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LEADERS

HER job is to persuade the world 
to stop climate change. And 
Christiana Figueres, the UN’s  
lead climate negotiator, certainly 
talks the talk (see page 30).

But then, given her job 
description you’d hardly expect 
her to declare the process 
doomed. Should we be seduced 
by her optimism?

The world has certainly moved 
on since the let-down at the 2009 
Copenhagen climate talks. By 
2016, renewables are expected to 
supply more electricity than every 
other source bar coal. Even big 
businesses are starting to turn 
various shades of green. And 
we’ve learned how to get richer 
without emitting more: last year, 
for the first time, the growth rate 
of global CO2

 emissions slowed 
while GDP rose. US emissions are 

FORMULA 1 motor racing is hardly 
a hotbed of green activism. But if 
anyone knows a thing or two 
about squeezing the maximum 
amount of kinetic energy out of 
a litre of fuel, it is a Formula 1 
engineer. Now the sport’s 

Green-tinted glasses

“There are signs of a 
growing political appetite 
for change – a commodity 
sorely lacking in the past”

Water peace, not war

Cool formula for 
fuel efficiency

Do we dare hope for a global climate treaty next year?

now roughly where there were in 
the mid-1990s while its GDP is 
back on the up and up.

There are also signs of growing 
political appetite for change –  
a commodity sorely lacking in 
Copenhagen. The European Union 
has committed to large emissions 
cuts. China still runs on coal, but 

has a pressing reason for wanting 
out: smog is now too big a health 
problem to ignore. And last year 
the US and China launched a 
climate-change working group 
with joint plans that include 
carbon capture and storage,  
smart grids and energy efficiency.

Does this all point towards a 
planet-saving agreement next 
year? Not yet. At the latest round 
of talks in Bonn, Germany, this 
week, tensions between old rivals 
were still apparent. Led by China, 
the G77 coalition of developing 
nations insisted that rich 
countries had to give more –  
more cuts, and lots more money.

And so caution is in order, but 
Figueres’s optimism does seem to 
be catching. Delegates in Bonn 
point to China’s positive mood 
and Europe’s raised ambitions as 
signs of a significant shift.

We may yet be in for another 
Copenhagen-style fiasco. But if 
diplomacy and infectious 
enthusiasm count for anything, 
Figueres looks a good bet to make 
the breakthrough the world so 
urgently needs.  ■

governing body has decided to 
put this expertise to good use.  
As of this weekend, Formula 1 cars 
will be limited to Ford Focus-sized 
engines, concentrating brilliant 
minds on fuel efficiency issues 
likely to be relevant to the real 
world of family cars (see page 21). 

The motives are not entirely 
altruistic: mainstream engine-
makers have drifted away from 

Formula 1, claiming that its 
challenges are “irrelevant” to their 
core business. Formula 1 needs 
them back. 

But that is no reason to sneer. 
To meet the grand challenges of 
the 21st century, environmental 
concerns need to break out of 
their ghetto. If Formula 1 gets 
petrolheads fired up about fuel 
efficiency, so much the better.  ■

CROSS-BORDER water disputes 
usually conjure up images of 
parched Middle Eastern states 
such as Jordan and Israel. But one 
of the longest running has been 
between the US and Mexico over 
the Colorado river, which travels 
its final 100 kilometres or so in 
Mexico before emptying into 
the Gulf of California. 

Or at least it used to: the river 
last reached the sea on a regular 

basis in the early 1960s, before the 
Glen Canyon dam was built more 
than 1000 kilometres upstream.

That dispute is now largely 
settled following a historic deal. 
Mexico and the US have agreed to 
share both water and drought – 
an increasingly frequent visitor 
to the region. One of the most 
gratifying aspects of the deal is 
that it includes ecological 
restoration (see page 8).

The agreement is already 
being touted as a model for water 
agreements elsewhere. Bulgarian, 
Chilean, Czech and Kazakh water 
managers have all visited the 
region to learn about its successes. 

Sixty per cent of the world’s 
fresh water spans international 
boundaries, and while dire 
warnings of escalating “water 
wars” have yet to come to pass, 
managing this vital resource is 
crucial to future peace and 
prosperity. The US and Mexico 
have shown the way forward.  ■
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IT’S A BONANZA. Rocks under 
England contain as much oil and 
gas per cubic metre as rocks under 
the North Sea once did, according 
to new surveys. The finding will 
give impetus to companies that 

want to extract gas by hydraulic 
fracturing, or “fracking”.

“The onshore shales are rich 
enough in organic material  
and have the right petrology  
for hydraulic fracturing,” says 
Alastair Fraser of Imperial College 
London, who has studied 200 
samples of shale rock from  
across England. 

Last year, the British Geological 
Survey looked for shale gas in 
northern England and found one 
area with enough to supply the 
UK’s needs for 40 years.

Fraser has now found organic-
rich shales further south. The 
richest was the Kimmeridge Clay, 
which runs diagonally from the 

THERE is a clean-up going on 
down under. Australia plans to 
track shards of space junk and 
blast them with lasers to prevent 
the kind of space crash depicted  
in the movie Gravity.

Earth is surrounded by a diffuse 
cloud of space debris, ranging 
from lost screws to parts of old 
rockets. Even a tiny shard could 
damage satellites or pose a danger 
to astronauts on the International 
Space Station. And when two 
pieces of junk collide at high 
speeds, they break up into smaller 
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Gas glut in the UK Space junk lasers

UPFRONT

“The onshore shales are  
rich enough and have the 
right petrology for 
hydraulic fracturing”

–It’s space for me and home for him–

–No sign of X–

south-west to midway up the  
east coast. The Clay has an organic 
content of up to 20 per cent. 
Fraser also found oil and gas-rich 
Oxford Clay in Dorset in the 
south-west, and under the Weald 
in the south-east. He presented 
his results on 4 March at the Shale 
UK conference in London.

Energy company Cuadrilla 
Resources was besieged by 
protesters last year after it 
attempted exploratory drilling  
in  Balcombe, Sussex. It now plans 
to apply for permission to sink 
two new vertical wells, plus four 
horizontal wells from each.

pieces, which are tougher to track.
With a small population spread 

across a wide area, Australia relies 
heavily on satellites to deliver 
services. So later this year, a new 
centre, funded by A$20 million 
from the Australian government, 
will begin to track tiny pieces of 
debris and try to predict their 
future trajectories. The centre will 
operate from the Mount Stromolo 
Observatory in Canberra. 

The ultimate aim is to knock 
shards of space debris out of their 
orbits using lasers based on Earth. 
The shards will then sink and burn 
up in Earth’s atmosphere.

TWIN astronauts are ready to  
shed blood in the name of space 
exploration.

Next year, scientists from across 
the US will collect blood samples 
and run a battery of physical and 
mental tests on identical twins 
Mark and Scott Kelly. Mark, a 
retired astronaut, will remain on 
Earth while Scott spends a year on 
the International Space Station. 
With the twins’ help, NASA will 
explore the health effects of space 

First twin space log
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Missing plane mystery
THE search continues. As we went to 
press, there was still no sign of the 
Malaysia Airlines Boeing 777 that 
disappeared on a midnight flight out 
of Kuala Lumpur on 8 March. But New 
Scientist has learned that at least two 
packages of data about the health of 
the plane’s key systems were received 
by the airline before it went missing. 
These could help investigators work 
out what happened. 

It is understood that Rolls Royce, 
which made and monitors the 
aircraft’s engines, received engine 
data for the plane’s take-off and its 
climb. The information came from the 
Aircraft Communications Addressing 
and Reporting System, which files 
four reports during each flight: at take 
off, climb, cruise and landing. Aviation 
rules bar the release of information 

about what the data contained, 
pending an investigation. But the 
fact it has been received at all means 
that Malaysia Airlines should have 
some information on flight MH370’s 
systems before it disappeared with 
239 people on board.

Meanwhile, search teams  
are listening out for the plane’s 
Emergency Locator Transmitter, 
which separates from aircraft 
wreckage and floats in saltwater.  
And the plane’s cockpit voice and 
flight data recorders, the “black 
boxes”, each include an ultrasonic 
acoustic transmitter that, for up to 
30 days after submersion, can be 
detected by sonar receivers, allowing 
ships or submarines to home in on 
the source. China has also redeployed 
10 satellites to help with the search.
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GET them started early. A second 
baby has been cleared of HIV, 
almost a year after a similar 
success in Mississippi. The baby 
remains on anti-HIV drugs, but 
blood tests no longer detect virus 
particles capable of replicating. 

When newborn babies are 
suspected to be infected with  
HIV from their mother, standard 
practice is not to treat them until 
they are weeks old, when the 
infection can be confirmed. In this 
case Audra Deveikis of the Miller 
Children’s Hospital in Long Beach, 
California, started the baby on 

antiretrovirals four hours after 
birth. Later tests showed that  
the infant – now 9 months old – 
had indeed been infected, the 
Conference on Retroviruses and 
Opportunistic Infections in 
Boston heard last week.

It is not the first time early 
treatment has paid off. The 
Mississippi baby was given drugs 
30 hours after birth, and has now 
been off medication for 10 months. 
Fourteen adults treated in France 
between 35 days and 10 weeks 
after infection – much earlier than 
usual – have stopped medication 
for an average of seven years and 
remain virus-free.

Act fast against HIV
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New ozone menace 
IT WAS one environment problem 
we thought we had solved. But the 
ozone layer is under threat again. 

Four banned ozone-destroying 
chlorofluorocarbons (CFCs) have 
been detected in the atmosphere. 
And levels are rising fast, says 
Johannes Laube of the University 
of East Anglia, UK, whose team 
made the discovery.

CFCs have been almost 
completely phased out under the 
1987 Montreal Protocol. But Laube 
says a loophole allows one of the 
newly detected substances – CFC-
113a – to be used to make certain 
products such as insecticides. 

Total emissions of CFC-113a are 
still relatively small, but they are 
climbing fast, more than doubling 
between 2010 and mid-2012. The 
gas is used in the production of 
hydrofluorocarbons and some 
insecticides. It is unclear who is 
releasing it, and where.

The ozone secretariat at the  
UN Environment Programme in 
Nairobi, Kenya, received reports 
from governments that CFC-113a 
was being used to manufacture 
pesticides in 2003.

“We simply don’t know if the 
emissions we have found in the 
atmosphere come from exempted 
emissions or if they are from 
illegal manufacture somewhere,” 
said Laube.  

flight without genetic variations 
getting in the way.

On 7 March, NASA announced 
10 experiments for the twins. For 
instance, Susan Bailey at Colorado 
State University in Fort Collins 
will look at the length of the twins’ 
telomeres. These caps of DNA on 
the end of chromosomes shorten 
as we age and have never been 
studied in space before. 

Mathias Basner at the 
University of Pennsylvania in 
Philadelphia will assess cognitive 
abilities. The work should prove 
useful for NASA’s long-term plans 
for deep-space missions to an 
asteroid or Mars.

60 SECONDS

Comet comeback
After months in hiding, a comet 
pursued by Europe’s Rosetta 
spacecraft is back. Last seen from 
Earth in October, comet Churyumov-
Gerasimenko has emerged from 
behind the sun. Images show it is 
brightening as surface ice vaporises 
into gas in the solar heat. Rosetta is 
due to land on the comet in November.

