summer 
breaks or sabbaticals from their 
university jobs.

We will never know exactly 
what mathematicians have done 

for these agencies. GCHQ does not 
comment on intelligence matters, 
which is to say, anything it does. 
But revelations by former NSA 
contractor Edward Snowden 
suggest some possibilities.

For example, we know the  
NSA has undermined internet 
encryption. Certain encryption 
methods use pseudorandom-
number generators based on the 
theory of elliptic curves. These are 
used to create keys for encrypted 
information, ensuring only the 
sender and receiver can see credit 
card details, for example. 

Snowden revealed that the  
NSA inserted a secret back door 
into a widely used elliptic curve 
algorithm, allowing it to break the 
encryption. That could not have 
been done without sophisticated 
knowledge of the mathematics 
involved, the details of which were 
recently described by Thomas 
Hales of the University of 
Pittsburgh in the Notices of the 
American Mathematical Society 
(vol 61, p 190).

Mathematicians seldom face 
ethical questions. We enjoy the 
feeling that what we do is separate 
from the everyday world. As the 
number theorist G. H. Hardy 
wrote in 1940: “I have never done 
anything ‘useful’. No discovery 
of mine has made, or is likely to 
make, directly or indirectly, for 
good or ill, the least difference 
to the amenity of the world.”

That idea is now untenable. 
Mathematics clearly has practical 
applications that are highly 
relevant to the modern world, 
not least internet encryption. 

Our work, then, can be used for 
both good and ill. Unfortunately 

“ Mathematicians seldom 
face ethical questions. 
What we do feels separate 
from the everyday world”
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Rhino horn is no medicine
ONE MINUTE INTERVIEW

Prescribers of traditional cures must join with conservationists to 
beat poaching, says Chinese medicine expert Lixin Huang

For more opinion articles, visit newscientist.com/opinion

PROFILE
Lixin Huang is president of the American College 
of Traditional Chinese Medicine in California and a 
council member of the World Wildlife Fund. She 
advocates conservation, especially when animal 
products used in traditional medicine are involved

What has rhino horn been used for in 
traditional Chinese medicine (TCM)?
At times during the 3000-year history of TCM, 
rhino horn was used to treat infections and was 
believed to reduce fever. It was never used alone, 
but in combination with Chinese herbs.

Given that rhinos are endangered, is rhino 
horn still used today?
In China, Taiwan and South Korea it has been 
completely banned from use in medicine since 
about 1993. Also in China it is only permitted for 
use in research to identify substitutes, and is no 
longer listed in medical reference books. But in 
Vietnam – a huge market for illegal rhino horn – it 
is being used as a hangover cure by the nouveau 
riche. It is also being promoted to treat cancer. 
There is no scientific basis for such claims. 

Has there been scientific research into the 
effectiveness of rhino horn in medicine? 
In one human study, researchers in Taiwan found 
that rhino horn temporarily reduced fever in 

children, but it was no more effective than aspirin. 
Animal studies done in the UK and South Africa 
found no pharmacological effects of rhino horn – 
or any other animal horns. 

What alternatives are there to rhino horn?
There are plenty of alternatives; the studies I just 
mentioned found traditional plant-based 
medicines, such as Radix Isatidis, are great 
substitutes. They are now promoted by traditional 
medicine authorities in South-East Asia. 

You work actively on conservation. How did 
you first become involved in this?
In 1997, in my role as president of the American 
College of Traditional Chinese Medicine, the World 
Wildlife Fund contacted me for a meeting. There 
and at later conferences, I learned about the 
challenges of conservation – including the fact 
that there was no dialogue between the TCM and 
conservation communities. So I decided to play a 
bridge-building role. By 1999, we had a meeting in 
Beijing that brought together the scientific, 
medical, conservation and TCM communities.

Why is this partnership between the medical 
and conservation communities so important?
TCM is no longer exclusive to China or South-East 
Asia. It is now used in 70 countries in Africa, North 
and South America and Europe. There is an urgent 
need to educate consumers about the crisis we 
face in terms of illegal poaching and black market 
sale of endangered animals. Also, greater demand 
is having a negative impact on individual medicinal 
species and the ecosystems in which they thrive. 
Chinese herbal formulas use over 11,000 plants, 
animal products and mineral substances – about 
80 per cent of which are collected in the wild.

So how can we protect the species put at risk?
Long-term survival of medicinal plant and animal 
species depends on well thought-out, widely 
adopted conservation strategies. They are in 
everyone’s interest – including those of us in the 
TCM community.
Interview by Curtis Abraham

for us, it is the latter that is in the 
public eye. Already unpopular for 
our role in the banking crash, we 
now have our largest employer 
running a system of whole-
population surveillance that even 
a judge appointed by George W. 
Bush called “almost Orwellian”.

So mathematicians must 
decide: do we cooperate with  
the intelligence services or not?

Our situation has been likened 
to that of nuclear physicists in the 
1940s. However, they knew they 
were building the atom bomb, 
whereas mathematicians working 
for the NSA or GCHQ often have 
little idea how their work will be 
used. Those who did so trusting 
that they were contributing to the 
legitimate safeguarding of 
national security may justifiably 
feel betrayed.

At a bare minimum, we 
mathematicians should talk 
about this. Maybe we should go 
further. Eminent mathematician 
Alexander Beilinson of the 
University of Chicago has 
proposed that the American 
Mathematical Society sever all ties 
with the NSA, and that working 
for it or its partners should 
become “socially unacceptable”  
in the same way that working for 
the KGB became unacceptable to 
many in the Soviet Union.

Not everyone will agree, but it 
reminds us that we have both 
individual choices and collective 
power. Individuals can withdraw 
their labour. Heads of university 
departments can refuse staff leave 
to work for the NSA or GCHQ. 
National mathematical societies 
can stop publishing the agencies’ 
job adverts, refuse their money, or 
even expel members who work 
for agencies of mass surveillance. 

At the very least, we should 
acknowledge that these choices 
are ours to make. We are human 
beings first and mathematicians 
second, and if we do not like what 
the secret services are doing, we 
should not cooperate.  ■

Tom Leinster is a mathematician at the 
University of Edinburgh, UK
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Are robots really taking our jobs?
Sure, but there has always been job 
destruction because of automation and 
technological progress. The important thing 
to keep in mind is that there has also always 
been job creation because of these same 
forces. Right now, there is a wave of tech 
hitting the economy and the workforce.  
The question is, is the balance shifting? 

How do you see it playing out?
Three possible scenarios could happen with 
this current wave of technology. One is that it 
is going to hit the economy, and it might take  
a while to work itself out, but in the end we  
will reach a happy equilibrium. The industrial 
revolution was great news, eventually, for 
British workers. Electrification of factories 
eventually led to a large, stable and prosperous 
American middle class. That pattern should 
give us confidence that we will wind up in 
another happy equilibrium.

What are the other possible scenarios?
Scenario two is that we see successive waves: 
artificial intelligence, automated driving 
that will impact people who drive for a living, 
robotics that will impact manufacturing. 
If scenario two happens, the problem is a  
bit worse because it will be difficult for the 
economy to keep adjusting and for workers  
to keep retraining.

Scenario three is that we finally transition 
into this science fiction economy, where you 
just don’t need a lot of labour.

Do you really think that we’ll shift away from 
having human labourers altogether?
I believe that in my lifetime – I’m in my mid-
40s – we’re going to see that third scenario.  
We won’t see a zero labour economy, but we’re 

going to head into a labour-light economy.  
Of course, people like me have been saying 
some version of that for 200 years. The 
Luddites, John Maynard Keynes, a lot of people 
have said it and been wrong. But when I look  
at the encroachment of digital stuff into the 
total bundle of skills and abilities that humans 
have, I think this time it is different.

So which jobs do you think will no longer 
exist in 10 or 20 years?
We’re going to see a lot of automation and 
displacement in areas of routine information 
processing and routine physical work. When  
I talk to my favourite geeks in Silicon Valley, 
they look around and say, “man, the work of  
a financial adviser, a junior analyst at an asset 
management firm, a pathologist, a hamburger 
flipper, I can automate that”. I don’t know if  
all those are going to be successful within  
the next 10 years, but there’s a whole lot of 
technology coming.

You say the upside of all of this is greater 
“bounty”. What do you mean by that?
Bounty, to me, is the purpose of a society’s 
economic engine – to turn out more stuff  
and a greater variety of goods and services, at 
higher quality and at lower prices. When you 
phrase it like that it sounds a bit consumerist, 
but it’s not. Entertainment, education, 
communication and health are all being 
affected by the digital revolution. This is 
fantastic news.

But doesn’t this revolution threaten the 
intangible essence of what it means to be  
part of the workforce?
Our economies have needed a lot of labour  
to run properly. In the industrialised West, 
we’ve had close to a full employment 

economy since the industrial revolution.  
This provides people with the means to buy 
the bounty and gives some direction and 
purpose to the bulk of their lives. A lot of us,  
in addition to our families, are defined by  
our work.

But both the tangible and the intangible 
can go away. The tangible is your pay 
cheque. Luckily, you don’t need money to buy 
access to Instagram, Facebook or Wikipedia.  
If you have access to a connected device you 
have an astonishing amount of stuff for free. 
That’s part of the bounty. But the intangible  
is this sense of dignity, community, purpose 
and direction that comes from having work.

PROFILE
Andrew McAfee is  
the principal research 
scientist at the Center 
for Digital Business at 
the Massachusetts 
Institute of Technology. 
With Erik Brynjolfsson 
he is co-author of The 
Second Machine Age: 
Work, progress and 
prosperity in a time of 
brilliant technologies 
(W. W. Norton)

OPINION  INTERVIEW

Automatic, for the people
Fear of machines taking our jobs dates back to the invention  
of the loom, but this time it is different. Andrew McAfee tells 
Niall Firth why the world of work is about to change forever
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Since the economic downturn, profits have 
bounced back but employment hasn’t.  
Is technology to blame?
I believe it is. It is very tough to say for sure 
what has been going on with the jobless 
recovery. An all-time high in profits is great 
news if you’re an investor. But other stuff  
we care about is looking really bad – 
unemployment, wages and participation 
rates. What’s interesting to me is that most of 
these indicators have to do with the workforce. 
They have not recovered much if at all from 
last decade’s recession. I don’t think it’s an 
accident that this is happening as we see these 
technologies coming at us fast and furious.

One new technology is the industrial robot 
Baxter. Is he taking jobs – or creating them?
Both. Baxter is taking away some routine 
manual work in factories. At the same time,  
he is going to need people to repair him, to  
add functionality, to train him. So Baxter and 
his kin are absolutely going to create labour.

Ok, let’s assume there are things that robots 
will never be able do. Doesn’t that mean we’ll 
always need a human labour force?
The one thing I’ve learned is never say never 
but in the foreseeable future I agree with you. 
Take journalism: I’ve never seen a computer 
that could sniff out the next good story, 

although we have computers that can write 
perfectly capable prose if you give them the 
data and tell them what to write about. 

I’ve never seen a creative computer, or one 
that had empathy or compassion or could 
negotiate complex deals and figure out where 
the other party is coming from. There are a  
lot of human abilities that appear relatively 
immune from digital encroachment. And I 
haven’t even mentioned physical abilities 
such as locomotion and dexterity. The robots 
are getting better, but we’re not anywhere 
close to a robot busboy for a restaurant.

In a thought experiment, you imagine an 
android that can do any job a human can.  
What would the implications be for society?
One far-future scenario is something like  

a digital Athens, where the citizens are  
free to pursue their enlightened lives 
supported not by an army of human slaves, 
but by automated technologies.

But the other scenario is something like 
dystopian science fiction, where a fairly small 
core of elites own the capital and the androids, 
and are walled off from the rest of society 
where people live without a lot of opportunity. 
Neither of those futures is cast in stone. We are 
not technological determinists. The world that 
we are building is up to us, not our machines.

The gap between winners and losers is 
widening. Is that likely to get worse?
The most naive notion about technological 
progress is that it is a rising tide that floats  
all boats equally. Progress is biased. The most 
highly skilled, talented and maybe lucky, 
people reap really, really big rewards.

But that doesn’t mean inequality will just 
get worse and we might as well just throw up 
our hands and walk away. Absolutely not.

What makes you so confident in a positive 
outlook for our technological future?
With technology we are doing things like 
restoring hearing to the deaf, and sight to the 
blind; giving feeling back to people who lost 
limbs. How can we not be happy about this?