Stem cell let-down
Several scientists have called for the 
retraction of a revolutionary paper 
claiming a simple acid bath could 
turn adult cells back into an 
embryonic state. The paper has been 
criticised for apparently duplicating 
images from previous work by lead 
author Haruko Obokata. A co-author 
said he has “lost faith in the paper”.

Planet non-Xistent?
Turns out X doesn’t mark the spot. 
NASA’s WISE space telescope has 
found no evidence for “Planet X”,  
a hypothetical body supposed to 
inhabit the outer reaches of the  
solar system. WISE searched 10,000 
times further than the distance from 
Earth to the sun and found nothing 
larger than Saturn. On the plus side, 
searches far beyond our solar 
system uncovered 3525 new stars 
and brown dwarfs.

Diabetes, sorted
Type 1 diabetes has been reversed  
in mice using stem cells. Skin cells 
from mice were turned into early 
pancreatic-like cells, then 
transplanted into diabetic mice 
unable to produce insulin. The cells 
matured and secreted the hormone, 
bringing glucose levels back to 
normal(Cell Stem Cell, doi.org/rt6).

Whale of a sonar
Ping! The first ancestors of toothed 
whales and dolphins came equipped 
with sonar. The fossil skull of a 
toothed whale from 28 million years 
ago has a dense upper jaw and other 
features suggesting it could 
echolocate (Nature, DOI: 10.1038/
nature13086).

Carnival could help spread painful virus 
IT’S not something you would want  
to bring home. Causing fever and 
debilitating pain, chikungunya virus 
has spread around the Caribbean, 
invaded South America – and could 
travel still further in the tourists who 
have flocked to the region for Carnival 
and winter breaks. 

Since the virus first appeared in the 
Americas last December, cases have 
soared past 8000 on five Caribbean 
islands and French Guiana. And it 
could be lurking unrecognised in 
other places, too. “You can’t tell 
chikungunya from dengue clinically,” 
says Robert Tesh of the University of 
Texas Medical Branch in Galveston, 
and dengue is common in the region. 

More than 90 per cent of known 
chikungunya cases have been in 

territories held by France, which had 
extensive experience with the virus 
after outbreaks hit French islands in 
the Indian Ocean in 2005. “It is highly 
probable that the disease has been 
under-diagnosed on other islands,” 
says Xavier de Lamballerie of 
Aix-Marseille University in France. 

Rainfall and temperatures are 
relatively low across the region at 
present, reducing the number of 
mosquitoes that carry the virus.  
But “the situation will be very, very 
different in a few months”, says de 
Lamballerie. Virologists predict an 
explosion of cases when the rains 
return – and some could be in tourists 
returning to North America and 
Europe, where some places will have 
mosquitoes that can carry the virus. 

–Fun, games and chikungunya–
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FROM above it looks like a 
meandering yellow scar. On either 
side lie lush green polygons – the 
irrigated fields of the Mexicali 
valley just south of the US border, 
where tomatoes, cucumbers and 
onions grow in what should be a 
desert. The dusty smear running 
in between used to be the Colorado 
river. It’s been decades since it has 
reached the sea.

On 23 March, it will begin 
its journey back from the dead. 
In an ecological experiment 
unprecedented in US history, 
seven states and two countries 
have signed an agreement to 
unleash a huge pulse of water 
designed to bring the river’s 
dwindling delta back to life. 

“We’re trying to engineer a 
spring flood,” says Karl Flessa,  
a geoscientist at the University  
of Arizona who is leading the 
team that will study how the  
delta responds. “This is a river 
system that historically had a 
huge spring flood every year. 
We’re trying to recreate that.”

Before development of the 
American south-west led to the 
widespread damming of the 
Colorado from the early 1900s 
onwards, the floods that fed the 
river’s delta kept it teeming with 

life. When explorer Aldo Leopold 
canoed the delta in 1922, he 
marvelled at “a verdant wall 
of mesquite and willow” that 
separated the river from the 
desert. Jaguars prowled outside 
the few human camps that existed. 

To try to bring back this lost 
ecosystem, Flessa and his team 
are planning to release a one-time, 
130-billion-litre pulse of water. 

NEWS FOCUS / GREENING THE DESERT

Colorado river back from the dead
An unprecedented experiment will see the tamed river reach the sea again, finds Hal Hodson

The water that will make up the 
pulse is currently being slowly 
released from behind the Hoover, 
Davis and Parker dams. It will 
collect behind the most southerly 
dam on the river, the Morelos, 
which sits on the Mexico-US 
border and normally diverts 
the last of the Colorado toward 
agricultural land.

When the gates of the Morelos 
open on 23 March, the river will  
be reunited with its delta. The 
eight-week-long pulse will  
release enough water into the  
dry riverbed to fill an area the size 
of a Manhattan city block with 
a column six kilometres high. 

After that, the agreement 
stipulates that a small continuous 
flow, totalling an additional 
64 billion litres, will infuse the 
delta over the next three years. It’s 
a trickle compared with what used 
to reach the delta, but researchers 
still expect the water to bring  
around 950 hectares of the delta 
to life in the weeks after the pulse.

“ The Colorado river system 
historically had a spring 
flood every year. We’re 
trying to recreate that”

DRYING DELTAS
The Colorado isn’t the only great river 
that has been kept from the sea. 

The Indus river delta in Pakistan 
was drying out when it was rescued 
by a natural disaster in 2010. 
Flooding from monsoon rains killed 
thousands of people along the river 
basin. But when the water reached 
the delta, it had a more positive 
effect. Ecosystems that people 
living in the delta depend on were 
replenished by the massive influx of 
fresh water – a dwindling commodity 
since Pakistan, India and China began 
to dam the river in the 1940s. 

There were other benefits, too. 
The Indus delta is home to the world’s 
largest arid mangrove forest, which 
needs a regular supply of fresh water 
to keep damaging salt water out. 

The floods also boosted the habitat 
of the critically endangered Indus 
river dolphin. 

Many of the world’s largest rivers 
have the same issues. The mouth 
of China’s Yellow River maintains 
its tenuous connection to the ocean 
only through massive engineering 
works. Australia’s largest river, the 
Murray, fails to reach the sea for 
40 per cent of the year. 

Michael Cohen at the Pacific 
Institute in California points out that 
one of the greatest achievements of 
the project to bring the Colorado river 
delta back to life is showing that 
binational cooperation is possible. 
“There are a lot of these international 
rivers and people are looking at ways 
to handle them,” he says.

The experiment isn’t just 
remarkable for its scale. It is also 
the first time water has crossed 
the US-Mexico border for 
environmental purposes – the 
result of years of negotiations 
between Mexican and US water 
authorities, as well as a host of 
NGOs. “As far as I know there 
has never been an agreement 
to deliver water for biological 
purposes,” says Michael Cohen 
of the Pacific Institute in Oakland, 
California. “It’s been in the works 
for arguably 20 years.” 

Water rights 
The agreement, called Minute 319, 
requires the US to provide 
$21 million to help improve water-
saving measures in Mexico, and 
for Mexico to forego some of its 
water rights this year to free up 
water for the pulse. It also provides 
a legal framework designed to 
forestall conflict over how much 
water the US lets flow into Mexico, 

especially during droughts like 
the one currently gripping the 
region. This could prove vital  
in the coming years as climate 
models suggest the region will 
grow increasingly arid. 

When the waters hit, scientists 
expect the Colorado river  
delta to undergo an explosive 
transformation. It has happened 
before. El Niño dumped so much 
rain on the region for a few 
scattered years in the 1980s and 
90s that officials were forced to 
let some water flow to the ocean. 

Ed Glenn of the University of 
Arizona studied the impact on the 
delta, and saw native trees growing 
at speeds that seem otherworldly. 
“There’s an immediate green 
response in the satellite imagery,” 
he says. “You’re germinating new 
generations of all kinds of plants, 
including the native trees that are 
so valuable to birds.”

The hope is that this time, with 
a consistent base flow following 
behind the initial pulse, life will 
be there to stay. One of the main 
goals is to encourage native 
cottonwood and willow trees back 
into the delta. Right now, sticky 
mud flats are dominated by salt 
cedar, an invasive species.

Cottonwoods are uniquely 
adapted to make the most of flood 
waters. “The cottonwoods are able 
to extend their roots as much as a 
centimetre a day during the first 
growing season,” says Glenn, 
allowing them to continue to tap 
groundwater stores even after the 
pulse is over. 

Flessa and his team are 
planning to make the most of the 
opportunity to use the delta as a 
massive living experiment. They 
have buried temperature and 
moisture sensors across the flood 
plain to measure exactly when  
the pulse arrives. Another set of 
sensors, buried 10 metres deep 
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in the silty soil, will measure how 
quickly the water seeps in. The 
data gathered will be combined 
with laser scans of the flood 
plain and satellite imagery of 
vegetation to determine exactly 
how the water restores the area.

The outcome will be crucial to 
the continued life of the delta.  
The information the team gather 
will influence the decision on 
whether to renew the water 

supply when the terms in Minute 
319 are renegotiated in three 
years’ time. Ideally, that will  
mean more water, but the long-
standing drought in the south-
west US may make that difficult.

While the water pulse enabled 
by the Minute 319 agreement is 
historic, Osvel Hinojosa of 
Mexican NGO Pronatura Noroeste 
says it isn’t enough to return  
the delta to its former glory.  
The restored area will be a tiny 
fraction of the 780,000 hectares 
of wetlands that used to exist. 

“These things have never been 
done before for this river,” says 
Hinojosa. “But it’s only a step 
forward, not the final solution.”

The benefits of having a living 
delta, even one partially restored, 
are numerous. The experiment 
will increase habitat for the 
380 species of plants and animals 
native to the area, including some 
30 species of migratory birds that 
use it as a stopover point. And it 
could improve the prospects for 
two endangered birds native to 
the area – the Yuma Clapper Rail 
and the Southwestern Flycatcher.

“Locally, having a healthy 
ecosystem improves livelihoods. 
There is a significant economy 
related to tourism, hunting and 
fishing in the area,” says Hinojosa.

“To be involved with something 
on this geographic magnitude is 
really quite remarkable,” says 
Flessa. “This is a bit of a dream 
come true.”  ■D
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Colorado river delta
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The last barrier between the Colorado river
and the Gulf of California, the dam diverts
the river into the irrigated fields of the
Mexicali valley. On 23 March, its gates will
open, spilling water into the dry riverbed

It could take up to a week for the water 
pulse to reach its destination. The delta
will burst into life, with the first saplings 
appearing about three weeks after the flood

The Hoover, Davis and Parker dams have released 
130 billion litres of water, destined for the delta in 
Mexico. The water will be first to cross the US–Mexico
border for environmental purposes

100 km

US

MEXICO

COLORADO
RIVER

Water released from  
behind the Hoover 

dam will help life in the 
river  delta bloom

“A one-time pulse of water 
released from the dams  
on the river is only a step 
forward, not a solution”
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Lisa Grossman

SPACESHIP Earth can bring up 
a plasma shield to protect itself 
from solar storms. For the first 
time, satellites and ground-based 
detectors have watched as a 
tendril of plasma unfurls from 
a reservoir around the planet 
and creates a protective buffer. 
The discovery confirms a long-
standing theory about Earth’s 
defences and offers us a way to 

keep track of the phenomenon.
“It’s changed our thinking about 

how the system operates,” says 
Joe Borovsky at the Space Science 
Institute in Boulder, Colorado, who 
was not involved in the research. 
“Earth doesn’t just sit there and 
take whatever the solar wind  
gives it. It can actually fight back.”

Earth is always surrounded by 
a bubble of magnetism called the 
magnetosphere, which protects 

us from the bulk of the solar wind, 
a stream of high-energy particles 
constantly flowing from the sun.

But sometimes, the sun’s 
magnetic field lines can directly 
link up with Earth’s in a process 
called magnetic reconnection, 
which opens up cracks in the 
magnetosphere. Charged  
particles can flow along these 
lines into Earth’s atmosphere, 
leading to dazzling auroras as  
well as geomagnetic storms that 
can wreak havoc on navigation 
systems and power grids.

Earth’s magnetic field also  
traps gas escaping from the upper 
atmosphere after it gets ionised 
by ultraviolet light from the sun. 
The resulting plasma forms a 
doughnut-shaped ring around the 
planet, called the plasmasphere 
(see diagram, below). Previous 
observations showed that plumes 
sometimes emerge from this 
region, and theory had suggested 
that the plumes are born when  
an extra-strong electric field  
from the sun rips material away.  
If a plume reaches the boundary 
between the earthly and solar 

magnetic fields, the theory  
goes, it can create a buffer zone  
of dense material that would  
make it harder for magnetic  
field lines to meet up and spark 
further reconnection.

But while ground-based 
measurements can see a plume 
forming, their resolution isn’t 
good enough to tell for sure 
whether the material reaches  
the magnetic boundary.

Brian Walsh at NASA’s Goddard 
Space Flight Center in Greenbelt, 
Maryland, and his colleagues 
have now clinched it. In January 
2013, sensors on the ground 

mapped electrons in the upper 
atmosphere and saw a tendril of 
more densely packed particles  
curling away from the north pole, 
indicating that a plume of plasma 
was veering off towards the sun.

At the same time, three of 
NASA’s THEMIS spacecraft, which 
study solar storms, crossed 
through the magnetic boundary. 
The craft saw a 100-fold increase 
in the number of electrons at the 
boundary, which the team thinks 
were deposited there by the 
plume (Science, doi.org/rs3).

“For the first time, we were  
able to monitor the entire cycle  
of this plasma stretching from  
the atmosphere to the boundary 
between Earth’s magnetic field 
and the sun’s,” says Walsh.  
“It gets to that boundary and 
helps protect us, keeps these solar 
storms from slamming into us.”

Not every solar storm 
generates a plasma plume, 
and ground-based observations 
will be vital for understanding 
when they are likely to form.

“To measure things with 
spacecraft we have to have them 
in just the right place, but the 
ground stations can measure  
this stuff almost constantly,” says 
Walsh. “We want to know, when 
does the Earth decide to protect 
us? By validating this tool, we’re 
now able to figure that out.”  ■

Earth raises shield 
against sun’s fury 
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“Earth doesn’t just sit  
there and take whatever 
the solar wind gives it.  
It can actually fight back”

–Fiery foe–

Shields up!
During solar storms, an extra-strong electric field from the sun can rip material away from the plasmasphere – a ring of ionised 
gas around Earth. The plasma can then stretch out in a plume towards the sun and create a protective buffer
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BARRY “TIZZA“ TAYLOR was 77 when 
he died last year, but in reality the man 
his family loved had departed long ago. 

Taylor played rugby union for 
19 years in Australia; during that time 
he received countless blows to the 
head. The injuries eventually caught 
up with him. At 57 he began to show 
signs of dementia and by the time of 
his death he couldn’t recall his name.

Earlier this year Taylor became 
the first former rugby player to be 
diagnosed with a degenerative 
brain disease called chronic traumatic 
encephalopathy (CTE), caused by 
repeated concussions. He won’t be the 
last. According to a campaign launched 
this week, rugby union players don’t 
know enough about the risks of 
concussion – and the governing bodies 
aren’t doing enough to prevent it.

CTE leads to memory problems, 
personality change and slowness of 
movement. It is most often associated 
with boxers but has also been an issue 
in American football. Thousands of 
ex-professionals sued the National 
Football League alleging that it knew 
about the risks but covered them up. 
Last year the NFL offered a 
$765 million settlement package. 

Neurologists have long suspected 
that CTE could also be a problem in 

rugby union because of its emphasis 
on high-speed “hits”. Concussion is 
the fourth most common injury in 
the professional game. New Scientist 
understands that another deceased 
player’s brain has recently been found 
to have CTE in the UK.

Last week British MP Chris Bryant 
launched a campaign to increase 

awareness about concussion in sport. 
A documentary about the “concussion 
crisis”, Head Games, was also released 
in the UK. After the press screening, 
a current player said: “Our concussion 
protocols can be laughable at times.”

One of the key issues is recognising 
concussed players and getting  
them off the pitch. There is some 
evidence that concussed players who 
play on are at greater risk of further 
concussions and long-term problems.

Barry O’Driscoll, a former Irish 
international who features in the film 

and is uncle to Ireland player Brian 
O’Driscoll, resigned from the medical 
committee of the International Rugby 
Board (IRB) over this last year.

He says that until recently a player 
with any sign of concussion had to 
leave the pitch immediately and 
couldn’t return. This was based on the 
recommendations of an international 
committee. But last year the IRB 
introduced a new system called the 
Pitchside Suspected Concussion 
Assessment (PSCA) for some 
international matches and professional 
leagues in the men’s game. A player 
who has received a blow to the head is 
now taken off the pitch for cognition, 
balance and memory tests; if he 
passes he can return after 5 minutes. 

“It came out of the blue,” says 
O’Driscoll. “They say it is based on best 
research evidence, but there is none.”

The IRB disputes this. It says that 
the PSCA was designed by experts 
based on existing concussion tests 
and is already improving player safety. 
Under the old system team doctors 
examined players on the pitch and 
decided if they needed to come off; 
56 per cent of players who played on 
were later found to be concussed. The 
IRB says that figure is now 13 per cent.

What both sides agree on is that 
players and coaches need to be 
educated so they take concussion 
more seriously – and at least know 
what they may be letting themselves 
in for in later life.  Graham Lawton  ■

Rugby players warned of 
lasting brain injury risk

Insight Brain damage in sport
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–High-speed hits unavoidable–

“ About 80 per cent of Mars 
meteorites may be from 
the same crater, making 
them 4.3 billion years old”

OUR Martian visitors may have had  
us fooled. Most meteorites from the 
Red Planet could be from the same 
crater, which would make them 
billions of years older than believed.

About 80 per cent of meteorites 
that have fallen to Earth from  
Mars belong to a group called the 
shergottites. Looking at the way 
minerals melted and reformed in 

Most Mars rocks 
on Earth carved 
from one crater

these rocks, previous studies said that 
shergottites are 600 million years old 
at most. But Stephanie Werner at the 
University of Oslo in Norway and her 
colleagues now say that the rocks 
have all come from the same place, 
Mojave crater on Mars, which would 
make them 4.3 billion years old.

When planetary material is launched 
into space by an impact, it gets 
exposed to cosmic rays, which alter 
the rocks’ chemical signature. Based 
on their cosmic ray exposure, the 
shergottites must have been launched 
between 1 and 5 million years ago. 
Werner’s team calculates that the 

impact that formed Mojave crater 
happened about 3 million years ago, 
so could have dislodged these rocks 
(Science, doi.org/rtr). Also, mineral 
maps from spacecraft in orbit show 
that the rocks in the crater have 
similar ingredients to shergottites.

If all the shergottites are from 
Mojave, they should be as ancient as 
the material in the rest of the crater. 
Werner’s team points to previous work 

studying the ratios of different kinds 
of lead in the meteorites, which 
suggests that the rocks are, in fact, 
between 4.1 and 4.3 billion years old.

Audrey Bouvier at the University of 
Western Ontario, Canada, is excited 
about the results. She thinks the 
shergottites were not dated carefully 
enough in the past, and the revised 
ages are a better fit. But Harry 
McSween at the University of 
Tennessee in Knoxville says that 
shergottites fall into subgroups with 
different cosmic ray ages and mineral 
properties, which suggests they came 
from different craters.  Jacob Aron  ■
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KNOWLEDGE can be power. 
There is now a test to predict 
Alzheimer’s disease two or three 
years before symptoms occur. 
The assessment, the first to give 
such early warning, identifies 
10 molecules in the blood 
associated with the disease 
before symptoms start. The hope 
is that it might be able to predict 

Alzheimer’s disease decades in 
advance and help the development 
of preventative therapies.

Globally, 35 million people 
are living with Alzheimer’s 
disease. It is characterised by  
a toxic build-up of amyloid and 
tau proteins in the brain, which 
destroys neurons and causes the 
brain to shrink. Several blood tests 
can diagnose the disease, but until 
now, none has had the sensitivity 
to predict its onset.

Howard Federoff at Georgetown 
University in Washington DC and 
his colleagues studied 525 people 
aged 70 and over for five years. 
The group showed no signs of 
mental impairment at the start  
of the study. Each year, the team 
performed a detailed cognitive 
examination and took blood 
samples from the participants. 
During this time, 28 people 
developed Alzheimer’s or mild 
cognitive impairment, thought to 
be the earliest noticeable sign of 
several types of dementia, 
including Alzheimer’s disease.

Analysis of the blood revealed 
that those who went on to develop 
Alzheimer’s had depleted levels of 
10 metabolites – the products of 
chemical reactions in the body –

compared with those who 
showed no sign of dementia. 
These molecules predicted who 
went on to get Alzheimer’s 
within the next three years with 
up to 96 per cent accuracy (Nature 
Medicine, doi.org/rtn).

The 10 metabolites are involved 
in supporting and maintaining 
the neurons. “We think the 
decrease in these chemicals 
reflects the breakdown of neural 
populations in the brain,” says 
team member Mark Mapstone  
at the University of Rochester 
Medical Center in New York.

If the test’s worth is verified in 
trials with larger groups, it should 
provide a cheap and quick way of 
revealing Alzheimer’s a few years 
in advance. Mapstone says that it 
may even be able to predict the 
disease much earlier, because 
brain changes associated with 
Alzheimer’s begin many years 
before symptoms occur. “These 
metabolic changes might occur 
10 or 20 years earlier – that would 
give us a real head start on 

predicting the disease,” he says.
The team is hoping to explore 

this by looking at other dementia 
studies in which blood samples 
have been taken over decades  
and seeing whether the chemical 
changes can be detected that early.

The group also analysed the  
full genome sequences of all of 
the participants in the study. That 
work has yet to be published, but 

Federoff says the changes in 
genes over the five years of the 
study are even more powerful 
than the metabolites at predicting 
who will develop dementia. 

But with no treatments 
available, would anyone want to 
take the tests? “In my experience, 
the majority of people are very 
interested to know whether they 
will get Alzheimer’s,” says 
Mapstone. “Knowledge is power. 
We may not have any therapy yet 
but we can get our financial and 
legal affairs in order, plan for 
future care and inform family.”

If the test could predict the 
disease 20 years before symptoms 
appear, the implications are  
huge, he says (see “Fighting a  
local legend”). “Imagine what you 
would do in your early 40s to slow 
the onset of the disease. You could 
eat the right foods, avoid head 
trauma or do more exercise.”