We do have workforce challenges, 
absolutely, and we need to be concerned about 
those and spend time on them. But with the 
opportunities I see, overall I would call myself 
a mindful optimist.  ■
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“ The world that we  
are building is up to us,  
not our machines”

For more opinion articles, visit newscientist.com/opinion
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Japan’s whaling
From Vassili Papastavrou, 
International Fund for Animal 
Welfare
If Japan is indeed going to get real 
over whale research (5 April, p 5), it 
needs to consider the implications 
on its activities in the North 
Pacific of the landmark ruling  
by the International Court of 
Justice (ICJ) against its “scientific 
whaling” in the Antarctic. 

Paragraph 246 of the ICJ 
judgment states: “It is to  
be expected that Japan will  
take account of the reasoning  
and conclusions contained in  
this judgment as it evaluates  
the possibility of granting any 
future permits.” 

A panel convened by  
the International Whaling 
Commission’s scientific committee 
made the same points about the 
scientific value of Japan’s whaling 
in the North Pacific as those 
contained in the ICJ judgment of 
the Antarctic catch. Having 
indicated that it will respect the 
ICJ judgment in the Antarctic, 
Japan shouldn’t issue a permit for 
the upcoming summer whaling 
season in the North Pacific.
Bristol, UK

Scientific exclusion 
From David Myers
In your leader, you correctly decry 
the lack of recognition afforded  
to female scientists, and you 
mention Rosalind Franklin, Lise 
Meitner, Emmy Noether and 
Gerty Cori (5 April, p 5). It is 
perhaps worth pointing out that 
your examples had two hurdles to 
overcome. Not only were they 
women, but all four were Jewish.
Commugny, Switzerland

From Guy Cox 
The downplaying of women’s part 
in scientific discoveries is real and 
needs to be rectified. But gender 
bias isn’t the only one operating.

The 2003 Nobel prize in 
chemistry was awarded for the 

discovery of “porins” – protein 
channels that transport molecules 
through cell membranes. It went 
to the Americans Peter Agre for 
aquaporins, or water channels, 
and Roderick MacKinnon for 
potassium channels. But 
aquaporins were first described in 
1986 by Gheorghe Benga, in what 
was then communist Romania. 

There is no doubt that Agre told 
us much more about aquaporins 
than Benga did, but I can’t believe 
Benga would have been excluded 
from the award had he been 
working in a Western nation.
Sydney, Australia 

Age of reason
From Joshua Schwieso 
I enjoyed Alex Pentland’s article  
on the death of individuality 
(5 April, p 30), but his grasp of the 
history of ideas is faulty. He asserts 
that before the 1700s, Westerners 
saw truth as coming from God and 
king, and that only after then did 
“the idea that humans were 
individuals with the freedom of 
rational choice” start to become 
acceptable. This is wrong. 

Take the following, from 
Nicholas of Cusa’s On God as Not-
Other, dating from around 1462:  
“I shall speak and converse with 
you on the following condition: 
viz., that unless you are compelled 
by reason, you will reject as 
unimportant everything you will 
hear from me.” 

Earlier still, Thomas Aquinas, in 
the 1260s, saw human reason as 

vital not just to philosophy and 
science but also to theology. 
Reason wasn’t somehow 
discovered by early modern 
Europe – the medieval and the 
classical world already 
appreciated its importance. 
Spaxton, Somerset, UK

Climate threat 
From Lucian McLellan 
Fred Pearce’s review of Windfall  
by McKenzie Funk presents us 
with selfish businesses looking 
forward to climate change so long 
as they can make a profit out of it 
(29 March, p 52). These companies 
must be thinking of the story of 
the two explorers on the veldt 
being charged by a lion. One looks 
with derision at the other, who is 
hurriedly putting on running 
shoes, scoffing that he hasn’t a 
chance in hell of outrunning a lion. 
“I only need to run faster than 
you,” the runner coolly replies. 

These businesses need to see 
that a collapsing ecosystem isn’t  
a single lion, but a surrounding 
circle of them. The urge to remain 
the wealthiest in a doomed 
species will bring death by pride. 
Bristol, UK 

Fusion facility
From Colin Bruce
Clive Semmens’s fear that a 
deuterium-tritium fusion reactor 
can’t produce enough tritium for 
its own needs is unjustified 
(15 March, p 32). 

Lithium comprises two 
isotopes. Lithium-6 has an 
enormous cross-section to 
capture slow neutrons, fissioning 
to tritium with a large energy 
yield. Even better, lithium-7 
absorbs fast neutrons, fissioning 
to tritium plus an extra slow 
neutron for the lithium-6. This 
neutron-multiplying ability of 
lithium was discovered in 1954, 
when the Castle Bravo H-bomb 
test on Bikini Atoll produced  
twice the expected yield, with 

consequences for the islanders of 
nearby Rongelap among others.

By juggling the ratio of the two 
lithium isotopes, a fusion reactor 
can be made that produces either 
exactly enough tritium to keep 
itself going, or even a surplus if 
desired. This is almost spookily 
fortunate: lithium is the only light 
element capable of fission. Liquid 
lithium has a large heat capacity, 
low melting point, high boiling 
point and a low vapour pressure. 
It conducts, so can be pumped 
electromagnetically. It is light 
enough to act as a moderator, 
slowing rebounding neutrons.  
It is the perfect fluid-come-shield 
for a fusion reactor. 

Physicists sometimes grumble 
that the universe seems designed 
to make fusion hard. These 
improbably helpful properties of 
lithium are more like a hint: if you 
can’t do fusion when it’s this easy, 
frankly you don’t deserve it!
Oxford, UK

Valdez legacy
From Arndt von Hippel
In his assessment of the impact of 
the Exxon Valdez oil spill 25 years 
on, John Wiens remarks that 
“fisheries closed, people’s lives 
were disrupted, and so lawyers 
went to work” (29 March, p 26).  
Of this, only the part about 
lawyers is accurate. For Exxon 
fought endless costly legal battles 
to deny every claim rather than 
pay adequate compensation for 
any fisheries closed and 
livelihoods destroyed. Many 
fisher families truly were 
destroyed (not merely disrupted). 
And the historically huge, healthy, 
financially important Prince 
William herring fishery didn’t 
resume after the spill.
Anchorage, Alaska, US

Lessons in honesty
From Danny Colyer
Your leader on scientific fraud 
(29 March, p 5), particularly the 
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perception that scientists “adjust 
their findings to get the answers 
they want”, reminded me of 
science practicals at school. The 
results were rarely as expected 
and would frequently be edited  
in the hope of getting a higher 
mark – teaching scientists from 
childhood that it is sometimes 
desirable to manipulate results. 

I suggest that curricula should 
reward the reporting of actual 
results as much as expected ones, 
and that schoolchildren need to 
be made aware of the importance 
of honesty in science.
Bristol, UK

Genetic image
From James Barbers
What a fascinating article on 
reconstructing mugshots from 
DNA (22 March, p 14). If we are 
only a decade away from 
mastering this, how long will it be 
before we can predict someone’s 
DNA from a photo? People’s 
privacy would be severely at risk. 
Insurers could look at someone’s 
photo on a social network and 
make assumptions about their 
likely health risks, bumping up 
premiums accordingly. 
London, UK

Electric bus
From Steve Orchard 
I think the Swiss buses to which 
Peter Murray refers (22 March, p 31) 
are using the flywheel in a slightly 
different way from how he 
described it. With any urban 

transport system that has frequent 
stops, it is important to decelerate 
and then accelerate as smoothly 
and efficiently as possible. My 
understanding is that the bus is 
driven normally by an electric 
motor. As it approaches a stop, the 
flywheel is engaged, slowing the 
bus and storing energy that would 
otherwise be lost as heat during 
braking. That energy is then used 
to help get it moving again a short 
while later. The regenerative 
braking used on many cars is based 
on a similar principle but in that 
case feeds a battery. 

Many rapid transport railway 
systems, including London 
Underground, achieve 
conservation of energy in a 
different manner. The rails 
between stations dip, so as the 
train approaches the station  
it is climbing a gradient which 
naturally slows it down. On 
leaving the station the train will 
run down the slope on the other 
side, recovering its kinetic energy.
North Nibley, Gloucestershire, UK

Coal-fired carriage
From Brian Wood
I have followed with interest Fred 
Pearce’s article on recovering coal 
energy in situ (15 February, p 36) 
and the subsequent letters on coal 
gasification. I think some 
confusion still exists. 

My memory is that coal was 
“destructively distilled” by 
heating it in the absence of air. 
This yielded five products: coal 
gas, coal tar, an aqueous phase 
called ammoniacal liquor, coke 
and retort carbon. The coal gas 
was supplied to the consumer and 
comprised hydrogen, methane, 
carbon monoxide and other gases. 
Your correspondents seem to be 
confusing this with “producer 
gas”, obtained by blowing air 
through a thick bed of hot coke, 
and “water gas”, produced by 
blowing steam through the same. 
Alternately cycling air and steam 
kept the process productive.

When fuel for public transport 

was scarce in the second world 
war, some British buses ran on 
water gas generated in trailers 
behind the bus, with the product 
stored in a balloon on top of the 
bus. During the severe winter  
of 1941, Illustrated magazine  
had a delightful cartoon showing 
a bus conductor with a busy  
trade in roast chestnuts and  
baked potatoes cooked on the  
gas generator.
Lenzie, East Dunbartonshire, UK

Warming to the task
From Ted Webber
Your interview with Christiana 
Figueres revealed that she has 
“the unenviable task of getting 
194 governments to sign a deal 
that will stop global warming”  
(15 March, p 30). This will be 
equivalent to all 12 of the labours 
of Hercules plus those of Sisyphus 
to boot. I wish her well. 
Buderim, Queensland, Australia

Older and wiser
From Annemieke Wigmore
In the whole of your article about 
the fading brainpower that comes 
with age (22 March, p 28), it is 
apparent that one cardinal word is 
never mentioned: wisdom. It isn’t 
very popular in our materialistic 

society. Maybe some people grow 
wiser as they grow older. And 
maybe they replace, in their 
limited head space, unnecessary 
names and factlets with insight. 

But then wisdom – like kindness 
and other such concepts – doesn’t 
sell things. 
Cudworth, Somerset, UK 

Down to Earth
From Bryn Glover 
I was with reader Steve Pickering 
100 per cent until he proposed a 
crewed space programme as an 
alternative project to maintaining 
the UK’s arsenal of nuclear 
weapons (5 April, p 33). 

Perhaps reading your excellent 
analyses of the latest report from 
the Intergovernmental Panel on 
Climate Change in the same issue 
(p 8) would show him and others 
that there is one massive 
challenge facing us all, and the 
sooner we get on and face it the 
better. Unless, of course, he 
imagines shifting humanity out 
into space en masse to avoid the 
consequences of climate change. 
Cracoe, North Yorkshire, UK

For the record
■  Thanks to those who poked holes in 
our story on the space-faring surgery 
robot (5 April, p 10): we should have 
said the machine would repair 
perforated ulcers, not perforate them. 
■  We made an accidental precedent 
claim in our leader on gravitational 
waves (12 April, p 5). As the 
accompanying feature noted (p 38), 
the BICEP2 results provide new 
indirect evidence of their existence, 
but not the first.
■  It was Peter Rhee, not Hasan Alam, 
who first demonstrated the technique 
of emergency preservation and 
resuscitation in pigs (29 March, p 8).
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SUITABLE clients at Milliways, Douglas 
Adams’s Restaurant at the End of the 
Universe, would have experienced six 

impossible things before breakfast. In the  
past decade or so, cosmologists have looked 
like they were halfway there.

Strike one: dark matter. Galaxies are 
whirling round faster than normal gravity 
alone can explain, so 80 per cent plus of the 
universe’s matter is in a form neither we nor, 
so far, our detectors can see. 

Strike two: dark energy. Contrary to all 
expectations, the universe’s expansion is 
apparently accelerating, so the inwards 
gravitational tug of both normal and dark 
matter is being trumped by the effect of 
another substance so exotic no one knows  
for certain what it might be. 

Strike three: inflation. After all that, the 
universe still looks rather less crinkly than we 

COVER STORY

The end of 
the beginning
Cosmology’s big bang breakthrough is 
a triumph. But the joy is not unalloyed, 
says Stuart Clark

would expect, so it must have been smoothed 
out by a spontaneous faster-than-light 
expansion in the earliest phase of its existence, 
which then just stopped.

Extraordinary claims, requiring 
extraordinary evidence. So you could almost 
feel the collective sigh of relief last month 
when the team running the BICEP2 telescope, 
situated at the South Pole, announced that 
they had seen a sign of one of this terrible trio. 
Distinctive patterns of light polarisation in  
the cosmic microwave background (CMB) 
radiation were in fact two for the price of one. 
They represented an apparently unmistakable 
signature of inflation, but also provided 
indirect evidence for the existence of 
gravitational waves from the same era – 
another theoretically predicted phenomenon 
that has so far shied away from the limelight.