“In the short term, I think  
some people would want to know 
and some wouldn’t,” says Tracy 
Young-Pearse, a neurologist at 
Harvard Medical School. However, 
if treatments are developed that 
are only effective before neurons 
start dying in large numbers, then 
the choice will be easy, she says.  ■

A test to see if you 
will get Alzheimer’s
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–A shrunken brain is not a healthy one–

FIGHTING A LOCAL LEGEND 
In Yarumal, Colombia, lives a unique 
population of people, many of whom 
have fallen ill with what locals call 
La Bobera – “the foolishness”.  
The disease, which confuses people 
before robbing their memories, was 
once thought to be caused by a priest 
who cursed the villagers for stealing 
from his collection boxes. 

It is now known to be a form of 
early onset Alzheimer’s, caused by  
a mutation in a gene called PSEN1. 
The town has the largest population 
of people with Alzheimer’s in the 
world – about 5000 people have the 
gene mutation, half of whom are 
diagnosed by age 45.

This year many of Yarumul’s 
inhabitants will start receiving an 

investigational Alzheimer’s drug 
called Crenezumab. A team, led by 
Francisco Lopera at the University of 
Antioquia, Colombia, will be looking 
to see whether early intervention can 
delay the onset of the disease. This 
is hard to do in people without the 
genetic predisposition because so  
far it has been impossible to tell who 
will get the disease and who won’t. 

The existence of a blood test for 
predicting who will get Alzheimer’s 
(see main story) should make this 
easier, especially if it is accurate 
decades in advance. “If an even 
earlier pre-clinical population could 
be identified, it could be game-
changing,” says Tracy Young-Pearse 
at Harvard Medical School.

“ If the test could predict 
Alzheimer’s 20 years 
before symptoms appear, 
the implications are huge”
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FORGET the “pause” in global 
warming. The climate is highly 
sensitive to greenhouse gases 
after all, and global temperatures 
could still shoot up this century.

Some recent analyses had 
suggested that the climate does 
not respond much to carbon 
dioxide, but three new studies say 
this hopeful scenario is unlikely, 
and Earth reacts strongly to CO2.

“All the lines of evidence now 
point to the high end,” says Drew 
Shindell of the NASA Goddard 
Institute for Space Studies in  
New York. “They’re all telling us 
the exact same thing.”

Climate sensitivity is a measure 
of how much Earth will heat up, 
on various timescales, if CO2 levels 
in the atmosphere double. The 
latest Intergovernmental Panel 
on Climate Change report says  
the medium-term warming  
will be between 1.5 °C and 4.5 °C. 
Studies of past climates usually 
point to the high end of this 
range, as do climate models.

But it has been hard to reconcile 
this with the slow warming over 
the past decade. Most climate 
models projected more warming 

than observed, suggesting they 
are too sensitive to CO2. What’s 
more, the slowdown meant that 
simple estimates of climate 
sensitivity based on the recent 
temperature record were lower.

But new analyses can explain 

these discrepancies. In February, 
Shindell and colleagues showed 
that models inflated the warming 
because they were fed the wrong 
data. The modellers had assumed 
that solar output, volcanic activity 
and aerosol pollution would stay 
at 1990s levels. But solar output 
fell, while volcanic activity and 
aerosol pollution rose. All that had 
a cooling effect. Shindell reran the 
models with the correct data, and 
most of the mismatch vanished 
(Nature Geoscience, doi.org/rsh).

Now Shindell has found a  
flaw in simple estimates of 
climate sensitivity that use  
recent temperature data. These 
underestimate the global cooling 
effects of aerosol pollution, so  
also underestimate sensitivity. 
That means the short-term 
sensitivity is between 1.3 °C and 
3.2 °C – most likely 1.7 °C (Nature 
Climate Change, doi.org/rtm).

It also explains why a much-
trumpeted study from 2013, from 
a team that included Shindell, 
used the temperature record and 
concluded that the short-term 
sensitivity to CO2 was just 1.3 °C 
(Nature Geoscience, doi.org/mj7).

A high short-term sensitivity 
suggests that the medium-term 
sensitivity, which builds on the 
initial warming, is also high.

That’s not the only evidence for 
high sensitivity. Steven Sherwood 
of the University of New South 
Wales in Sydney, Australia, and his 
colleagues looked at why different 
models give different estimates  
of sensitivity. They found that the 
way clouds behave in the models 
explains half of the differences. 
Models that simulate clouds best 
also predict higher medium-term 
sensitivity (Nature, doi.org/rsj).

“Sensitivity is not down at the 
low end,” Shindell says. “We can’t 
take any solace from warming 
being slower of late.”

That means we must cut our 
emissions fast, he says, or the 
planet could warm 6 °C by 2100.  ■

Our planet reveals 
its sensitive side
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“Cognitive tests and brain 
scans suggest addiction 
and OCD share a lack of 
control of behaviour“

–On the road to warming–

ARE people with obsessive 
compulsive disorder addicted to 
their repetitive behaviours? 

In a test designed to measure 
decision-making, individuals with  
OCD performed much like gambling 
addicts, suggesting their underlying 
brain problems may be similar. 

OCD makes people worry 
obsessively, compelling them to  

OCD makes 
people behave 
like gamblers 

carry out rituals like repeated hand 
washing. It affects about one in 50 
people and can take over their lives. 
Because sufferers get anxious if they 
can’t complete their rituals, OCD is 
usually treated as an anxiety disorder 
with talking therapies to relieve 
distress or anti-anxiety drugs. These 
approaches reduce symptoms but 
only a minority of people are cured.

In the new study, 80 people – half of 
whom had OCD – had to choose cards 
from four decks, winning or losing 
money in the process. Two decks were 
rigged to produce big wins but even 
bigger losses. The people without OCD 

learned to choose from the two safer 
decks but those with the disorder 
were consistently less likely to make 
good judgements and finished with  
a significantly lower final score.

Drug and gambling addicts also 
perform poorly on the test. That 
doesn’t prove OCD is an addiction but  
a growing body of work, including 
brain scans and other cognitive tests, 
suggest it should be recast in this way, 

says Naomi Fineberg of the University 
of Hertfordshire in Welwyn Garden 
City. Both addiction and OCD “share a 
lack of control of behaviour”, she says.

People with OCD might benefit 
from talking therapies and drugs 
designed for addictions, says Giacomo 
Grassi at the University of Florence  
in Italy, who recently presented the 
work at the European Congress of 
Psychiatry in Munich, Germany.  
For example, a compound called 
N-acetylcysteine, which looks 
promising as a treatment for drug  
and gambling addiction, also seems  
to help in OCD.  Clare Wilson  ■
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QUANTUM rumbles may change 
the way we look at the universe.  
A device for detecting sound-like 
vibrations in ultra-cold gas might 
confirm the last major untested 
prediction of Einstein’s general 
theory of relativity.

According to Einstein, violent 
events in the universe, such as two 
black holes merging, should cause 
the very fabric of space-time to 
ripple, analogous to water when 
a stone is dropped in a pond. 
Astronomers are anxious to find 
these gravitational waves because 
they would offer a new way to 
study the cosmos. But the waves 
are extremely weak by the time 
they reach Earth, and so far no  
one has directly detected them.

Current efforts involve huge 
detectors like the ones at the Laser 
Interferometer Gravitational 
Wave Observatory. There are two 
LIGO sites in the US, where lasers 
bounce between mirrors inside 
twin perpendicular tunnels, 
or arms, each 4 kilometres long. 
A passing gravitational wave is 
expected to slightly change the 
length of one arm relative to the 
other and create a detectable 
signal in the laser light.

Initial LIGO observations 
between 2002 and 2010 came up 
empty, and the experiment is  
now being upgraded to improve 
sensitivity and eliminate noise. 
LIGO scientists are even searching 
for a third location to house 
another pair of giant tunnels. 
Having three would allow them 
to pinpoint the sources of 
gravitational waves. Other 
existing detectors and planned 
projects for hunting gravitational 
waves on Earth also need tunnels 
spread over kilometres.

Instead, we might be able to 
achieve the same thing using 
a tabletop device that holds a 
cloud of ultra-cold atoms, says 
a team led by Carlos Sabin at the 
University of Nottingham, UK.

Sabin’s team has shown that, 
in theory, a gravitational wave 
would create noticeable vibrations 
in a Bose-Einstein condensate,  
a collection of atoms cooled  
down to almost absolute zero.  
At this temperature, the atoms 
behave as one quantum object, 
and fluctuations can generate 
“particles” of vibrational energy 
called phonons.

Bose-Einstein condensates are 
held in place with traps made 
of lasers. Previous experiments 
showed that changing certain 
properties of the laser trap,  
such as its size, can create extra 
phonons in the cloud. Sabin  

and his colleagues think that 
gravitational waves should have 
the same influence (arxiv.org/
abs/1402.7009).

“In this case it is space-time that 
is changing, but that generates 
a similar effect, which is the 
creation of phonons,” says Sabin. 
The team calculates that a 
detector using a Bose-Einstein 
condensate would be four orders 
of magnitude more sensitive to 
gravitational waves than LIGO.

“I applaud their intellectual 
audacity,” says Christoph 
Westbrook of the Charles Fabry 
Laboratory at the Institute of 
Optics in Palaiseau, France,  
who works with Bose-Einstein 
condensates.

Building such a detector will 
not be trivial. “There are going 
to be lots of issues about how you 
can enhance the signal and reduce 
the inevitable noise – even 
understanding the noise sources 
will be a big job,” says Westbrook. 
“But then, no one claims that 
detecting gravitational waves 
is easy.”  Anil Ananthaswamy  ■

Tabletop detector could 
find space-time ripples

“A small cloud of ultra-cold 
atoms could be even more 
sensitive than detectors 
that are kilometres long”

GRADUATE SKILLS SURVEY
The Society of Biology is working to support the 
advancement of life science skills through its Degree 
Accreditation Programme, which ensures a pipeline 
of skilled research-ready graduates.

Our annual graduate skills survey is seeking input 
on the skills and attributes of bioscience graduates 
recruited, and their impact on the organisation. 

All employers who complete the survey before 23rd 
April 2014 will be entered into a prize draw to win 
one of three £100 Amazon vouchers.

www.societyofbiology.org/graduate-skills-survey

The Degree Accreditation Programme has received 
co-investment from the UK Commission for Employment 
and Skills through the Growth and Innovation Fund.
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FEELING dopey? Wake up your 
“circadian eye” with orange light.

Light is a powerful wake-up  
call, enhancing alertness and 
activity. Its effect is controlled by  
a group of cells in the eyeball that 
make the light-sensing pigment 
melanopsin. These cells, which 
work separately to the rods and 
cones needed for vision, are 
thought to reset our body clocks – 
or circadian rhythms. 

To find out how melanopsin 
wakes up the brain, Gilles 
Vandewalle at the University of 
Liege, Belgium, and his team gave 
16 people a 10-minute blast of  
blue or orange light while they 
performed a memory test in an 
fMRI scanner. They were then 
blindfolded for 70 minutes, before 
being retested under a green light. 

People initially exposed to 
orange light had greater brain 

activity in several regions related 
to alertness and cognition when 
they were retested, compared to 
those pre-exposed to blue light. 
Orange light, which has the longer 
wavelength, is known to make 
melanopsin more light-sensitive.  
Blue light has the opposite effect, 
with green lying in the middle. 

Vandewalle thinks melanopsin 
is acting as a kind of switch, 
sending different signals to the 
brain depending on its state (PNAS, 
DOI: 10.1073/pnas.1320005111). 
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Surf’s down dude! Gnarly 
Aussie waves hit by climate 

BODACIOUS tubes on Australia’s east coast are being 
quashed by global warming. At current rates, by the end 
of the century, climate change will reduce the number of 
big waves by a third, according to the latest research.

Andrew Dowdy and his colleagues from the Australian 
Bureau of Meteorology in Melbourne ran 18 climate 
models forwards and backwards to see how the changing 
climate influences big waves. They found that these 
waves were caused by storms in the west Pacific known 
as ”east coast lows”, driven by differences in air pressure. 
The models showed that climate change is pushing down 

the number of big waves and that trend will increase 
exponentially. Where there might have been waves taller 
than 6 metres on 36 days a year in the 1950s, now it 
happens on about 34 days a year. If we continue along a 
high-emissions path, that number will reduce by almost 
30 per cent by the end of the century. They saw a similar 
trend for waves of between 4 and 6 metres high (Nature 
Climate Change, doi.org/rth). Surfers might take comfort 
in the thought that the biggest waves may get even 
bigger, Dowdy says, something his study didn’t examine. 

These changes could also affect beaches, says Mark 
Hemer from CSIRO, Australia’s national research 
organisation in Hobart. The amount of sand on a beach is 
determined by the balance between what gets washed in 
and out, “and waves are the primary driver of that”. 

Orange light wakes our circadian eye

Is dark matter a 
dinosaur killer?

DARK matter might live up to its 
ominous name. A recent theory 
about the behaviour of the elusive 
stuff leads to a scenario in which 
dark matter could be to blame for 
killing off dinosaurs.

Last year, Lisa Randall at Harvard 
University and her colleagues 
suggested that dark matter can 
clump up into a thin, flat disc in a 
galaxy’s plane. As the solar system 
orbits the centre of our galaxy,  
it bobs up and down on a regular 
cycle, so if the galaxy contains a 
dark matter disc, we would pass 
through it every 35 million years.

In a study released last week, 
the team say that comet impacts 
on Earth appear to spike every 
35 million years, perhaps because 
of dark matter perturbing comets 
within the solar system (arxiv.
org/abs/1403.0576). While the 
timing is not a perfect match, the 
cycle could encompass the giant 
impact linked to dinosaur 
extinctions.

Comets herded by 
invisible planet

A CLOUD of carbon monoxide 
may have just revealed a strange, 
comet-shepherding exoplanet.

Radio observations show a huge 
clump of carbon monoxide gas 
close to the star Beta Pictoris. 
Starlight rapidly breaks down 
carbon monoxide, so such a large 
clump would have to be regularly 
replenished, says Mark Wyatt at 
the University of Cambridge.

One possibility is that an 
unseen Saturn-sized planet is 
attracting comets, which are then 
smashing together and releasing 
trapped gas (Science, doi.org/rsz). 
Or two icy planets laden with gas 
may have previously collided, and 
pieces are still hitting each other 
today. Studies that can make out 
the cloud’s shape and orbit may 
help distinguish between these.
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Ear genes linked 
to music aptitude

IT BRINGS new meaning to having 
an ear for music. Musical aptitude 
may be partly down to genes that 
determine the architecture of the 
inner ear.

We perceive sound after 
vibrations in the inner ear are 
detected by “hair cells” and 
transmitted to the brain as electrical 
signals. There, the inferior colliculus 
helps to map different frequencies 
to different cells for processing. 

To identify gene variants 
associated with musical aptitude, 
Irma Järvelä at the University of 
Helsinki, Finland, and colleagues 
analysed the genomes of 767 
people assessed for their ability to 
detect small differences between 
the pitch and duration of a sound, 
and musical pattern. The team 
compared the combined test scores 
with the prevalence of common 
variations in the participants’ DNA. 

Genetic variations most strongly 
associated with high scores were 
found near the GATA2 gene – 
involved in the development of 
inner ear hair cells and the inferior 
colliculus. Another gene, PCDH15, 
plays a role in the hair cells’ ability  
to convert sound into brain signals 
(Molecular Psychiatry, DOI: 
10.1038/MP.2014.8).

Järvelä’s team now plans to  
study the interplay between 
genetic and environmental factors 
in the development of musical 

Sexual apartheid in spider monkeys

EWW, boys! A species of spider 
monkey lives in sexually segregated 
societies, apparently because males 
attack females if they spend too 
much time together. They are the 
first non-human primates known 
to systematically separate along 
gender lines.

Geoffroy’s spider monkeys (Ateles 
geoffroyi) live in loose groups of a 
few dozen individuals. Kayla Hartwell 
of the University of Calgary, Canada, 
and colleagues tracked a group of 
34 monkeys in the rainforests of 
Belize. They found that males and 
females lived separately, albeit in the 

same area, for 15 out of 23 months. 
Males foraged in groups, but females 
foraged with just their infants. Only 
when food was scarce did the sexes 
come together (International Journal 
of Primatology, doi.org/rsf).

“Males and females have evolved 
to be so different that spending time 
together quickly becomes hostile,” 
says Hartwell. She says males are 
friendly to each other, even falling 
asleep hugging, but are aggressive 
towards females. Females may 
accept this because they need the 
males’ protection from other males 
who would kill their infants. 

IT’S never fazed by seeds of doubt. 
A shrub with small, edible berries 
is a cool customer when parasites 
attack, responding in line with the 
severity of the infestation.

Each fruit of the barberry, 
Berberis vulgaris, has either one or 
two seeds, which may be targeted 
by larvae of the tephritid fruit fly. 
Katrin Meyer, now at the University 
of Göttingen, Germany, and her 
colleagues collected around 
2000 berries to study the attacks. 
If the berries were pierced – a sign 
the fly had laid eggs inside – the 
team also dissected them.

It was already known that the 
plant can cut off nutrients to an 
infested seed, killing the parasite 
in the process. But the team found 
that if the berry had two seeds and 
one was attacked the plant killed 
off the infested seed 75 per cent of 
the time, compared with just 5 per 
cent in single-seeded berries that 
were attacked. 

This response makes 
reproductive sense. Aborting an 
infested seed in two-seeded fruits 
might save the other one and keep 
the fruit fertile. But if there is only 
one seed, killing it would render 

the fruit sterile, and it might be 
better instead to rely on the small 
chance that the parasite would die 
naturally (The American 
Naturalist, doi.org/rtv). 

Such a sophisticated response 
in plants is impressive, says Susan 
Dudley of McMaster University  
in Hamilton, Ontario, Canada.  
“I think it is a cool result.” Some 
plants were known to try to ward 
off infections by varying their 
defences with the time of day,  
but the new finding trumps that 
in terms of behavioural 
complexity, she says. 

The shrub that knows how to take stock of the situation

Attracted to female 
cannibal spiders

THE scent of a dead rival  
might not seem like much of  
an aphrodisiac, but for the 
Pennsylvania grass spider, it’s 
exactly what males look for in a 
mate. They are far more likely to 
approach a female if she has 
recently killed and eaten a male.

Jonathan Pruitt and colleagues 
at the University of Pittsburgh 
in Pennsylvania captured 
young spiders (Agelenopsis 
pennsylvanica) from hedgerows 
and took them back to the lab. 
The team selected 100 females 
and gave 50 of them a wounded 
male to kill and eat; the other 
50 dined on a cricket. 

Some 10 to 24 days later,  
Pruitt’s team gave 20 male spiders 
a choice: to approach the web of a 
cannibalistic female, or that of a 
female that hadn’t consumed a 
male. Three-quarters of the males 
headed towards the cannibal 
(Ethology, doi.org/rsm).

“A history of cannibalism 
makes females more attractive to 
subsequent suitors,” says Pruitt. 
He found that females typically 
ate only one male during the lab 
experiments, and speculates that 
males are aware of this and so feel 
more confident approaching a 
known cannibal.
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A mean green machine
This year the cars in F1 will have engines no bigger than yours, but they’ll 
still hit incredible speeds. How will they do it?

Paul Marks

FORMULA ONE motor racing is  
all about the noise, the fumes,  
the gas-guzzling cars that would 
trash the climate in a heartbeat, 
were we all to drive them. But not 
any more…

As the 2014 F1 season kicks  
off this weekend in Melbourne, 
Australia, the drivers will race 
machines with far greater 
relevance to future road cars. One 
day their fuel-efficient, energy-
recovery technologies will make 
their way into the cars we drive. 

Until now, the F1 spectacle has 
been all about the power of the 
engine. The 2013 cars, for instance, 
were powered by beefy eight-
cylinder, 2.4-litre engines and 
before that they were even more 
powerful 10-cylinder, 3-litre 
beasts. This year the engine 

capacity of F1 cars is dropping to 
just 1.6 litres – the same as family 
cars like the world’s bestselling 
hatchback, the Ford Focus. 

The idea is to kit out the  
cars with a small engine of a 
“road-car relevant” size complete 
with  a clutch of energy recovery 
techniques.  Along with  better 
aerodynamics, these will  
ensure the engine has both  
green credentials and the  
speed the spectacle demands. 
Jenson Button, former F1 world 
champion with the Brawn  
GP team, who now drives for 
McLaren, is impressed. “The 
power of the engine is nice.  
It’s very torquey,” he told  
New Scientist, referring to  
the new car’s acceleration.

So why the change? Major 
carmakers like Ford, Honda, 
Toyota and BMW have dropped 

out of F1 competition in recent 
years and Volkswagen-owned 
Audi has declined to join because 
they argue that F1 is irrelevant  
to improving road cars. So F1’s 
governing body, the FIA, and the 
sport’s three engine-makers – 
Renault, Ferrari and Mercedes – 
have worked out how to realign 

F1’s rules with the greener aims  
of mainstream carmakers. They 
hope that will attract more of the 
mainstream to F1.

The goal is to maximise fuel 
efficiency. “The automotive 
industry is focused on fuel 
consumption and the CO2

 
emissions it generates. So F1  

has turned the rules on their head 
to align with that,” says Andy 
Cowell, managing director of 
Mercedes AMG High Performance 
Powertrains in Brixworth, UK, 
which develops F1 engines. “The 
fundamental challenge now is to 
convert as much of the chemical 
energy in the fuel into mechanical 
energy as efficiently as possible.”

FIA’s new rules are tough: the 
new F1 engine has to be at least 30 
per cent more fuel-efficient than 
last year’s engines. If they are not, 
some of F1’s multimillionaire 
drivers risk red faces by not 
finishing the race. That’s because 
fuel efficiency is now being 
enforced by two mechanisms: a 
maximum fuel flow rate of 100 
kilograms per hour, which caps 
the engine power, and a total  
race fuel allowance of just 100 
kilograms, compared with last 
season’s 150 kilograms. 

This means teams have to 
finish the  305-kilometre race  
on two-thirds of last season’s  
fuel allowance. But to keep the 
spectators happy, they must do  
so at the same speeds. 

To make this possible the 1.6-
litre engine needs to play a few 
tricks to recover energy that 
normally goes to waste. Giving a 
hint of just how complex the new 
engine is, Mercedes says on its 
website: “The engine is no more. 
Long live the power unit”.

The heart of the 2014 power 
unit is the newly shrunk engine 
that has also had its maximum 
rotational speed cut from 18,000 
revolutions per minute to a more 
efficient 15,000 rpm. Then a raft 
of energy-recovery techniques 
come in to play. 