If the result is confirmed, it is heady stuff. 
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Cosmologists will be able to begin whittling 
down a forest of ideas about how inflation 
might have happened, and close in on an 
understanding of the first microscopic 
moments of the universe’s history.

But there is sobriety amid the popping of 
champagne corks. Besides the question of  
that all-important confirmation, there are 
wider-ranging considerations. “Although this 
is a historic advance, it is also a limit,” says 
John Peacock, a cosmologist at the Royal 
Observatory in Edinburgh, UK. “We have now 
seen as far back in time as it is possible to see, 
and it is not to the very beginning.” We may 
now know more about the moments following 
the big bang than ever – at the price of never 
knowing any more about the event itself.

Cosmic inflation was dreamed up in the 
1980s to overcome the problem that the 
overall temperature and density of the 
universe is much more uniform than models 
predicted. At the big bang, space-time was 
squashed in on itself like a screwed-up piece  
of paper. Even expanding it to the size of the 
currently observable universe would not have 
erased all of its creases. 

Inflation violently unfurls that scrunched-up 
ball. The basic idea is that in the universe’s  
first instants, the vacuum of space held vast 
reserves of energy. Quantum fluctuations 
jolted the vacuum to start shedding this 
energy in what became a cascade that spread 
right across the infant universe. This drove  
an exponential expansion that doubled the 
size of the universe about eighty times – from 
just 10-28 metres across to no more than a 
centimetre across – in just 10-36 seconds.  
The result was a featureless, flat sheet of  
space-time in which stars and galaxies could 
begin to form.

This process also generated the CMB 
radiation that the BICEP2 team scrutinised. 
This oldest light in the universe suffuses all of 
space. Originally trapped by the sheer density 
of matter in the early universe, it was finally 
released to flee in all directions some 380,000 
years on, when the universe had cooled 
enough for the first atoms to form.

The expansion of the universe in the 
13.8 billion years since has stretched the CMB 
and cooled it from its initial, stupendously 
high, energy to feeble microwaves capable of 
heating molecules to only about 2.7 kelvin – a 
value often referred to as the temperature of 
space. On large scales, this temperature and 
other characteristics are more or less evenly 
distributed. Take a closer look, however, and 
things appear rather different. Fixing its eye 
on one patch of the sky, the BICEP2 telescope 
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saw the scars of inflation imprinted on the 
CMB in the form of patterns known as 
polarisation B-modes.

These scars have their origin in Einstein’s 
general theory of relativity, which describes 
how the presence of any matter and energy 
curves space and time. One consequence is 
that the same energetic quantum popping 
and fizzing that caused inflation would have 
set space-time jumping around in response, 
sending out ripples known as primordial 
gravitational waves.

If, and only if, inflation happened, the 
naturally minuscule gravitational ripplings  
at the moment it kicked off would have been 
vastly amplified. Traversing these enlarged 
ripples twisted the photons of the CMB, 
creating the B-mode polarisation. A moment 
from the ultra-early universe became writ 
large across the whole sky, like an image blown 
up so large all you can see is blocks of pixels. 

This finding is what the BICEP2 team 
announced at the Harvard Smithsonian 
Center for Astrophysics on 17 March. 
“Detecting primordial gravitational waves is 
the closest thing to a proof of inflation that we 
are ever going to get,” says Hiranya Peiris, a 
cosmologist at University College London.

A great leap backwards
It is, potentially, huge. Peacock, who was not 
involved with the work, points out that the 
CMB was released at a time when the universe 
was smaller by a factor of 1100 than it is now – 
but the signal of inflation imprinted on the 
CMB could date back to when it was as much  
as a staggering 10-55 times smaller. “This is  
just a wee bit of a step forward,” he says. 
“Assuming this is confirmed, I think it has  
to be the greatest development in science in 
my lifetime.”

Assuming it is confirmed. Such a potential 
breakthrough is in urgent need of 
corroboration, not least because as things stand 
not everything adds up. BICEP2’s result implies 
that the size of the primordial gravitational 
waves, characterised by a number called  
the r-value, was much bigger than anyone 
expected. “The r-figure was a bit of a shock to 
people because we thought such a value had 
been ruled out,” says Duncan Hanson of McGill 
University in Montreal, Quebec, Canada. He 
works with the South Pole Telescope, which 
sits next to BICEP2 and complements its 
observations of the CMB. “Some sort of 
confirmation is definitely needed.”

The conflict is with data on temperature 
variations in the CMB released in March last 

year by the European Space Agency’s Planck 
mission. Whereas BICEP2 looked at just a small 
part of the CMB, Planck spent four-and-a-half 
years up till last year recording the CMB over 
the entire sky with unprecedented accuracy.

Inflation evens out the temperature across 
the CMB, but the same quantum fluctuations 
that created the primordial gravitational 
waves cause small variations in it. Other 
theories can give rise to similar patterns, so 
their existence is not itself proof of inflation. 
But assuming the variations are caused by 
inflation allows an upper limit for calculating 
the r-value of the gravitational waves. With  
the Planck data, it came out at 0.1; BICEP2’s 
value is twice that.

The simplest, but most deflating, resolution 
is that there is a problem in the BICEP2 
analysis. There is certainly any number  
of bear traps the telescope’s analysis team 
might have fallen into. Above all, other things 
besides primordial gravitational waves from 
inflation can produce B-mode polarisation 
signals. The gravity of galaxy clusters could 
have twisted the light at a later date, as could 
dust grains trapped in our galaxy’s magnetic 
field. Already it has been suggested that dust 
grains from supernovae could have created 
the pattern (see page 14).

Targeting a small patch of sky far away  
from the central plane of our galaxy and  
from any large galaxy clusters, as BICEP2  
has done, cuts down this contamination.  
But Peiris, who works on the Planck mission, 
still has concerns. “I am amazed by their 
accomplishment. This is like a one-in-fifty-
years discovery, right?” she says. “But as a 
scientist, I have to be sceptical.”

She worries that a single sequence of 
joined-up software routines, together known 
as a pipeline, was used to analyse the BICEP2 
data. On Planck, at least two and sometimes as 
many as five independent pipelines reduced 
the risk of an undetected bug skewing the 
result. “To verify the BICEP2 results requires a 
different pipeline, different data and different 
part of the sky,” says Peiris.

BICEP2 could do that itself, by developing a 
second pipeline to put its data through. Other 
ground-based telescopes could also offer 
independent insights, among them Hanson’s 
South Pole Telescope and POLARBEAR, which 
is located in Chile. Their respective teams  
are already scouring their data or planning 
observations that could corroborate or 
contradict BICEP2. Unsurprisingly, they  
are not yet prepared to comment.

The heavy hitter remains Planck. Its full-sky 
map cuts the likelihood that any pattern it 

“ INFLATION CAN TAKE 
ALMOST ANY IMAGINABLE 
BEGINNING AND MAKE IT 
INTO THE UNIVERSE WE 
SEE, SO WE CAN’T NOW 
EVEN BE CERTAIN THERE 
WAS A BIG BANG”

“ A MOMENT OF THE EARLY UNIVERSE 
WAS WRIT LARGE, LIKE A PICTURE SEEN 
ONLY IN PIXELS”
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generate differently sized gravitational waves 
on different scales. Theorists are already busy 
at their laptops slinging together papers to  
do just that. Others take a less radical line, 
believing that BICEP2 probably has detected 
primordial gravitational waves and will  
come up with a smaller r-value as more data 
becomes available.

Homing in on the right r-value might also 
help solve the big question of what sort of 
engine drove inflation. Or it might not, says 
theorist David Wands of the University of 
Portsmouth, UK. “Inflation is a way of 
avoiding a lot of the difficult problems we 
encounter when discussing the big bang.  
It means that we can describe a lot of the 
properties of the universe without having  
to push back to the big bang itself.”

Worse than that: inflation effectively erases 
the details of what went before, smearing it 
out in the exponential expansion or driving it 
so far away that we cannot see it. Inflation can 
take almost any imaginable beginning and 

transform it into the universe we see. That 
means we can’t even be sure there was a big 
bang, an expansion from a singularity of 
infinite density and heat, immediately before. 
“A big bang singularity might indeed have been 
only 10-36 seconds before these gravitational 
waves were generated, or it might have been  
a trillion years,” says Peacock.

Trapped in the past
It might not just be the big bang itself that is 
forever hidden from view. Most cosmologists 
and physicists believe that describing the 
universe’s origin requires a theory linking 
gravity, as described by general relativity, to 
quantum theory, which describes the other 
three forces of nature. The effects  of quantum 
gravity would manifest themselves only at 
energies or densities far higher than those  
we could create in a particle accelerator. But 
there was still hope that direct observational 
evidence from the early universe would help 
us to pin down such a theory.

This could be the catch-22 of the BICEP2 
result. According to Peacock, confirmation  
of the BICEP2 discovery would tell us that a 
quantum theory of gravity does exist. “The 
gravitational waves would only be generated 
with this amplitude if quantum mechanics 
applies to gravity as well as other fields such  
as electromagnetism,” he says. But the era of 
quantum gravity would now be firmly trapped 
behind the featureless mask of inflation, 
ruling out direct cosmological tests.

If so, the early sighs of relief may turn into 
screams of frustration. “Now we have proof 
that some such quantum theory of gravity 
must exist: it’s just that we can’t see how to 
probe it,” says Peacock.

Peiris is less definitive, and thinks there 
might still be a chance of finding out 
something of what came before. “I wouldn’t 
actually rule out that we’ll never get any 
further information ever,” she says. “It is still 
early days for the theory of inflation. Perhaps 
some further prediction will come out of it.”

Let’s hope so, because otherwise 17 March 
2014 might come to be seen as both a 
beginning and an end for cosmology. If there 
really is a limit on how much we can know 
about how and why it all began, cosmologists 
will have to comfort themselves that there  
are still enough mysteries this side of  
the inflationary barrier to occupy them.  
Dark matter and dark energy, anyone?  ■

Stuart Clark is a consultant for New Scientist. His 
latest book is The Day Without Yesterday (Polygon)A

RT
 A

N
D

 P
H

O
TO

 : J
U

LI
EN

 V
A

LL
ÉE

/W
W

W
.V

A
LL

EE
D

U
H

A
M

EL
.C

O
M

sees is a localised blip. What’s more, it took 
readings at nine microwave wavelengths.  
This makes it easier to subtract foreground 
polarisation contamination reliably, as the 
scattering of microwaves by intervening dust 
varies with wavelength.

When the Planck team released their 
temperature map last year, they promised  
to publish polarisation data this year – in 
November, if the latest rumours are right. But 
not all is sweetness and light with the Planck 
data, either. If the temperature fluctuations  
it saw are born of inflation, they should be  
the same over all distance scales. In fact, they 
are greater on smaller scales. Researchers  
have tended to sweep this anomaly under the 
carpet, referring to it as a “tension”. That may 
no longer be so tenable. “If you take BICEP2’s 
r-value at face value, that would actually make 
the tension worse,” says Hanson. “We may 
have to extend the cosmology.” 

By that he means dreaming up even more 
outlandish versions of inflation that can 
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as quickly as they come, but in some people, 
they don’t. Understanding this difference 
could change lives, because when we can’t 
make our strange thoughts go away they can 
bring misery and mental illness. I turned mine 
into obsessive-compulsive disorder (OCD).

Most people have heard of OCD but tend to 
think of it as a behavioural quirk. In fact, OCD 
is a severe and crippling illness, and one 
defined as much by the mental torment of 
recurring strange thoughts as physical rituals 
such as repeated hand-washing. For many, 
these compulsive behaviours are an attempt 
to make their intrusive thoughts go away.

Where do intrusive thoughts come from? 
Psychologists think that our brains have 
something they call a cognitive “idea 
generator”. Under normal circumstances, this 
might help us solve problems by considering 
all possible options – even ridiculous ones.

There is no direct evidence to support this 
idea because it is hard to test. But surveys do 
show that intrusive thoughts tend to crop up 
more in some situations, such as when we  
are under stress.

Neuroscientists in Germany reported 
a brain scan study in 2012 that suggested 

Disturbing thoughts afflict most people, 
but when David Adam’s persisted, he 
developed obsessive compulsive disorder

>

Prisoners of 
thought

FOR Winston Churchill, it was an urge to 
leap from balconies and into the path 
of oncoming trains. For 20th-century 

mathematician Kurt Godel, his bête noire was 
random food poisoning, from his fridge or in 
general – he eventually starved himself to 
death. And Alfred Nobel was so terrified of 
being buried alive that the last words of his will 
state:  “It is my express wish that following my 
death my veins shall be opened, and when this 
has been done and competent doctors have 
confirmed clear signs of death, my remains 
shall be cremated.”