Since 2009, F1 cars have used a 
regenerative braking system, like 
that used in hybrid cars, to charge 
the car’s 25-kilogram, lithium ion 
battery. Once a lap the battery can 
discharge into a motor, giving a 
7-second kinetic energy boost to 
the car’s drive shaft. This Kinetic 
Energy Recovery System (KERS) 
comprised a combined motor and 
generator, but this has now been 
upgraded and is known as the 

–Fast, furious and fuel-efficient–

“ The F1 cars will have far 
greater relevance to road 
cars, with fuel-efficient, 
energy-recovery tech”

>

WorldMags.net

http://worldmags.net/
http://worldmags.net/


22 | NewScientist | 15 March 2014

TECHNOLOGY

1

4 5

3

2

7

6 MGU-K

MGU-H and TURBOCHARGER

AIR INTAKE

EXHAUST

BATTERY

recovery systems – jointly known 
as the Energy Recovery System 
(ERS) – as they did with KERS in 
previous years. Smart electronics 
make sure it is all available 
through the throttle: if the energy 
is available from the engine or  
the battery they can have it on 
demand. Similarly, harvesting 
braking energy to charge the 
battery is now automatic, too.

The identical electronic control 
units in F1 cars are made under 

FIA rules by McLaren Applied 
Technologies (MAT) of Woking, 
UK – a company kept strictly 
separate from the firm’s McLaren 
F1 racing team, for the sake  
of fairness. The control units 
choreograph everything from 
throttle control down to changing 
the gears. Their software has  
been completely rewritten for  
the new energy-recovering 
turbos, says MAT vice-president 
Peter van Manen. 

“In terms of road relevance,  
the whole concept of recovering 
energy from the exhaust is  
very exciting because half the 
energy of a road car is lost as  
heat through the tailpipe,” Van 
Manen says. “Being able to recover 
some of that could have a big 
impact on carbon emissions and 
fuel economy.”

The true test will be the 
reliability of the complex turbo 
engines with all their electric add-
ons – and the reaction of the F1 
fans to the engine sound, starting 
at the Albert Park Lake Grand  
Prix Circuit in Melbourne, this 
weekend. Some diehard fans may 
be disappointed. “It’s definitely 
quieter and more melodic,”  
says one F1 team member who 
watched  trials in Jerez, Spain.

Ahead of the race, things were 
looking good for the driving 
experience: “Coming out of the 
corners you have so much torque 
it’s exciting,” says Button. “I think 
the positive thing is we have the 
ERS unit to fill in the gaps. I would 
say it’s a very drivable engine at 
this early stage.”  ■

motor-generator unit-kinetic. In 
generator mode, the MGU-K can 
now harvest up to five times as 
much braking energy as the KERS, 
at 2 megajoules per lap. As a 
motor, it can take 4 megajoules  
of energy from the battery and 
send it to the engine, equating  
to an extra 161 horsepower  

(120 kilowatts) over 30 seconds. 
The next energy-recovery trick 

is a novel take on a turbocharger, 
something that has been used in 
F1 before but which comes with  
an extra trick up its sleeve this 
year. In a standard turbocharger  
a turbine sits in the hot exhaust  
gas stream and turns a 
compressor on the air intake  
side of the engine. This boosts  
the power of the  engine by 
pumping higher pressure  

1  Exhaust energy spins the turbine to drive a compressor 
which boosts the pressure of the incoming air, making 
the engine more efficient

2  Energy is recovered from the rear axle during braking 
and stored in the battery

3  Electrical energy from the battery is sent to the MGU-K 
to boost car performance

4  MGU-H recovers energy from the hot exhaust and 
sends it to the battery for storage

5  Electrical energy sent from the battery to the MGU-H 
accelerates the turbocharger 

6  Recovered energy from the turbocharger is sent 
directly to the rear axle

7  Recovered energy from the rear axle is sent directly 
back to the turbocharger

air into the firing cylinders. 
In the new turbocharger, 

nothing gets wasted. Once the 
exhaust gas pressure pushes the 
compressor in the air intake to 
100,000 rpm any extra energy 
from the turbocharger’s turbine is 
harvested to turn a device, called 
the motor-generator unit-heat, or 
MGU-H. This can charge the car’s 
battery still more or dump energy 
into the MGU-K to send to the 
drivetrain to give the driver an 
extra boost. This means it uses 
less fuel for more power.

All of this, in pre-season testing 
in Spain and Bahrain at least, 
seems to supply the necessary 
efficiency gains. “We are 
producing over 30 per cent  
more power for every unit  
of fuel consumed compared  
with last year’s V8 engine,”  
says Cowell. 

These changes should make  
life easier for the drivers too as 
they do not have to think about 
activating the kinetic and heat 

–Keeping the customers satisfied–

7 ENERGY TRICKS TO POWER A RACING CAR

“ We are producing over  
30 per cent more power  
for every unit of fuel 
consumed”

KEY:
MGU-K = motor-generator unit - kinetic energy
MGU-H = motor-generator unit - heat energy

M
A

ZE
N

 M
A

H
D

I/
EP

A
/C

O
R

B
IS

WorldMags.net

http://worldmags.net/
http://worldmags.net/


15 March 2014 | NewScientist | 23

For more technology stories, visit newscientist.com/technology

FE
ST

O

JÓ
ZS

EF
 F

EJ
ES

Robot trunk learns 
motor skills like a baby 

ONE PER CENT

I AM in Jochen Steil’s lab, grasping  
a segmented, whiplashing tentacle 
that resists and tries to push me away. 
It feels strangely alive, as though  
I am trying to throttle a giant alien 
maggot. In fact, I am training a bionic 
elephant’s trunk to do real-world jobs 
like picking apples or replacing light 
bulbs – something non-experts 
haven’t been able to do until now.

Designed to bring the dexterity  
of an elephant’s trunk to industrial 
robots, the appendage I am wrestling 
was launched by German engineering 
firm Festo as a proof-of-concept in 
2010. The design showed that a  
trunk formed of 3D-printed segments 
can be controlled by an array of 
pneumatic artificial muscles. 

But beyond a handful of motions, 
such as shaking hands – including 
once with German chancellor Angela 
Merkel – or grasping a bottle, the 
machine wasn’t built with its own 
precision control software. “They 
deliver it without much control.  
You can try, but the arm will be 
centimetres from where it should  
be, which is no good,” says Steil,  
an intelligent systems engineer at 
Bielefeld University, also in Germany. 

That means people who aren’t 
robot experts wouldn’t be able to train 
it to carry out simple tasks, limiting  
its potential usefulness in the real 
world. But now Steil and his colleague 
Matthias Rolf have changed all that,  

as they told a human-robot interaction 
conference in Bielefeld last week.  

They used a process called “goal 
babbling”, thought to mimic the  
way a baby learns to grab things by 
continually reaching – a process of 
trial and error that lets them work out 
which muscles they need to move. 
Similarly, the robot remembers what 
happens to the trunk’s position when 
tiny changes are made to the pressure 
in the thin pneumatic tubes feeding 
the artificial muscles. This creates a 
map that relates the trunk’s precise 

position to the pressures in each tube. 
The trunk can now be manually 

forced into a series of positions and 
learn to adopt them on command – in 
other words it can now be trained to 
repeat actions and pluck anything 
from light bulbs to hazelnuts. 

I can vouch for that: as I move the 
bionic trunk in Steil’s lab into different 
positions it initially resists, but then 
yields and follows my movement.  
The next time I try to push it to the 
same spot, it moves easily, because 
the behaviour has been learned.  
The robot now has muscle memory – 
which makes it seem even more alive.  
Paul Marks  ■

Rainbow smoke in 17 million colours
This image might be eye-catching, but it’s only a poor copy. 
Last month, coders took part in an online challenge to write 
software that would create images in which every pixel is 
a different colour. They could use as many as 16,777,216 
colours – the maximum possible if 256 shades each of red, 
green and blue are blended in varying amounts. This was  
one of the winning images by Hungarian programmer  
József Fejes, although the computer’s specification can’t be 
reproduced accurately in print. Fejes’ program plots pixels 
according to how similar they are in hue and brightness. 

“I took an oath to support the 
Constitution, and I felt the 
Constitution was violated on  
a massive scale”
Edward Snowden, the whistleblower on NSA snooping, speaks 
via live video link at the SXSW festival in Austin, Texas, on Monday

Bitcoin founder unmasked? Maybe not
Is Dorian Prentice Satoshi Nakamoto, a 64-year-old Japanese 
American man living in Los Angeles, really the mysterious 
Satoshi Nakamoto who created the virtual currency Bitcoin? 
That was the scoop last week in Newsweek magazine, but in 
a subsequent interview Dorian has denied being linked to 
Bitcoin. And a long-dormant online forum account known to 
be used by the real Satoshi Nakamoto reactivated last week 
to post, “I am not Dorian Nakamoto”.

The telltale shape of censorship
Now we can snoop on the snoopers. Donn Morrison at the 
Norwegian University of Science and Technology in 
Trondheim created a social network simulation to model 
what happens when state censors delete swathes of posts. 
The missing content changed the network in a characteristic 
way, taking with it links between users that should arise 
naturally (arxiv.org/abs/1402.5310). Spotting this change 
could give activists early warning that the censors are active.

–Now both can pick apples–

“ In other words, the bionic 
trunk can now be trained  
to pluck anything from 
light bulbs to hazelnuts”
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Internet from on high
Just connecting people up won’t empower them, says Aviva Rutkin

WHAT will it take to get the developing 
world online in a meaningful way? 
Simply hooking people up to the 
internet may not be enough.

Last week, news emerged that 
Facebook will shell out $60 million  
for Titan Aerospace, a company in 
Moriarty, New Mexico, that builds  
high-altitude, solar-powered drones. 
Facebook intends to deploy the 
company’s Solara 60 craft to provide 
wireless internet access in remote 
areas. It follows on the heels of 
company founder Mark Zuckerberg’s 
announcement last year that he and 
other major tech firms plan to connect 
up “the next 5 billion people” through 
the internet.org partnership.

It’s a noble aim. People  who  
cannot use the internet are at a  
huge disadvantage when it comes to 
acquiring knowledge and skills. Some 
countries, such as France and Greece, 
have formally declared internet  
access to be a basic human right. 

But asking how people will get 
online – be it via drones or high-
altitude balloons, as Google’s Project 
Loon aims to do – may not be as 
important as asking how they can 
make the most of the internet once 
they are online.

“Providing access isn’t everything,” 
says Ken Banks, a software developer 
in Cambridge, UK, who builds mobile 
products to suit the needs of users in 
the developing world. “Clearly, anyone 
building any kind of service there 
needs to understand their end user, 
economically and socially. Quite often 
people charge ahead and build things 
that simply don’t work because they 
haven’t taken the time to do this.” 

One problem is whether users can 
take advantage of online commerce, 

given that in many parts of Africa, for 
example, people are unlikely to have a 
credit card, let alone a PayPal account 
or Bitcoin stash. In Kenya and 
Tanzania, a mobile payment system 
called M-Pesa has filled the gap. It 
allows people to store and exchange 
money using just their cellphones. 
However, most websites don’t allow 
you to pay with M-Pesa and are 
unaware of its very existence. 

Later this month, the World Wide 
Web Consortium will hold a workshop 

in Paris, France, to explore the issue. 
The goal is to find efficient and secure 
ways to make online payment 
available in the developing world.

“You can open the world of online 
commerce to these hundreds of 
millions of people in Africa, who have  
a way to pay online but cannot use it 
to access the merchant sites that 
exist,” says Stéphane Boyera, an 
information technology consultant 
and one of the workshop’s organisers.

In short, high-flying projects aren’t 
going to lift millions of people out of 
poverty without addressing the 
challenges that apply to them 
particularly. Only by involving local 
people can start-ups and innovation 
hubs build products that will ultimately 
make connectivity meaningful.

Kurtis Heimerl, a graduate student 
who works on technology for the 
developing world at the University of 
California, Berkeley, agrees. His team 
has built low-cost cellular towers in 
places like rural Papua New Guinea, 
and makes a point of holding 
community meetings to hear locals’ 
thoughts and ideas before proceeding. 
“You need to know the community 
you’re building for before you can build 
things for the community,” he says.  ■

“ Millions of people in Africa 
have a way to pay but 
cannot use it to access the 
merchant sites that exist”
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ALONGSIDE a canal in Amsterdam, 
architects are attempting to 
3D-print an entire house. If they are 
successful, it would be the world’s 
first ever 3D-printed building.

Local firm DUS Architects began 
work on the house earlier this year, 
and now curious passers-by can 
purchase a ticket for €2.50 to watch 
construction and help fund it. 

The company is using The 
KamerMaker (Dutch for “room-
maker”), a 3D printer that fits inside 
a 6-metre-high disused shipping 
container. It functions much like a 
desktop 3D printer, extruding hot 
plastic in successive layers. It has 
already been used to print smaller 
structures, including a bench. 

Each room will be printed 
separately as large blocks that slot 
together like Lego. The finished 
rooms can then be stacked on top of 
each other. The completed building 
should look like a traditional Dutch 
canal house, and will take three 
years to finish. It will be open to the 
public as a design museum, with 12 
rooms dedicated to different types 
of 3D-printed building research.

DUS may face issues when it 
scales up, says Stephen Ervin of  
the Harvard Fabrication Laboratory. 
“Things that work well on your 
desktop or your lab suddenly don’t 
work well when they’re bigger,” he 
says.  Aviva Rutkin  ■

INSIGHT Online access for all Watch as world’s 
first 3D-printed 
house appears

–Will surfing really take us places?–
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Cuteness, weaponised
WITH their massive eyes, tarsiers are high on 
most people’s cute list. But extreme cuteness 
comes at a price. The eyes are so big that each 
eyeball, at 16 millimetres in diameter, takes up  
the same volume as the entire brain. The skull is 
madly shaped to accommodate this arrangement, 
and the eyes themselves are so big they can’t 
move. If the creature wants to look somewhere, 
the entire head moves instead – it can rotate,  
owl-like, through 180 degrees. 

This one – a spectral tarsier (Tarsius tarsier) – 
lives in Tangkoko National Park in North Sulawesi, 
Indonesia. As nocturnal hunters, their hearing  
is as good as their vision, and they are the only 
primate to communicate in ultrasound. They are 
partial to insects, happily tackling and eating 
grasshoppers and beetles half their size.  
At rest they are only 9 centimetres tall – the 
shortest primate in the world. But their legs are 
monstrously long, the result of an extension of 
the tarsal bones in the foot that allows them to 
leap up to 6 metres. They might be primitive on the 
primate family tree, but they are still pretty cool. 

 Jürgen Freund, who is based in Cairns, Australia, 
says you never get much time with tarsiers. “It 
was always a short photo session as they would 
bounce away into the forest in no time,” he says. 
Freund got up at 3.30 am to get this shot. 

Oh yes, and there are the “toilet fingers”. These 
are specially adapted claws for scratching in those 
hard-to-reach places. Cute.  Rowan Hooper

Photographer 
Jürgen Freund  naturepl.com  
juergenfreund.com
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OPINION

The real cost of ‘green crap’
Rising energy bills don’t mean we should give up on cutting our 
carbon emissions. Quite the opposite, says Reg Platt

CLEAN or cheap? That, 
increasingly, is the choice  
that energy consumers are 
confronting. And the decision 
often looks simple. As bills  
rise remorselessly, tackling 
carbon pollution gets cast as  
an unaffordable luxury.

It is not: energy can be both 
clean and cheap.

The main battleground of the 
supposed conflict between cheap 
and clean energy is in Europe. In 
September 2013, nine of Europe’s 
biggest utility companies warned 
that the expansion of renewable 
energy – supported by 
“overgenerous subsidies” – was 
putting the continent’s energy 
security at risk. In Germany, some 
of the subsidies that underpin the 
country’s ambitious renewables 
programme are due to be cut 
because of concerns about costs.

In the UK, the issue was 
catapulted to the top of the 
political agenda last year when 
opposition leader Ed Miliband 
promised to freeze energy bills 
for 15 months if elected in 2015. 
Politicians from all parties are now 
focused on the issue as next year’s 
general election approaches.

Their focus on energy costs is 
not surprising because, as surveys 
show, the electorate has noticed 
that bills keep rising. In the UK 
in 2003, the average household 
spent 1.8 per cent of its income on 
gas and electricity. Last year that 
rose to 3.1 per cent. Between 2004 
and 2011, the UK’s average annual 
household energy bill went up by 
£360 to £970.

The main reason for these 
soaring prices is higher wholesale 
gas costs; they were responsible 

for 62 per cent of the rise from 
2004. Clean energy policies were 
responsible for just 10 per cent of 
the rise. But that hasn’t stopped 
green policies taking the blame. 
For instance, the prime minister 
David Cameron was recently 
reported as saying he wanted  
to “get rid of the green crap” on 
energy bills in order to bring  
them down. Following this his 
government scaled back a policy 
that helps people improve the 
energy efficiency of their houses.

The problem is only going to 
get worse. Eradicating carbon 
pollution by replacing coal and 
gas with low-carbon energy 
sources, such as wind farms 
and nuclear power stations, is 

expensive. By 2020, UK bill payers 
are set to fork out £7.6 billion a 
year in “green levies”, which 
will be added to their gas and 
electricity bills to subsidise low-
carbon power generation.

That figure will increase 
substantially into the 2020s as 
more low-carbon generators  
come online. It is by no means 
clear that bill payers will accept 
paying these escalating costs.

We clearly need a new, lower-
cost route to clean energy if 
consumers are to stay the course. 

The answer is to invest more 
money and effort in reducing 
and managing consumers’ 
energy demand. To understand 
why this is the case, Europe can 
look to approaches being 
pioneered in the US.

An overriding reason to reduce 
demand is that if less energy is 
used, less carbon is released into 
the atmosphere. After all, the 
cleanest energy is energy that 
isn’t used. But it is the “double 
dividend” that consumers gain 
from using less energy that makes 
it such an attractive approach.

First, if consumers use less 
energy, not only do they pollute 
less, they also pay lower bills. 
Second, if consumers en masse 
use less energy, fewer low-carbon 
power stations need building, 
which means fewer subsidy costs 
must be passed on to bills.

California has shown the way 
by taking account of these twin 
benefits in the design of its 
energy policies. The benefits 
can be substantial.

Research by my organisation, 
the Institute for Public Policy 
Research, shows that if UK 
consumers were to buy high-
efficiency electrical appliances, 
by 2030, low-carbon subsidy costs 
would drop by £1.8 billion a year 
in today’s prices. At the same 
time, lower energy use would 
cause their bills to fall by £2 billion 
a year in total.

Another way to get clean energy 
while keeping bills down is to 
better manage electricity demand.

At certain times of day there  
are peaks in electricity use, for 
example during the evening  
when people return home from 

“By 2020, UK bill payers are 
set to fork out £7.6 billion a 
year in green levies added 
to their energy bills”
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The man who loved fossils
David Kohls collected more than 250,000 fossils over 20 years. 
To enable new discoveries, he donated them all to research

PROFILE
David Kohls is an amateur palaeontologist based 
in Battlement Mesa, Colorado. He gave thousands 
of fossils to the Smithsonian and the University  
of Colorado. An ancient cockroach was recently 
discovered in his collection, and named after him

What inspired your interest in fossils?
I grew up in Kansas, near a place called Elmo,  
the site of some of the most spectacular, large 
insect fossils ever found. There was talk around 
the dinner table about those fantastic fossils. 
Maybe subliminally it just stuck with me. 

How did you get started collecting?
I was working as an administrator at the campus 
of Colorado Mountain College in Rifle, and hired  
a scientist named Bob Koper. To keep my own 
teaching certificate current, I took his geology 
class in 1991. During a field trip I found my first 
fossil – little worm burrows and some shells. That 
lit a fire in me that just would not quit.

How did you pursue this new-found passion? 
I started searching locally for fossils, and soon 
found out that I had some of the greatest 
resources for fossil insects and materials in  
the world nearby. It was like living right in the 
middle of a sugar bowl, and you’re the ant.

So I looked at geological maps and got 

permission to access places where I thought 
fossils would be. I established 11 collecting spots 
and gave them all names, like Claudia’s place,  
after my wife. The main area was basically a lake 
bottom that had accumulated over time and 
formed a 1000-foot-thick wall. I’d stand there at 
the face and pick off naturally weathered, thin 
pieces of shale, as small as a fingernail or as big as 
a dinner plate. Sometimes I’d collect 300 to 500 
pieces. I spent just about all my free time doing it.

How many fossils did you collect altogether 
and where are they now?
I have about 30,000 pieces at the Smithsonian, 
and about 48,000 pieces at the University of 
Colorado. But on each piece there could be four 
specimens, so if you do the math, that’s more 
than a quarter of a million individual specimens. 

Did you get any training – or help? 
All of these things were new, self-taught and self-
funded. But I did have some guidance. I found out 
that palaeo-entomologists are more than willing 
to help an amateur such as myself.

One thing that has been said in favour of these 
collections is that they’re unbiased. Everything I 
came across, plant or insect, I kept, so the science 
people can now go back and get a better picture 
of how things were 50 million years ago. I think 
there will be multiple PhD dissertations and 
master’s papers written, and discoveries made. 

One discovery is an ancient cockroach which 
was named after you. Were you pleased? 
Of course, I’m honoured that someone would be so 
kind as to name anything at all after me. But the 
most important thing is the fact that people are 
studying the material and making identifications.

Why did you donate your collection rather 
than keep or sell it? 
I never thought about selling it, that was the last 
thing I ever wanted to happen. I felt I had to 
donate the collection to science so someone 
could do something with it. That kept me moving. 
Interview by Rachel Nuwer

work and watch television. 
During these times, the most 
costly sources of generation come 
into use, which increases the 
amount paid for all of the other 
electricity being generated at the 
time. This means that peaks in 
demand add large costs on to bills. 

One estimate is that, in the US, 
as much as 20 per cent of the total 
cost of providing electricity in  
a year comes from just 4 days’ 
worth of peak demand.

To limit the cost of peaks 
in demand, some US utility 
companies now pay their 
customers not to use energy at  
the same time as everybody else. 
In a similar way to reducing 
demand, this approach produces 
a double dividend: the cost of  
the energy that consumers buy  
is reduced, and they also benefit 
from the incentives on offer.

This novel approach is 
made possible because of new 
technologies. For example, one 
company, Nest in Palo Alto, 
California, offers a service in 
which air conditioning is turned 
down automatically so that its 
owner can benefit from incentives 
when they are available. Google 
acquired Nest for $3.2 billion in 
January. We can expect to see 
more technological innovation  
in this space.

It is clear, then, that clean 
energy policies do not need to 
be sacrificed on the altar of 
affordability. Reducing and 
better managing demand can 
bring down bills and make the 
transition to clean energy far 
more affordable. European 
policy-makers should get 
behind this approach.