Most people don’t talk about strange 
thoughts like these, at least until psychologists 
take the trouble to ask. A study last year of 
more than 700 students around the world 
found that 90 per cent of people experience 
thoughts that disturb, shock and bemuse 
them. Many of us think about driving our car 
off the road. A third of us say we think about 
grabbing money. More than 40 per cent get an 
urge to jump from high places, an impulse so 
common that it has its own name: the high-
place phenomenon. Psychologists dub these 
ideas and urges intrusive thoughts.

In most people, intrusive thoughts vanish 

intrusive thoughts might form in the regions 
responsible for language. These weird 
thoughts might be more common, they 
speculate, in people with strong “inner 
speech” processes, although the connection 
between thought and language is as much a 
question for philosophy as science. Some 
argue that thought requires language, while 
others suggest that language is just a way for 
thoughts to enter and exit the mind.

What we do know is that we can experience 
intrusive thoughts without the desire to act 
on them. A disturbing thought of sex with a 
child doesn’t make someone a paedophile, 
just as an unwanted urge to hit someone with 
a hammer doesn’t make someone a thug or 
a murderer.

My OCD is based on intrusive thoughts 
that I could catch HIV. I compulsively check for 
blood to make sure I haven’t come in contact 
with the virus and I steer my behaviour to 
make sure I don’t catch it in future. I see HIV 
everywhere. It lurks on toothbrushes and 
towels, taps and telephones. I wipe cups and 
bottles, hate sharing drinks and cover every 
scrape and graze with multiple plasters.  
My compulsions can demand that after a 
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scratch from a rusty nail or a piece of glass, 
I return to wrap it in absorbent paper and 
check the object for drops of contaminated 
blood that may have been there. I have 
checked train seats for syringes and toilet 
seats for just about everything. 

As a journalist, I meet a lot of people and 
shake their hands. If I have a cut on my finger, 
or I notice that someone I’m talking to has a 
bandage or a plaster over a wound, thoughts of 
the handshake and how to avoid it can crowd 
out everything else. My rational self knows 
that I can’t catch HIV in these situations, but 
still the thoughts and the anxiety flood in.

I don’t fear HIV as it is now understood – 
a fragile virus that leads to an infection that 
can be managed with drugs. The HIV I focus 
on is the disease of the late 1980s; a threat so 
severe that the UK government responded by 
beaming television adverts into our homes 
showing crashing gravestones with the 
catchphrase “AIDS: Don’t Die of Ignorance”. 

It wasn’t just me. A generation was 
traumatised. The US psychiatrist Judith 
Rapoport wrote in her book The Boy Who 
Couldn’t Stop Washing that by 1989 a third of 
her obsessive-compulsive patients focused 
on HIV and AIDS. The disease, she wrote, 
appeared “so terrifying, so irrational that it 
could have been the creation of an obsessive-
compulsive’s worst fantasy”. 

Irrational fear
This reaction to the threat of HIV is an 
example of how obsessions can closely mirror 
society’s fears and anxieties. In the 1920s, 
doctors in the US reported a surge in what 
they called syphilis-phobia, which coincided 
with a campaign to highlight the dangers of 
the disease. In the 1960s and 1970s there was a 
spike in irrational fears of asbestos, just as the 
dangers of the material had come to popular 

attention. By the 1980s and 1990s it was HIV. 
In this new century, society has another 

topic to obsess over. In 2012, Australian 
scientists reported the first cases of OCD in 
people who fixate on thoughts about climate 
change – a bogeyman for the new millennium 
and one that, like HIV in the 1980s, poses an 
uncertain, universal threat, depicted in lurid 
detail by the mass media. 

In this way, external cultural factors can 
steer the topics that someone with OCD will 
fixate on, says Mairwen Jones, head of the 
University of Sydney Anxiety Disorders Clinic, 
who led the Australian study. “Since fear of 

contamination and illness is frequently 
experienced by people with OCD, it makes 
sense that media coverage of the HIV epidemic 
would have triggered these new concerns in 
some people,” she says. “It’s likely that reports 
of climate change triggered the sort of fears 
experienced by people in my study.”

Some of these people worry that rising 
temperatures will evaporate the water they 
leave out for their pets, and so they check 
the bowls time and time again. Others feel 
compelled to make sure that taps, heaters and 
ovens aren’t left on, not because they fear the 
consequences for themselves, but because of 
the perceived impact of their negligence on 
water resources and greenhouse gas 
emissions, and so the fate of the planet. One 
man was obsessed with the idea that global 
warming would make his house fall down. 
He compulsively checked the skirting boards, 
pipes and roof for cracks, and repeatedly 
opened and closed his wooden doors to make 
sure that climate change hadn’t brought a 
plague of termites.

As cultural concerns shift and change, so 
can the intrusive thoughts of an individual 
with OCD. Take Mavis, a patient seen by 
psychiatrists in London in the 1970s. For 
35 years she’d had OCD, spending almost 

her entire adult life carrying out cleaning 
rituals to counter her fears of contamination. 
In the 1940s, Mavis was obsessed with syphilis, 
and she scrubbed and disinfected herself to 
ward off the disease. She also avoided whole 
districts of the city where she lived and took 
particular care not to walk on discarded 
condoms left on the street. As cancer replaced 
syphilis as a public health concern in the 
1960s, Mavis became preoccupied with the 
idea that she would develop tumours. The 
fears of syphilis faded but the rituals 
remained the same. The repeated washing, 
she said, was now to keep away cancer.

Many of the people Jones sees who obsess 
over climate change have had OCD for a long 
time. “These represent largely a change in 
their concerns, likely due to media coverage,” 
Jones says. 

Of course, not everyone who grew up in the 
1980s became plagued by obsessive intrusive 
thoughts about HIV. If intrusive thoughts are 
common, and intrusive thoughts can lead to 
OCD, then why is OCD not more common? 
About 2 to 3 per cent of people are estimated 
to have OCD at some point – a tiny fraction 
of those who experience weird thoughts.

“The problem is not the thoughts 
themselves, but the way that people interpret 
them,” says Stanley Rachman at the University 
of British Columbia in Vancouver, Canada,  
and an expert on OCD. Psychologists think 
that conversion of harmless weird thoughts to 
OCD is driven by ways of thinking called 
dysfunctional beliefs, usually picked up in 
childhood. Lots of people, for instance, 
overestimate the negative consequences 
of their actions, which can trigger anxiety.

Most of us have dysfunctional beliefs to 
some degree, although this doesn’t guarantee 
that someone will develop OCD. Different 
types of dysfunctional belief could help to 
explain the range of OCD symptoms, though. 

A history of OCD
People have been plagued by unwanted thoughts through the ages

AD 700 (approx) 
The monk John Climacus 
writes of “unclean and 
unspeakable thoughts 
that come at us”

1600 
Compulsive washing 
treated with astrology

1666 
John Bunyan, author 
of Pilgrim’s Progress,
describes his “confusion and 
astonishment” at unwanted 
blasphemous thoughts

1724 
Irrational fear of syphilis 
reported in “crazy-headed” 
man with no physical 
symptoms, by a physician 
called Daniel Turner

1834 
French psychiatrist Jean 
Esquirol sees medicine’s 
first obsessive-
compulsive patient

“Syphilis, asbestos, HIV – the 
fears of people with OCD 
mirror society’s anxieties”
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For example, perfectionism could underpin 
a compulsive need for symmetry, while 
overestimation of threat could promote 
compulsive checking for dirt and disease.

According to the accepted cognitive model 
of how OCD develops, the most important 
dysfunctional belief in OCD is an inflated 
sense of responsibility. People with the 
disorder often believe that if they can 
influence an outcome, that makes them 
responsible for it. Someone might pick up 
broken glass, for instance, because if another 
person cut themselves, they would feel 
responsible for it. This triggers a cascade 

of twisted secondary ideas – “having this 
thought means I want to do it” or “if I fail 
to prevent harm then it is as bad as directly 
causing harm”.

One reaction to recurring intrusive 
thoughts is to try to force them away. But 
countless studies have demonstrated that it is 
hard, if not impossible, to suppress unwanted 
thoughts, and they often resurface later on. 
Suppressing a thought before sleep can even 
make it resurface in a dream.

Faced with this onslaught of unwanted 
thoughts, most people with OCD change 
their behaviour. They develop compulsions, 
or repetitive actions.

People with OCD use their compulsions in 
two ways. One is to answer a question, so if you 
are haunted by the idea that you may have left 
the back door unlocked, then a compulsive 
and reassuring check should settle the matter. 
Others use them to stop the thoughts coming 
in the first place. For example, a 14-year-old 
girl with obsessive thoughts about worms 
entering her body avoided the threat by not 
opening her mouth to speak for 10 months. 

Sometimes the nature of the compulsions 
bears no apparent relation to the subject of the 
obsessions. People with OCD can be compelled 
to tap surfaces or count or say secret words to 

themselves to “undo” the imagined 
consequences of an intrusive thought, 
that their best friend will die, for example. 

Rachman believes that intrusive thoughts 
might play a role in other mental disorders 
too. Take an intrusive thought to stab an old 
lady in the street. If someone were to take 
responsibility for that thought, they might 
develop OCD. But if they were to attribute 
the thought to another person, or the devil, 
or the CIA, then the thought might develop 
into schizophrenia. “The key feature in 
schizophrenia is a failure to try to resist the 
thoughts,” he says. 

As brain imaging tools have developed, 
neuroscientists have started to watch the 
intrusive thoughts of OCD play out in pixels. 
It’s far from clear what goes wrong, but based 
on these studies the most popular theory is 
that there’s a malfunction in the circuits 
connecting three brain areas: the orbitofrontal 
cortex (OFC), which processes sensory 

information; the basal ganglia, which selects 
the appropriate action; and the thalamus, 
which coordinates the physical action and 
then sends a message back to confirm this. 

In this model of obsessive behaviour, OCD 
starts when the thalamus runs out of control 
and sends inappropriate instructions back to 
the OFC, creating a dilemma: information 
from the senses indicates that everything is 
fine, yet signals from the thalamus suggest 
otherwise. The resulting physical behaviour, 
the ritual, continues even as the senses tell the 
OFC that there is no need for the behaviour. 

People have been seeking help for the 

distress caused by intrusive thoughts for 
centuries (see timeline). In return, they have 
been locked up, declared mad, given huge 
doses of hallucinogenic drugs, shunned or 
had their brains blasted with electricity.

Things have improved since then. 
Antidepressants called selective serotonin 
reuptake inhibitors seem to relieve the 
symptoms in about 40 per cent of people 
with OCD, although why they do so is unclear. 
Meanwhile, cognitive models of OCD have 
produced psychological treatments that try 
to break the link. Therapists help people to 
identify their dysfunctional beliefs and to, 

quite literally, think differently. This is known 
as cognitive behavioural therapy (CBT).

In 2012, scientists in Tennessee and Texas 
pooled the results of 16 randomised controlled 
trials of CBT for OCD, and concluded that the 
therapy was more effective than doing nothing. 

I have had CBT and learned to watch my 
intrusive thoughts come and go. The skill is 
not to react to the content of my thoughts; 
it’s difficult, but with near-constant vigilance 
and practice it can be done, and it does help.  
I take the drugs too. But what helped the most 
was a photocopied list of weird thoughts the 
therapist handed me in an early session. Sex 
with animals, murder, incest, disease and 
child abuse all featured, as they do in OCD. 
Then he delivered the punchline: these 
thoughts all originated in the minds of 
perfectly normal and healthy people; 
inside nine in 10 of them.

It was a revelation that made me feel less 
of a freak and put me on the long road to 
recovery. If more people talked about their 
strange thoughts, then fewer people would 
be so distressed by them. I, for one, am now 
ready to do so.  ■

David Adam is an editor at Nature. His book,  
The Man Who Couldn’t Stop, is published by Picador

1984 
US surveys suggest 
that OCD affects many 
more people than 
previously thought

2013 
DSM-5 moves OCD from 
anxiety disorders to create 
a new diagnostic category 
of Obsessive Compulsive 
and Related Disorders

OBSESSIONS OF THE ERA 

1920s: Syphilis 1970s: Asbestos 1980s-90s: HIV and AIDS Now: Climate change

1909 
Sigmund Freud describes 
his treatment of a man 
who had obsessive 
thoughts about rats and 
launches psychoanalysis

1952 
First Diagnostic
and Statistical Manual
of Mental Disorders (DSM)
lists obsessive
compulsive reaction

1977 
Psychologists 
discover that most normal 
people, as well as those 
with OCD, experience 
intrusive thoughts

“ Sex with animals, murder, 
incest. These thoughts 
originated in normal people”
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VS
AS I drive along the highway from 

Darwin, through a town called Humpty 
Doo, it’s hard to believe I’m in cane toad 

territory. It’s a scorching 42 °C and the tropical 
savannah alongside the road is bone dry, a 
patchwork of fire scars, red dirt and brown 
leaves. It is the end of the dry season, and there 
has been no rain to speak of for more than 
three months. This isn’t the kind of place you 
would expect to find water-loving amphibians 
from the Amazon – not even killer 
supertoads – but they are here.

I’m heading to a nearby wildlife reserve 
called Fogg Dam to visit biologist Rick Shine. 
After spending decades studying native water 
pythons, Shine switched his focus to cane 
toads as they neared Fogg Dam a decade ago. 
“It was an obvious opportunity to work out 
what the impact would be,” he says as he 
shows me around his lab – an old brick 
building connected to a couple of large sheds. 
All around are small pools, cages and even ice 
cream containers full of toads of various ages.

As the toads invaded Fogg Dam, Shine,  
who is based at the University of Sydney, got 
some of the first hard data on their impact. 
What he has found is that the Australian cane 
toad invasion is both far worse than anyone 
thought – and also not nearly as bad.

The toads are spreading further and faster 
than anyone expected, and they do have a 
devastating impact when they first arrive in a 
region. But most animals are adapting to their 
presence surprisingly quickly, and some even 
benefit. “If you’re a frog, the toad is your 
superhero,” says Shine. “You’ve got its picture 
up on the wall. This guy is coming in, he looks 

pests – despite there being little evidence that 
the ground-living toads could control pests on 
3-metre-high sugarcanes. They have thrived in 
most of their new homes.

In Australia, the toads got little attention for 
decades, even as they slowly spread and 
multiplied. But then a pet quoll – a small 
carnivorous marsupial native to Australia – 
belonging to Mike Archer died after trying to 
eat a toad. Stung by denials that the toads  
were toxic to native wildlife, Archer, a 
palaeontologist at the University of New South 
Wales, went around collecting reports of pet 
dogs and native predators dying after trying to 
eat the toads. His 1975 paper alerted people to 
the potential impacts. “That was the turning 

The cane toad is 
spreading ever faster 
across Australia, killing 
anything that tries to 
eat it. Yet the feared 
wildlife catastrophe 
hasn’t happened,  
finds Michael Slezak

ALIENS 
PREDATORS

like a frog and is killing everything that attacks 
frogs. If you’re a green tree frog, what more 
could you hope for in life?”

So while many biologists still fear that the 
toads will have dire consequences, Shine is 
more optimistic. “I came into this thinking 
‘I’m going to be documenting a catastrophe’,” 
he says. “I’ve gone to thinking it’s a good-news 
story about the resilience of ecosystems.” 
Could he really be right?

The toad invasion began in 1935 when 102 
young cane toads were brought to Queensland 
from Hawaii (see map, page 43). At the time, 
the toads, native to South America, were being 
deliberately introduced to many sugar-cane 
growing regions across the tropics to control 
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point where we really started to say to 
zoologists that this is a disaster,” says Archer.

No one doubts any longer that cane toads 
are killers. Not only do they eat any animal 
they can stuff in their mouths, they also 
produce toxins in their skin that, when 
absorbed through the mouth or eyes, can stop 
the heart. Most animals that try to eat them 
die – which is very bad news given that the 
toad army now numbers in the hundreds of 
millions, and in places there are more than 
2000 toads per hectare.

These factors led many biologists to  
predict ecological meltdown. “You can now 
forget about Kakadu,” biologist Mike Tyler of 
Adelaide University was reported as saying  

in 2002, as the toads moved into the world 
heritage site Kakadu National Park near 
Darwin. “Kakadu is lost.”

The toads are now racing towards a region  
of north-western Australia known as the 
Kimberley. “Many very distinctive Australian 
native species now only occur there,” Shine 
says. Cats, fungi, habitat loss and other 
pressures have wiped them out elsewhere.  
“So the Kimberley really is the last hold-out 
for the things that are in desperate trouble.”

No one expected the toads to move so fast. 
Initially, they only advanced about 
10 kilometres per year. Now they are moving 
more than 55 kilometres per year. In 2009 
they crossed into Western Australia, more 

than 4000 kilometres from where they began. 
When Shine’s team strapped radio trackers 

on the toads as they moved past Fogg Dam and 
into Darwin between 2001 and 2005, they 
found the invasion front was averaging an 
incredible 250 metres every night. Individual 
toads sometimes went much faster. One of  
the toads they tracked travelled almost  
22 kilometres in a single month.

The docile, fat toads Shine knew from the 
farms of Queensland simply couldn’t do that, 
he thought. So he examined the toads on the 
front line and found something remarkable. 

Look into my eyes: I’m evolving to be faster, 
feistier and possibly smarter too
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In just a few decades, they had evolved longer 
legs that allow them to move faster. 

To prove we are witnessing evolution in 
action, Shine bred toads from different 
locations in captivity and compared their 
progeny. Lo and behold, the long legs were 
passed on to their offspring.

The leaders of the invasion seem to be 
evolving in even more radical ways. When  
you put the toads in a cage “the guys from 
Queensland sit back, you know, [saying]  
‘Bring me another cockroach please’,” Shine 
says. “But when you get the toads from the 
invasion front, the poor buggers are bashing 
their noses against the wall,” he says, 
punching his palm repeatedly with his fist  
to demonstrate. “They want to get going.”

Shine’s PhD student Jodie Gruber is trying 
to find out if they are getting smarter too. 
Gruber can’t answer that question yet, she  
tells me when I go to visit, but she has already 
discovered that the toads are smart. Only one 
amphibian had ever passed a test called the 

Morris water maze, in which it had to find an 
underwater platform to sit on, she says. After 
just a week of studying the toads, she has 
found that they can pass the test too. 

So the vanguard toads are evolving to be 
faster, more aggressive and possibly smarter. 
They do pay a price for these abilities, though, 
such as arthritis and a weaker immune 
system. So once an area has been invaded,  
the population regresses back to the lazy 
Queensland-type toads. But in the meantime, 
Australia has to deal with an accelerating  
wave of invaders. How can Shine be optimistic? 
Because what happened at Fogg Dam and 
elsewhere wasn’t as bad as he had feared.

“The big goannas [monitor lizards] were 
slaughtered in droves, and quolls are hard to 
find. But both species are still hanging on,” 
Shine says. Some native species have even 
become more common. And the same seems 
to be true elsewhere, including in the “lost” 
Kakadu park. “So far as we know, the Kakadu 
story is very similar to Fogg Dam,” Shine says. 
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WINNERS AND LOSERS

The effect of cane toads on Australia’s 
native wildlife varies greatly. 

BIRDS
Little impact. Seem to either ignore  
the toads, eat only the non-toxic bits or 
tolerate the toxins. 

SNAILS
A cane toad delicacy, but the two don’t 
overlap in spatial extent very much so 
numbers haven’t fallen greatly. 

SNAKES 
Varies. Some are immune to the cane 
toad’s toxin, but those that aren’t have 
seen local population crashes. The most 
vulnerable species seem to be evolving 
not to eat toads. 

FRESHWATER CROCODILES
In some places there have been mass 
die-offs, but in other areas they seem 
unaffected. It’s not clear why. 

SALTWATER CROCODILES
Relatively resistant to cane toad toxin. 

GOANNAS
Badly affected initially, with 95 per cent 
killed as the toad invasion sweeps 
through a region. Later populations 
seem not to eat the toads – it’s not clear if 
this is a learned, or evolved, response.

NATIVE FROGS
Little change overall. The negative 
effects, such as tadpoles dying when 
they eat cane toad eggs, seem to be 
balanced by positive effects such as 
predator reduction. However, the toads 
carry a parasite deadly to the 
magnificent tree frog. 

QUOLLS 
Massively affected, with large-scale local 
population crashes. But some survive. 
And they can easily be taught not to eat 
the toads. 

BLUE-TONGUED SKINKS 
Virtually disappear when the toads arrive. 

FISH
Learn to avoid cane toad tadpoles. 

FRILL-NECKED LIZARDS
In some areas they die out, in others  
they don’t. 

“ If you’re a frog, the cane toad is your superhero. He looks like 
a frog and is killing everything that attacks frogs”

The Kimberley Toad 
Busters  group is 
attempting to halt a 
westward invasion 
(top), while quolls are 
learning that cane 
toads are toxic tucker
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The doomsayers – including himself from an 
earlier time – haven’t been vindicated.

For example, one worry was that cane toads 
would outcompete native frogs, causing mass 
extinctions. In a review of the available 
evidence, Shine found toad invasions had 
almost no effect on native frog abundance.  

What’s more, many of the predators whose 
population had been destroyed by the toad 
arrival – like quolls and goannas – have learned 
surprisingly quickly not to eat them (see 
“Winners and losers”,  left). “If you go to 
northern Queensland now, quolls and 
goannas are common. They kick toads out of 
the way, grab a frog and eat it,” Shine says. 

One reason could be that once toad 
populations are established, there are a lot of 
baby toads hopping around. And for a young 
goanna or quoll, a baby toad is easier to  
catch than an adult. It will make the predator 
sick, says Shine, but is less likely to kill it, 
providing a life-saving lesson in bush tucker.

In the wild, for instance, adult freshwater 
crocodiles have died en masse after trying to 
eat adult toads. In the lab, Shine’s team found 
that crocodile hatchlings would attack small 
toads. But although they showed no obvious 
signs of illness afterwards, half of them 
wouldn’t touch a toad again. 

Living with the enemy
Other animals are evolving to avoid toads.  
A decade ago, one of Shine’s protégés, Ben 
Phillips at the University of Melbourne, 
showed that red-bellied black snakes and  
tree snakes living in toad-infested areas had 
evolved smaller heads over time, preventing 
them from eating large toads.

Now the head-size shift seems to have been 
overtaken by a more efficient adaptation: 
some snakes are no longer interested in toads. 
It couldn’t be a learned behaviour, Phillips 
says, because programmes teaching animals 
not to eat toads don’t work with snakes.

So while the arrival of the toads is hardly 
good news, it hasn’t been the disaster once 
feared. “Toads have changed everything,” 
Phillips says. “Some of that change has been 
positive and some of it has been negative.  
The system is not the same as it was before.”

Shine is keen to make it clear that toads  
have not caused a single extinction. But  
Simon Clulow, a biologist at the University of 
Newcastle in New South Wales, thinks that 
could change. The reason is that the toads 
carry a lungworm parasite. Most Australian 
frogs aren’t harmed by it, but it’s deadly to the 
magnificent tree frog, a species found in the 

Kimberley. “It’s a very social species and they 
huddle together,” Clulow says. “Once this 
worm gets into the magnificent tree frog 
population it will rip right through it.”

But even on this point, Shine is more 
positive. “I think the habitat differences are 
quite substantial and will reduce the risk of 
parasite transfer,” he says. “I don’t think this is 
the death knell for the magnificent tree frog.”

Even though Shine doesn’t think the toads 
will have as catastrophic an impact as some 
fear, he is in no doubt that it would be far 
better to keep the toads out. He, Clulow and 
others hope some key areas in the Kimberley 
can be kept toad-free by using pheromone 
traps, pheromone repellents and fences. 

And while it might be too late for the 
Kimberley, many think the toads’ advance 
could be stopped there. To spread into the 
Pilbara region 1000 kilometres to the south, 
the toads would have to cross a desert. Models 
suggest that they will have no problem 
passing through that desert, but only because 
of a network of water holes set up by farmers. 

To stop this the water holes don’t even have 
to go – they just need to have smooth walls 
about 50 centimetres high to stop adult toads 
entering and breeding in them. “It’s a realistic 
place where they could be stopped. Almost 
everyone is in agreement,” Phillips says.

While north-western Australia fights for  
a toad-free life, the rest of the north has no 
choice but to live with the enemy. At one point 

the government spent millions trying to 
develop a genetically engineered virus to kill 
the toads, but that plan has been abandoned. 
Many people around here despise the toads. 
Archer, for one, has never forgiven them for 
killing his quoll: “I haven’t wavered a bit.  
I think they’re a noxious horrible pest and 
they’re going to cause a transformation.” 

In fact, they are so hated it is common 
practice to hit them with golf clubs or drive 
over them with cars rather than killing them 
more humanely by placing them in a bag in a 
freezer for a few days. “You know it’s not their 
fault that they’re here,” says Shine, who has 
gone from hating toads to having a grudging 
respect for them. In fact, he seems to really 
love them. “We need to treat them with the 
same ethical care we would a koala.” He smiles 
and adds: “And if you pushed me I might say 
more than a koala.”

Holding a Queensland cane toad, I can even 
start to see what Shine and his students have 
come to like about them. For all the talk of 
their viciousness, they seem remarkably tame. 
Because their weapon is their toxicity, as soon 
as they feel threatened, they just sit still. And 
their eyes are magnificent: they look like an 
exploding star with black and gold speckles.  
It might just be the hallucinogenic toxins, but 
maybe I, too, could learn to love the toad.  ■

Michael Slezak is New Scientist’s Australasian 
reporter  
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Fogg Dam

Spread could be halted 
here if dams and water 
holes are modified
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Faster and faster
Cane toads spread slowly for the first 50 years after their introduction on the east coast of Australia, but are 
now racing ever faster across the north of the country. Predictions of how far they will spread in the future vary

One prediction suggests the cane toad could stick mainly to northern Australia

Future distribution

Cane toad range

But a second suggests it could reach the south coast

Both predictions suggest these areas will be invaded

Kimberley

Pilbara

Kakadu National Park
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The borders
 of order Do all living things exist 

at the edge of chaos? 
Philip Ball reports
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WHEN physicists take an interest in  
the living world, some biologists  
fear the worst. After all, goes the bad 

joke, there’s only so much you can gain by 
modelling a cow as a sphere. But one crucial 
idea from physics may hold valuable insights 
into complex biological behaviour in 
everything from birds to gene networks.  
There is increasing evidence that many 
systems we observe in living things are close  
to what’s called a critical point – they sit on  
a knife-edge, precariously poised between 
order and disorder. Odd as it may sound, this 
strategy could confer a variety of benefits,  
in particular the flexibility to deal with a 
complex and unpredictable environment. 

Some of the most convincing evidence 
comes from neuroscience. For a decade now, 
we have been seeing clues that neurons in the 
brain sit near a critical point. On one side, they 
are stable and ready to respond to stimuli. On 
the other, they fire in an uncontrolled cascade, 
triggering a seizure. Neuroscientists believe 
that being poised in between can help explain 
basic aspects of the brain’s functions. 

Similar behaviour has been spotted in bird 
flocks, insect swarms and even inside cells. 
This proximity to “criticality” could help 
creatures adapt rapidly, says physicist Jim 
Sethna of Cornell University in Ithaca, New 
York. “At the critical point, everything is about 
to go crazy. You get massively more sensitive 
behaviour.” It is, he says, like having some 
general-purpose knobs that living things can 
adjust to cope with change without needing  
to reconfigure their genomes. According to 
Manfred Eigen, who won the 1967 Nobel prize 
for chemistry, critical states might even help 
to explain how evolution works. 

All this raises a profound question. Is the 
presence of criticality in all these systems  
just a coincidence, or a sign of a unifying 
physical law for all life?

The idea that critical states might underlie 

many processes in the natural world hit the 
headlines in the 1980s, when Danish physicist 
Per Bak and his collaborators suggested that  
a range of natural phenomena display what 
they called “self-organised criticality”. The 
archetypal example is a heap of sand. Add 
more grains to it, and the peak grows until it 
reaches a critical point at which it suddenly 
collapses. These avalanches occur 
spontaneously again and again: the grains  
in the heap constantly reorganise themselves 
by collapsing only to return to a critical state. 

One defining characteristic of these 
avalanches is that they are “scale invariant” – 
they occur at all sizes and the distribution of 
sizes follows a power law, meaning smaller 
avalanches occur more frequently than bigger 
ones, according to a strict ratio. Bak pointed  
to other natural systems that experience 
avalanche-like convulsions with a power-law 
scaling, including mass extinctions, 
earthquakes, and the spread of forest fires. 
There were even hints of this behaviour in 
living systems. Was Bak on to something?

Unfortunately, says William Bialek, a 
theoretical physicist at Princeton University, 
this grand theory didn’t deliver when it was 
applied to biology. Despite claims that self-
organised criticality should not only be 
widespread but beneficial to life, he points  
out that there has been no strong evidence 
that either scenario is true. 

Now, though, ever-faster computers and 
low-cost sensors have allowed researchers  
to collect vast swathes of data and run huge 
statistical analyses and simulations that 
would have been impossible a decade ago.  
And with this, Bialek and his Princeton 
colleague Thierry Mora have been able to 
uncover persuasive evidence that criticality 
does indeed play a role in living creatures.

Rather than self-organised criticality, Mora 
and Bialek have turned to an older notion: the 
critical phase transition, in which a system CO
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of many interacting components switches  
suddenly from one state to another. Probably 
the best known example is the magnetic 
transition or critical point of iron. At 
temperatures below the transition, the 
magnetic poles of all the atoms are aligned. 
But heated close to the transition, the 
orientation of these poles fluctuates, creating 
a shifting patchwork of magnetised domains 
of different sizes. At the critical point itself, 
fluctuations are sufficient to totally scramble 
the ordering: the metal loses its magnetism. 

Magnetic alignment below the phase 
transition occurs because each atom interacts 
with its neighbours, allowing them to come  
to a kind of collective decision about their 
orientation. Phase transitions of this kind 
occur in all manner of physical systems,  
from superconductors to polymer mixtures. 
Why not in living things too?

While Mora and Bialek were developing 
their ideas, Andrea Cavagna and his team at 
the Institute for Complex Systems in Rome, 
Italy, were finding evidence that backed them 
up. The team fixed three video cameras on  
top of the city’s National Roman Museum, 
which overlooks a major winter roosting  
site for starlings. Then they filmed the birds  
at dusk during their flocking displays and  
used machine vision software to extract the 
movements of every bird in 3D – no mean  
feat given that each flock can have several 
thousand members. 

The data allowed Cavagna to figure out the 
flock’s average speed and direction, as well  
as how each bird deviated from these at  
each moment. From this they calculated the 
correlations between birds: how closely the 
deviations of any two birds were matched as 

the distance between pairs increased. The 
results were surprising. “We found that the 
correlation was very strong,” Cavagna says. 
The birds seem to be tuned in to variations  
in one another’s movements even when  
they are too far away to see each other. One 
bird can influence others far away through 
“neighbour-to-neighbour” interactions,  
just as fluctuations in the orientation of  
iron atoms close to the critical point are 
transmitted through the material. 

Beauty of flocking
Analogies between magnetism and flocking  
in animals are not new, but Cavagna’s study 
was the first to show that real flocks of birds 
exhibit magnet-like critical behaviour, says 
Bialek. Although Cavagna does not know 
exactly how the starlings achieve this, he 
suspects it is beneficial to them. If, as it seems, 
the flock is close to a critical point, the birds 
avoid two extremes: they are neither in a 
disordered state where interactions between 
individuals are ineffective, nor in an ordered 
one in which interactions are so strong that it 
is locked into regimented group motion. At 
criticality, the flock remains coordinated but 
highly responsive to external disturbances.  
If any bird spots a predator, the others get 
wind of it almost immediately and can head 
for safety. Flocking, says Cavagna, gives the 
ideal balance of orderliness and adaptability. 

Since then, Cavagna and colleagues have 
switched their attention to midges. These 
insects form small swarms to mate, and the 
prevailing view was that swarming midges 
buzz around independently. Cavagna 
expected his observations to confirm this,  

but when his team filmed the insects around 
Rome’s parks, they concluded that there are 
very strong correlations here too. Just like 
starlings, midges seem to live close to a critical 
phase transition. 

Cavagna’s starlings are one of the largest 
groups of collectively moving creatures ever 
analysed, yet this is nothing compared to 
unpicking the workings of the human brain. 
Somehow, several billion neurons act together 
so that we can learn, store memories and sense 
the world around us. And here too, elaborate 
experiments have begun to reveal intriguing 
evidence of criticality. 

In 2003, a team at Indiana University in 
Bloomington used a large array of micro-
electrodes to monitor neuron activity in thin 
slices of the brain cortex of rats. They found 
that avalanches of electrical activity are scale 
invariant. Other experiments show these 
avalanches travel repeatedly along particular 
chains of neurons over periods of hours.  
The researchers suspect that avalanches  
may help us to make and store memories. 

Computer simulations seem to confirm  
this picture. When Bialek and his colleagues 
created a simple computer model of how 
individual neurons work and how they  
are wired up, they found that long-range 
correlations between the firing of neurons 
emerged spontaneously. Since their behaviour 
is linked in this way, the state of each neuron  
is to some degree “encoded” in the rest of the 
network, says Bialek. He describes this as a 
mechanism for error correction and recovery 
of lost information – perhaps a safeguard 
against forgetting, he suggests. 

Could criticality even play a role in 
organising behaviour in the brain? Last year a 
team led by Dante Chialvo from the University 
of California, Los Angeles, used simulations to 
show that if large clusters of interconnected 
neurons operate close to a critical transition, 
they reproduce “resting state networks”. These 
patterns of collective activity, seen in brain 
scans, are associated with functions such as 
cognition and sensing. So criticality seems to 
help mould the tangle of neural connections 
into specialised brain modules.

What is so surprising, says Sethna, is that 
this kind of behaviour can arise not through 
specialised interactions between cells, but  
via a fundamental characteristic of any  
system with many interacting components. 
Intriguingly, he and his colleagues are seeing 
signs that this occurs not just between cells 
but also within them. 

Some biological membranes are patchworks 
in which different types of lipid molecules are 

“ At criticality, the flock 
remains coordinated but  
responsive to danger”

Just a phase: 
criticality can 
guide the action 
of fruit fly genes
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segregated like immiscible droplets of oil and 
water. Insoluble lipid “rafts” have a wide range 
of fluctuating sizes, rather like the domains of 
a near-critical magnet, leading Sethna’s team 
to argue that they are close to a critical phase 
transition at which the molecules become 
fully miscible. Could these fluctuations serve  
a purpose? 

Sethna believes so, pointing to an obscure 
phenomenon originating in the 1980s, when 
researchers predicted a “critical Casimir force” 
between surfaces immersed in a mix of two 
immiscible liquids. Analogous to the 
quantum Casimir force that pulls together  
two closely spaced metal plates in a vacuum,  
it arises close to the critical temperature  
at which the liquids cease to be immiscible 
and just mingle intimately. Near this critical 
temperature the liquids form rapidly 
fluctuating blobs of different sizes. By 
confining the mixture between two surfaces, 
the larger fluctuations are squeezed out,  
and this creates a pressure that pushes the 
surfaces together. Experiments show that  
the critical Casimir force can extend over tens 
of nanometres, and Sethna and others suggest 
it could play a key role in cell signalling by 
helping proteins to clump together. Protein 
clusters that form in the cell membrane are 
known to be part of “signalling cascades” which 
transmit information into the cell. When 
immune cells detect an allergen, for example, 
receptor proteins cluster in their membrane 
and trigger the release of histamines. In effect, 
Sethna says, proteins at the membrane surface 
may be communicating via size fluctuations 
in the lipid rafts that they sit in. 

This could explain the way some cells 
behave. For example, cells lacking cholesterol, 

a lipid, don’t work properly, perhaps because 
its absence shifts the membrane’s state away 
from the critical point, disrupting signalling. 
Ben Machta, a colleague of Bialek’s in the 
physics department at Princeton, suggests 
that criticality may also help explain the 
anaesthetic effects of a broad range of 
molecules, from noble gases to complex 
organics. His work suggests that rather than 
binding to specific receptors in membranes, 
these anaesthetics alter the lipid membrane’s 
critical point and thus the functioning of key 
proteins called ion channels.

Controlling proteins is one thing. Could 
criticality even guide the growth and 
development of whole organisms? Bialek and 
colleagues recently reported critical behaviour 
in a gene regulatory network – a set of genes 
with the ability to switch each other on or off. 

The network they studied has just two genes, 
and is involved in the spatial patterning of the 
fruit fly embryo. The team was able to measure 
how expression of the two genes varied along 
the embryo’s body. Bialek predicted that if  
the strength of the interaction between the 
two genes is close to a critical point, it would  
show up as four specific patterns in their 
expression. Sure enough, the measurements 
revealed these signatures, including 
correlations in expression in well-separated 
parts of the embryo, where either one or the 
other gene was switched off at any given point. 

Criticality may have evolved this role to 
maximise the signal-to-noise ratio in the flow 
of information between genes and proteins, 
says Bialek. This would allow even small 
concentrations of proteins to reliably regulate 
the behaviour of genes: the sensitivity of a 
critical state means even small control signals 
can have big effects. 

A physical law
Evolution might not just use critical phase 
transitions – it could actually be one. That  
is certainly Eigen’s view. He argues that in  
a system of self-replicating, information-
bearing entities – like genes – natural selection 
appears as an abrupt phase transition when 
the rates of replication and mutation reach 
certain threshold values. In other words, 
natural selection is not just something that 
simply “happens” in reproducing systems, but 
is a physical law, an inevitable consequence  
of the way information itself is organised.

Eigen’s theory also suggests an important 
role for neutral selection – in which mutations 
may persist even though they convey no 
adaptive benefit. He shows that such 
mutations are akin to fluctuations that occur 
near a critical point. These are essential, he 
suggests, because they stop natural selection 
getting stuck in minor valleys of the 
evolutionary landscape that are not optimal. 
This fits with a suggestion by evolutionary 
biologist John Tyler Bonner, at Princeton, that 
the random fluctuations of neutral evolution 
could account for the immense variety of 
forms found in organisms such as diatoms.

Most biologists have yet to embrace these 
ideas, preferring to focus on unpicking the 
details rather than searching for overarching 
principles. “There’s a big difference in 
culture,” says Sethna. “Biologists tend to be 
sceptical of anything involving a lot of math.”

Bialek is only too aware of the challenges 
ahead. To tackle them, he has helped establish 
an interdisciplinary centre called the Initiative 
for the Theoretical Sciences at the City 
University of New York, where he is director. 
Here physicists can exchange ideas with 
neuroscientists, ecologists and other biologists. 
Cavagna became a visiting professor at the 
centre last year, and is collaborating with 
Bialek and Mora to refine our understanding 
of flocking behaviour. This mix of cultures 
offers the best opportunity to show that,  
as Sethna puts it, cells, animals and entire 
ecosystems “do a lot of interesting physics”.  ■

Philip Ball is a freelance writer based in London
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Networked neurons 
help the brain recover 
lost information  

“ Evolution might not just use 
critical phase transitions – it 
could actually be one”
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Years of Living Dangerously 
premiered on Showtime, 13 April

Sand Wars is directed by Denis 
Delestrac, next showing on PBS 
America, 9 June

IN THE first episode of Years 
of Living Dangerously, a lavish  
nine-part US documentary series 
about the role humans play in 
climate change, actor Don 
Cheadle heads for drought-
stricken Texas. He is on a mission 
to find out why the Bible Belt 
rejects the idea that we are failing 
as stewards of the planet.

How could an argument 
so simple, so reasonable, so 
“Christian”, find no traction  
with them? Cheadle nails it:  
most people, he says, just want to  
avoid conflict. The bulk of the 
Texas faithful are trying to avoid 
blaming each other (and the rest 
of us) for their misfortunes:  
dead crops, shrinking herds, jobs 
gone and mortgages foreclosed. 
By instead attributing these 
hardships to divine power, they 
say that, if they must, they will 
open-handedly accept God’s 
judgement.

Perhaps the Texas evangelicals 
are wiser than they are given 
credit for. The trouble with 
blaming humans for climate 
change isn’t so much what  
you do about the climate,  
as what you do with your fellow 
men and women. 

Later episodes promise to 
explore solutions to climate 
change, but by the end of episode 
one it is already clear that many 
people around the world have 
been pushed into an all-too-
familiar local solution. Tom 
Friedman, a New York Times 
columnist, meets a young Syrian 

farmer languishing on the 
Turkish border. He is waiting 
for his wounds to heal. Is he 
going back to fight the 
government that failed to help 
his starving family? For sure, 
he says, “to finish what we  
were forced to start”.

Even mild-mannered Harrison 
Ford relishes the prospect of 
laying into Indonesia’s forestry 
minister for having failed to 
protect an important national 
park. The viewer is caught 
between the desire to catch Ford 
by the arm before he embarrasses 
himself, and an overwhelming 

urge to join him. If the rainforests 
being burned are the last on  
Earth, what do local sensitivities 
matter – isn’t fierce intervention 
our only reasonable response?

In government quarters, even 
that kind of response might be 
welcome, if only to punctuate 
the gathering quiet. Public policy 
researcher Frederick Mayer at 
Duke University in Durham, 
North Carolina, says that from 
January 2007 to October 2009, 
the proportion of people in the 
US agreeing that “there is solid 
evidence that Earth is warming” 
dropped from 77 per cent to 
57 per cent. 

Belief in anthropogenic climate 
change has recovered a little since 
then, but an individual’s political 
affiliation still remains the most 

important determinant of their 
views. Democrats believe Earth is 
warming; Republicans don’t. And 
all that despite Al Gore’s 2006 
film An Inconvenient Truth,  
which set out on its unashamedly 
didactic mission, hurling one 
truth after another at its viewers.  

On 26 March this year, the UK’s 
House of Commons Science and 
Technology Committee 
confronted its own public 
engagement problem. The UK 
government’s Climate Change 
Programme was put in place in 
2000 to help meet targets in 
cutting carbon emissions – and to 
ensure that the public played a 
leading role in the process. It has 

CULTURELAB

How late is late?
When it comes to climate change, getting the public on board stands, 
or falls, on the way we tell the story, finds Simon Ings

Drought death: local people may 
believe God caused the lack of rain
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“The bulk of the Texas 
faithful are trying to avoid 
blaming people for their 
misfortunes”
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been losing ground ever since. 
How could such an ambitious 
programme shrink to a mere  
call to inaction?

The problem, says a report  
from the select committee, is how 
we tell the climate change story. 
Media reporting thrives on the 
new or controversial, it says, 
adding that evidence had been 
given suggesting that “it was 
difficult to justify news time 
maintaining coverage of climate 
science where basic facts are 
established and the central 
story remains the same”. The 
bottom line is that reporting 
on climate “rarely spends any 
time reflecting on the large areas 
of scientific agreement and easily 
becomes, instead, a political 
discussion on disputes over 
minutiae”. 

Celebrity reports
Years of Living Dangerously goes 
further. Its premise is that a 
scientist will never command  
the attention an actor or celebrity 
can. So the series interweaves  
the investigations of celebrity 
“correspondents”, and because 
they are mainly household 
names, this hokey-sounding  
idea proves effective.

Like any other show, the 
documentary stands or falls by 
its script. This one, while sober 
enough, simple and accurate, 
suggests its writers were 
inspired by popular political 
drama, as it evolved through real-
time TV thrillers and films such 
as 24 and Syriana.

This provenance shows up less 
in the dialogue than in the 
tracking shots, the dynamic yet 
unobtrusive use of steadicam, the 
stirring score by Richard Marvin 
and the pulse-quickening editing.  

Arnold Schwarzenegger, the 
show’s “chief correspondent” and 
one of its executive producers,  
has said: “I always felt there was a 
communication gap in bringing 
ordinary people in and making 
them part of the movement.” 
For him, the environmental 

For more books and arts coverage, visit newscientist.com/culturelab

movement can only be successful 
if “it’s simple and clear and makes 
it a human story”.

It is a point frequently  
echoed by another of the show’s 
executive producers, the film 
director James Cameron. This 
series is arguably the best project 
Cameron has been involved in for 
years. It isn’t what you might 
expect from him or from 
Schwarzenegger. The horrifying, 
beautiful and simply told 
detective stories capture the 
complexity and 
interconnectedness of the 
challenges facing us, from water 
wars abroad to the closure of 
meat-packing factories at home. 
Years of Living Dangerously gives 
climate change immediate 
human relevance.

Then again, if public 
engagement is what you are  
after, why discuss climate change 
at all? Why not simply talk about 
resource depletion? It is visible, 
ungainsayable. Above all, it is 
motivating: we are all hardwired 
to respond if we see we are 
running out of something. And 
one unexpected thing we are 
running out of is sand.

In Sand Wars, a superb French-
made documentary directed by 
Denis Delestrac, a geologist 

explains that you can’t make 
cement out of desert sand because 
the grains won’t stick together. 
You make cement with marine 
sand, and that is a finite resource. 
We are building so many dams 
that our rivers barely reach the 
sea, and so the sand we consume 
in construction is no longer being 
replenished. 

In fact, sand is now in such 
short supply that it is being 
smuggled around the world. 
The island of Singapore spreads, 

metre by metre, on foundations 
of smuggled sand. Moroccan 
hotels are rising in front of 
beaches annihilated to make 
them. In the Malay archipelago, 
whole islands are being dredged 
away to build apartments that are 
then kept empty for investment.

Sand Wars is being aired by PBS 
America, the British version of US 
network PBS. It doesn’t feel 
especially European, and there is 
no unbridgeable cultural divide 
between it and the Hollywood 
behemoth that is Years of Living 
Dangerously. The two 
documentaries are, however, built 
to different plans, with different 
audiences in mind. 

Sand Wars picks a manageable 
target and assails it with every 
shot and every line. Years of Living 
Dangerously, by contrast, is a 
televisual “novel”, like The Wire 
and Breaking Bad. Steadily and 
patiently, it seduces its viewers 
over several hours into an 
emotional engagement with its 
material. Its form, length and 
budget match its ambition: 
nothing less than establishing 
a new social consensus on 
climate change. 

It remains to be seen what we 
will do with this consensus if we 
get it. Knowledge is power, right 
up to the bit where those in power 
beat you, and charge you with 
disturbing the peace. In Sand 
Wars, a man tells a class of ragged 
children how to save their island 
economy. Warn your parents, he 
says. Tell your teachers, write to 
the dredging companies. 

The sense of futility is gut-
wrenching. Calls to action of this 
sort assume the existence of civil 
structures: the rule of law, organs 
for public discourse and debate, 
and the means of civil redress. 
History teaches us that these 
institutions are the first to 
disappear when vital resources 
become contested.

While the bread is still on the 
table and the roof is still attached 
to the house, it is easy to regard 
“not in my back yard” opposition, 
quietism and evangelism as bad 
ideas – weak-minded, perverse, 
even dishonest. 

Cheadle’s Bible Belt odyssey 
in Years of Living Dangerously 
bypassed the apocalyptic brand 
of evangelism that assumes, if 
the world is burning, that the fire 
must be holy, and therefore 
wholly welcome. As a 
consequence, we have not – yet – 
been forced to acknowledge that, 
as the fish begin to dissolve in the 
seas and the sky fills with ash 
from the last forests burning, 
millennial beliefs will be our best 
and perhaps only comfort, and 
Texas humanity’s best hope.  ■

Simon Ings is editor of Arc 

Marine sand is in such short supply 
that it is being smuggled worldwide

“ We have not been forced  
to acknowledge that 
millennial beliefs will end 
up as our only comfort”
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Synthetic Aesthetics: Investigating 
synthetic biology’s designs on nature 
by Alexandra Daisy Ginsberg, Jane 
Calvert, Pablo Schyfter, Alistair Elfick 
and Drew Endy, The MIT Press, 
$34.95/£24.95

SYNTHETIC 
biology is not 
like other 
sciences. 
At its first big 
conference, held 
just 10 years ago 

at the Massachusetts Institute of 
Technology, the startling initial 
premise was that life is simply too 
complicated for biotechnologists 
to easily modify and that it would 
be better if engineers rebuilt 
life from scratch so the created 
organisms did exactly what 
was required. 

The youthful enthusiasm 
that powered the field, and 
brought together engineers, 
biologists, computer scientists, 
physicists and biohackers, 
persists today. There have been 
a few major achievements, most 
notably last month’s creation 
of a computer-designed yeast 
chromosome. And before that, the 
creation of the first synthetic cell. 

Alongside this big science, 
researchers have built libraries of 
standard DNA code that controls 
different things inside cells. The 
dream is that one day it will be 
easy to design novel organisms 
using DNA as the programming 
language. Synthetic biology’s 
headline-grabbing achievement 
is its annual International 
Genetically Engineered Machine 
(iGEM) competition, which 
attracts hundreds of student 

teams to reprogram organisms. 
Last year’s winners re-engineered 
the bacterium E. coli to recycle 
gold from electronic waste. At 
iGEM, the defensive attitude of 
biotech is replaced with one of 
turn up, take part, and talk. 

These cultural roots may 
explain why some of its leading 
scientists took the unusual step 
of teaming up with artists and 
designers to create some fresh 
thinking. The result is the glossy 
Synthetic Aesthetics: Investigating 
synthetic biology’s designs on 
nature. It is a freewheeling book 
with 20 authors and may irritate 
conventional scientists – some of 
the ideas were dreamed up while 
“performing a dance based on the 
myth of the Golem”, for example. 
But it certainly explains the key 
ideas of the field and leads you to 
many lateral conversations about 
what it may become. 

In the first few chapters, one 
central concern is what is meant 
by “design”. An engineer might 

think of designing a bridge to 
a particular specification; a 
synthetic biologist of designing 
a microorganism with a new 
commercial application, 
pumping out green gasoline 
for example; but a real designer, 
a fashion designer, for example, 
is doing something else. 

As artist Daisy Ginsberg puts 
it, design “is about possibility”, 
the unimagined things that life 

could be. Synthetic biology, she 
writes, has been addressing 
“humanity’s needs” – limitless 
fuel, for example – rather than 
“our needs as individual, diverse 
and complex humans”. This is 
refreshing: worries about the 
separation between the top-down 
design of the future and those 
who must live with the designs 

are quite rare in science. 
The book changes tone later as 

artists, designers and scientists 
pair up and spend four weeks 
working together. The results are 
surprising and one is quite 
amazing – when a plant biologist 
from the University of Cambridge, 
Fernan Federici, pairs up with 
David Benjamin, an architect 
working at Columbia University. 

The focus was on form, not on 
learning from form in nature but 
from the “logic of nature”; 
Benjamin sees buildings that 
merely imitate a shell or leaf as 
superficial. In the lab, they 
studied plant xylem vessels – 
xylem cells make the tubes that 
transport water from the roots 
to the top of a tree. They wrote a 
program that describes the way 
the rigid skeleton emerges to 
strengthen the cell. Then they 
used the same “plant logic” in 
sophisticated architectural design 
software to model a supporting 
structure for a building. 

Although we can’t expect to 
see buildings designed by plants 
anytime soon – a pity given the 
average urban landscape – the key 
point is that the interaction led 
the collaborators to learn how 
biology computes “answers” to 
certain problems. This is a long 
way from the quest for endless 
gasoline and from seeing life 
as programmable parts, and 
shows how much the science 
of synthetic biology is willing 
to evolve. As the closing 
paragraph puts it, “we hope to 
help prevent synthetic biology 
simply following unimaginative 
and entrenched paths”. 

We can all learn from that.  ■

Alun Anderson is a consultant for 
New Scientist

CULTURELAB

The logic of nature
What happens if you combine art and synthetic biology, asks Alun Anderson

Grand designs: xylem cells could 
help us make stronger buildings

“ Synthetic biology has been  
addressing humanity’s 
needs, but not the needs 
of individuals” 
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THE STRUGGLE to teach science wins 
a few rounds, sometimes it loses for  
a while – and sometimes it’s hard to 
tell the difference, at least in South 
Carolina. As we went to press the 
state’s new draft science-teaching 
standards provided for evolution, but 
approval of that section was being 
delayed by those who want to omit 
the crucial matter of natural selection.

Now the state Senate has declared 
the Columbian mammoth the official 
state fossil – an idea, proposed by 
8-year-old Olivia McConnell, that adds 
to the designation of the spotted 
salamander as the state amphibian.

Palaeontologists may, however, 
have a few bones to pick with the 
legislators’ definition: “The Columbian 
Mammoth… is designated as the 
official State Fossil of South Carolina 
and must be officially referred to as 
the ‘Columbian Mammoth’, which  
was created on the Sixth Day with  
the other beasts of the field.”

The above wording was passed on  
2 April, not 1 April. The state House of 
Representatives rejected it – so it, too, 
remains in a sort of superposition of 
policy and not-policy.

REGULARLY, we announce that we 
are no longer taking submissions 
of instances of nominative 
determinism – the name given  
by Feedback reader C. R. Cavonius 
to the phenomenon of people’s 
names appearing to influence 
their occupation or publishing 
history (17 December 1994). 
Continuously, readers submit 
examples. Occasionally, we relent.

Matt Kitching reminds us of 
The Flint Report, on the mineral, 
by D. J. Flint, R. B. Flint and M. W. 
Flintoft – 15 years after its first 
mention here (31 October 1998).

Both William Bains and Liegh 
White report that the UK National 
Trust’s adviser on flood risk is  
Phil Dyke. And Andy Ball wonders 
whether the view expressed in  
UK newspaper The Guardian that 
the country cannot defend coasts 
against flooding “at all costs”  
is undermined by being voiced  
by Rob Duck.

Feedback, meanwhile, recently 
received an internal email about 
employee benefits, for which we 
thank Sally Perks.

NOMINATIVES that we hope are not 
determinist include the personnel 
director Alan Savage and his deputy 
Mike Butcher, in whose fiefdom Roger 
Mathews used to work. And Ian 
Moseley reports his invitation to take 
part in a diabetes research study, led 
by Professor Hitman and managed by 
Dr Hood. We’re not sure, though, what 
to call this phenomenon.

DELVING into our piling system 
we discover a note about ways  
in which our discussions of 
nominative determinism have 
entered the Other Culture, as the 
writer C. P. Snow didn’t put it in 
his notorious 1959 lecture The 
Two Cultures. We find Guardian 
columnist Hadley Freeman citing 
Feedback in considering how 
appropriate it is that a banker  
be called Diamond.  And we find  
a mention in the sport pages of 
the same paper, though what the 
name “Phil Jones” determines 
puzzles Feedback as much as does 
any other sport writing.

NOMINATIVE determinism of course 
has its own web page at en.wikipedia.
org/wiki/Nominative_Determinism. 
Sadly, the entry for the concept 
“WikiFact” was deleted after someone 
credited that sceptical coinage to  
this column. And that is a WikiFact,  
if purely by its absence.

DISCUSSING the above items  
with colleagues, we observed that 
“the weight on the nominative 
determinism pressure cooker is 
rattling again.” Then we wondered 
which readers had experienced 
the literal phenomenon used in 
that image.

In three years living in the US, 
Feedback never encountered an 
actual pressure cooker with a 
weight on top that regulates the 
steam pressure under which red 
beans, for example, can be cooked 
in 20 minutes – rather than all 
afternoon in an open pan. We 
asked another colleague, who 
never saw one while living in the 
US to young adulthood.

But people in the US know what 
is meant by “putting someone in  

a pressure cooker”. Does that 
make it an example of a metaphor 
without foundation?

ANOTHER example of a metaphor 
without foundation comes from Frank 
Cross, helpfully pointing out that we 
were “hoist by our own petard” when 
our website momentarily claimed that 
a part of the Indian Ocean was 4500 
kilometres deep. Feedback knows 
what a pétard is, but only because we 
once spent an idle morning hunting  
it down. As a result, as far as current 
usage goes we share secret 
knowledge with French-speaking 
railway workers who place small 
explosive charges on the rails as 
warnings behind broken-down trains: 
those would be pétards.

NOW the idea of a metaphor 
without foundation just needs a 
name. Translating the description 
into Greek seems to add gravitas: 
“athelemic metaphors”, we think. 
More, please.

FINALLY, sports reporting may be  
a rich source of such athelemic 
metaphors. Alan Wells reports what is, 
on closer examination, merely a 

strange appliance of science. When 
Manchester City played Hull City last 
September, a commentator noted that 
footballer Sergio Aguero “seems to go 
through people by osmosis!”

For more feedback, visit newscientist.com/feedbackFEEDBACK

You can send stories to Feedback by 
email at feedback@newscientist.com. 
Please include your home address.  
This week’s and past Feedbacks can  
be seen on our website.

Robert Scopes sends us a local newspaper 
advertisement for a plumber who promises to 
use “High Pressure Vacuums” to clear blockages, 
and wonders: which way will the blockage go?

PA
U

L 
M

CD
EV

IT
T

mailto:feedback@newscientist.com
http://newscientist.com/feedback
http://en.wikipedia.org/wiki/Nominative_Determinism
http://en.wikipedia.org/wiki/Nominative_Determinism


Last words past and present at newscientist.com/lastwordTHE LAST WORD

It’s not the knot
Why do shoelaces with a circular cross 
section come undone more easily than 
those with a flatter cross section?
(Continued)

■  An earlier correspondent stated 
that, with flatter shoelaces, “there 
is much more friction because 
there is a much greater contact 
area”. But the force to overcome 
static friction is the product of the 
coefficient of friction for the two 
surfaces in contact and the force 
pressing them together. This is 
independent of contact area.

I know from my climbing days 
that different knots and hitches 
are more or less resistant to 
slippage: if one increases the 
number of turns on a hitch it 
holds better. So if it isn’t due to an 
increase in contact area, why do 
some knots hold better ? The 
answer must be that they tighten 
when under a load, increasing the 
force pressing them together. 
Terence Hollingworth
Blagnac, France 

Silent fleet
One argument for continuing the UK’s 
nuclear submarine fleet is that they 
are undetectable. Is that still true? 
And is it likely to be correct when 
replacement vessels are ready?
 
■  This is a controversial and 
often misunderstood issue. While 
nuclear-powered submarines 
have advantages in speed, range 
and submersion time, they are far 

from undetectable. Surprisingly, 
modern diesel submarines are 
often far quieter than their 
nuclear-powered counterparts. 

The problem lies in the power 
plant itself. A nuclear reactor 
cannot be turned off and on like 
a diesel engine can. Although a 
nuclear submarine can rapidly 
stop its propeller, it wouldn’t shut 
down the reactor because of its 
long start-up and shut-down times. 

When it is running, the reactor 
emits an acoustic and thermal 
signature which can be picked up 

by modern detection equipment. 
In contrast, diesel subs can shut 
down their entire propulsion 
system, lying almost completely 
silent on the bottom of the ocean.

Oxygen-free propulsion and 
battery technology in diesel 
submarines have improved vastly 
since the inception of the nuclear 
submarine, increasingly closing 
the gap between nuclear boats 
and their cheaper conventional 
counterparts. Next-generation 
submarines promise to be even 
quieter, using hydrogen-cell 
propulsion and nanotechnology 
acoustic barriers. These vessels 
would be virtually undetectable 
using current anti-submarine 
military technology.

However, no vessel can truly 
ever be “undetectable”. As 
submarine technology advances, 
so too will the techniques and 

technology used to find them.
Benjamin English
First lieutenant, US Marine Corps
Pensacola, Florida, US 

■  Germany’s U-480 submarine 
in the second world war was 
arguably the first stealth 
submarine. It was difficult to 
detect using sonar because it was 
coated in rubber that contained 
air pockets. The cat-and-mouse 
game has continued unabated 
ever since.

Submarines usually lurk on 
continental shelves, where they 
are difficult to detect against the 
clutter of sonar echoes off the 
surrounding underwater 
topography. Skilled submariners 
also position their boat amid 
water layers called thermoclines, 
where temperature changes 
abruptly, refracting sonar away.

Propellers are deliberately not 
spun so quickly that cavitation 
bubbles are created because when 
these bubbles collapse they create 
a tell-tale acoustic signature. And, 
during “silent running”, the crew 
will make minimal noise.

Meanwhile, modern techniques 
reduce acoustic signatures. Apart 
from quiet propulsion systems 
and running on electricity by 
direct current, deck structures 
are isolated from hulls with 
vibration-absorbing mountings 
and hulls have coatings that 
eliminate echo. 

The joint Italian and German 
Type 212A class submarines 
promise to be quieter still. 
Powered by hydrogen fuel cells, 
they will radiate virtually no heat. 

They also use a non-magnetic 
construction, and it is claimed 
they will be nearly impossible to 
detect. Nano-coatings on the hull, 
designed to reduce fouling caused 
by organisms – and the associated 
turbulence these cause – might 
also guide sonar smoothly around 
the outside of the hull, making 
science-fiction’s cloaking device 
a possibility. 
Mike Follows
Sutton Coldfield, West Midlands, UK

This week’s 
questions

FOAM HOME
In winter I visited Tywyn in west 
Wales. Both the beach and the 
promenade were covered in a 
mass of foam blowing in from the 
sea. The sea was rough with waves 
driven by a strong wind and the 
foam covered the surface. The 
next day conditions were similar 
but there was no foam. What 
caused it and what changed 
overnight so that it disappeared?
Jim Logan
Gatehouse of Fleet
Dumfries and Galloway, UK

HOLOCENE PARK
Dinosaurs died out some 
65 million years ago and mammals 
exploited the vacant niche. If they 
had not died out, which branch of 
dinosaur might have evolved to 
become the dominant, most 
intelligent creature?
Jack Harrison
Tobermory, Isle of Mull, UK

The writers of answers published in the 
magazine will receive a cheque for £25  
(or US$ equivalent). Answers should be 
concise. We reserve the right to edit items 
for clarity and style. Include a daytime 
telephone number and email address if you 
have one. We are pleased to acknowledge 
financial support from Statoil in producing 
The Last Word. New Scientist retains  
total editorial control over the content.

Reed Business Information Ltd 
reserves all rights to reuse question  

and answer material that has been  
submitted by readers in any medium  
or in any format.

Send questions and answers to  
The Last Word, New Scientist, Lacon House, 
84 Theobald’s Road, London WC1X 8NS, 
UK, by email to lastword@newscientist.
com or visit www.newscientist.com/topic/
lastword (please include a postal address 
in order to receive payment for answers). 
Unanswered questions can also be found 
at this URL. 

Win £100 by answering our monthly question about energy issues. 

How can toddlers expend seemingly boundless energy when 
they eat so little?

Answers should reach us by 2359 GMT on 5 May 2014 to answers@
newscientist.com or visit www.newscientist.com/topic/energy. 
Terms and conditions are also at this URL. 

THE LAST WORD ON ENERGY
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“While nuclear-powered 
submarines have many 
advantages, they are far 
from undetectable”
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