No one ever said that tackling 
climate change would be a free 
ride. But reducing demand and 
managing it better is the cleanest 
and cheapest energy approach 
there is, and we should make the 
most of it.  ■

Reg Platt is a senior research fellow  
at the Institute for Public Policy 
Research in London. Follow him on 
Twitter @regplatt
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You’re working to create an international 
climate change agreement. Where do the 
negotiations stand?
We’re on a straight path toward an agreement 
in Paris in December 2015. In May 2015 the 
draft agreement needs to go out to every 
government. This is not a small contract. This 
really is the basis for a global transformation 
the likes of which the world has never seen. But 
at the same time we have to keep our focus on 
2014 as the year when most of the work needs to 
be done, and when we build people’s confidence 
that we can move to a low-carbon economy. 

What has changed since the UN climate  
change summit in Copenhagen in 2009?
I think the fundamental problem we had in 
Copenhagen was a lack of confidence in each 
other’s ability to do anything. That has 
changed. Now over 60 countries have climate 
legislation. We have a total of 500 climate laws 
that cover about 90 per cent of emissions. 
There is a sense of “yes, we want to do this”, 
and perhaps more importantly, “yes, we can 
do this”. The private sector is doing the same. 
Investments are beginning to shift. We have 
$1 trillion in renewable energy. It’s not enough, 
but it’s moving in the right direction. 

The 2015 deal will include national pledges to 
cut emissions by 2020. Will that be enough to 
keep warming below the limit of 2 °C?
No. That’s why it’s important that the global 
treaty sets out how we get to carbon neutrality 
by the second half of the century. In a perfect 
world global emissions would have peaked 
already. In a semi-perfect world we will peak 
on 31 December 2020. The fact is, that’s going 
to be difficult. We know that it’s going to get 
more and more expensive the longer we delay. 

We will have to invest more, and in more 
expensive technologies. It’s very much about 
balance between time and ultimate cost.

What technologies should we prioritise?
We have most of the technologies that we 
need. But the price needs to come down. The 
fact that solar has gone down 80 per cent since 
2008 is astonishing. Wind is perhaps not 
coming down as quickly. Lack of storage – 
batteries – is a bottleneck. That makes it very 
difficult to put large amounts of renewable 
energy on the grid. The US military is investing 
in new storage technology because most of the 
weight that soldiers carry on their backs is 
batteries. Once that gets developed for the 
military, it will be expanded to civilians.

The technology that still has a big question 
mark is carbon capture and storage. It is only 
with marketable CCS that we will be able to  
use the fossil fuels that we need. Storage and 
CCS would be my top two choices for 
technology investment.

The military, politicians, businesses, climate 
scientists – everyone agrees something needs 
to be done. You say there is movement but...
Why isn’t it happening fast enough? Obviously, 
that’s my frustration. But there’s a difference 
between this global transformation and many 
others: when we went from the horse and 
buggy to the internal combustion engine, 
there was no alarm clock. This transformation 
is larger than anything we’ve ever done, and 
an alarm clock is ticking in our faces.

Your job is one of the most intractable on  
the planet. Where do you even begin?
Well, first, you can’t get overwhelmed by it. It’s 
a matter of setting the stage for conversations 

to occur, building confidence, recognising 
progress and continually setting the next 
milestone. It’s not much different to having 
children. You can rear them in an antagonistic 
environment or in a facilitative one with a 
good combination of love and discipline.  
It’s about supporting them, and recognising 
achievements and contributions, but also 
saying, “that’s fantastic but it’s not enough, 
here’s the next thing”. Honestly, what was my 
best training for this job? Being a mother.

Can we really get to carbon neutrality  
by the second half of the century?
Yes. Right now, we’re still pushing the ball 

PROFILE
Christiana Figueres is 
the executive secretary 
of the UN Framework 
Convention on Climate 
Change. She took on the 
role in 2010 after the 
much-criticised climate 
talks in Copenhagen, 
Denmark, in 2009

OPINION  INTERVIEW

Building a new world
Christiana Figueres has the unenviable task of getting  
194 governments to sign a deal that will stop global warming.  
She tells Catherine Brahic why she thinks we can do it
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uphill. We have to get to the point where each 
individual, each corporation, each community 
chooses low carbon, because it makes 
fundamental sense. It should become a no-
brainer. No architect should design buildings 
that import a huge amount of energy. Each 
building should produce as least as much 
energy as it’s going to need, and have more to 
put on the grid. They should be using all of the 
natural light and natural heat. We shouldn’t 
have stupid cars that use liquid fossil fuels. 
Come on, how outmoded is that? We have to 
get to the point where this is no longer a part 
of our experience. You will live to see that.  
I hope I will also. How old are you?

I’m 36.
I’m 57. By the time you’re my age, carbon 
neutrality is going to be so standardised that 
you will look at anything that is not carbon 
neutral and go, “where the hell did that 
monster come from?” It’s exciting.

What is your experience of the fossil  
fuel companies?
It’s understandable that they’re having 
existential panic attacks. It’s not just the 
exploration platforms they have, it’s the rights 
they paid for future exploration. At the same 
time, they understand that we are at this 
moment in history, and that they’d better get 

on board because they don’t have an option.  
I see fossil fuel companies that are investing 
some of their profits into renewable energy 
R&D and efficiency.

Many people see that as greenwashing.
It’s not greenwashing. It’s a new business  
for them. They’re not touting it, they’re doing 
it very, very discreetly, because they need  
to understand what that business is first. 
These companies can really make a huge 
difference to the scale, speed and timing with 
which we engage in this transformation. 
Honestly, it is very much in their hands.  
I am very hopeful that French oil company 
Total is going to come out with a leadership 
position this year. 

You have pointed out that other businesses are 
already voluntarily making green choices.
Apple is a fantastic example. Their CEO Tim 
Cook was criticised for investing too much in 

renewables when that is not Apple’s main 
business. He retorted with something like:  
“If you’re a shareholder and you don’t like this 
policy, get out of my shares.” That’s a tipping 
point. It’s a completely new discussion.

Ordinary people seem to be disengaging from 
the problem, do you worry about that?
The fact is, when you talk to people, they know 
that something weird is going on, particularly 
people who are connected to the land or the 
water. They can see it. What perhaps is not so 
evident to them, unfortunately, is what the 
solution is. But whether they call it climate 
change or not, it doesn’t matter. The point is, 
they can see there’s something fundamentally 
weird going on here.

Some say tackling climate change is utopian.
It’s not. Would you have said “utopian speech” 
to Martin Luther King? When you have a 
vision of where you need to go, it sounds 
utopian. But when you get to the tipping 
point, your understanding switches. We’re 
going to get to the point where we ask how the 
hell we put up with high carbon for so many 
years. You thank your lucky stars, because you 
are seeing this transformation in your 
lifetime. You are going to tell your children 
and your grandchildren you saw this whole 
thing in front of your eyes.  ■
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“ We shouldn’t have stupid 
cars that use fossil fuels. 
How outmoded is that?”

For more opinion articles, visit newscientist.com/opinion
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Coal clarification
From Harry Bradbury, Dermot 
Roddy and Paul Younger,  
Five-Quarter
Fred Pearce’s article on 
underground coal gasification  
(15 February, p 36) misrepresents 
both the science and the words  
of explanation given by three of 
the directors of UK energy firm 
Five-Quarter on its method of 
obtaining unconventional 
gas from rocks.

Five-Quarter’s process – called 
“deep gas winning” – involves 
different chemical processes from 
the endless references to “burning 
coal” – namely partial-oxidation 
and pyrolysis, gasifying both coal 
and the kerogen in the 
surrounding rock within a 
carefully-created finite chamber, 
with all gases captured and none 
released to the atmosphere.

Pearce quotes Bradbury on  
the subject of underground coal, 
saying: “We want to burn it where 
it sits to revive industry.” We did 
not use and would never use the 
term “burn”. Burning coal would 
be a wasteful, dangerous and 
pointless use of this complex and 
valuable energy source, as was 
clearly pointed out.
Newcastle upon Tyne, UK

Pain threshold
From Anna Di Cosmo,  
University of Naples
Your feature on whether 
invertebrates feel pain  
(22 February, p 38) captured my 
attention, as my research has 
focused on cephalopods. Our 
knowledge of the neural pathways 
that underlie behaviour has 
allowed us to search for the site  
of pain in these animals, but it  
is still unclear. 

Recent changes in European 
animal welfare legislation now 
class cephalopods as sentient 
beings, and animals used for 
experimental purposes need to  
be suitably anaesthetised 
beforehand. For the most part, 

previous attempts have not 
produced true anaesthesia in the 
cephalopods. Several workers 
have used muscle relaxants or 
simple hypothermia under the 
name “anaesthesia”. This 
approach is no longer adequate.

We urgently need to clarify 
anaesthetic procedures for 
cephalopods, and our laboratory 
was chosen by the Italian 
scientific ethics committee for 
animal experimentation (CESA)  
to develop these for the benefit of 
researchers working on 
cephalopods around the world. 
Our protocol for anaesthetising 
Octopus vulgaris using inhaled 
anaesthetic is now under review 
for publication.
Naples, Italy

From Bob Muirhead
Research into whether 
invertebrates feel pain is 
worthwhile, but misses the bigger 
point. They are living creatures 
that should be handled with 
respect and sympathy, even if it 
turns out that they don’t feel pain.
Port Melbourne, Australia 

Hot air

From Clive Semmens
I find the frequent puffing of  
the fusion power dream very 
depressing (15 February, p 11).  
We get these optimistic 
announcements of “getting 
there” at intervals, as we have for 
decades. Even if one day scientists 
really manage to make a fusion 
reactor work – and I have to admit 
to being very sceptical about even 

that – where is the tritium going 
to come from? You might be able 
to manufacture some of it in a 
lithium blanket around the 
reactor, but there is no way that 
this could produce enough. It 
would need a supplementary 
supply from a very large number 
of fission reactors. 

Michael Dittmar, a particle 
physicist at the Swiss Federal 
Institute of Technology in Zurich, 
was quoted as saying: “In this 
chain reaction, you cannot lose a 
single neutron, otherwise the 
reaction stops. The first thing one 
should do [before building a 
reactor] is to show that the tritium 
production can function. It is 
pretty obvious that this is 
completely out of the question.”

Fusion? Great fun and lovely 
salaries for the scientists and 
engineers involved, but a practical 
source of energy? No chance.
Ely, Cambridgeshire, UK

Sea power
From Brian Wood
I was delighted to see your report 
on generating power from ocean 
heat exchanges (1 March, p 48).  
However, I was disappointed to 
see the warmed, nutrient-rich 
water from below the thermocline 
described in terms of unwanted 
algal blooms. This water should  
be compared with the natural 
upwelling caused by deep ocean 
currents which results in 
important fisheries, such as  
those off western South America. 
The balanced nutrient input from 
deep ocean water can create 
phytoplankton growth and 
support a full food web. Since it is 
a by-product of the power station, 
it must also be cheaper and less 
controversial than enriching the 
open ocean with iron.
Lenzie, East Dunbartonshire, UK

From Martin J. Greenwood
As a cynical retired engineer, I note 
the lack of any discussion of the 
major issue that bedevils all active 
structures in the ocean. Growth of 

marine organisms on and in the 
pipes, pumps and heat exchangers 
will rapidly reduce heat transfer 
efficiencies and require regular 
costly maintenance. 

At an onshore gas processing 
plant of my acquaintance, 
emergency pumps draw in 
seawater to fight fires (fortunately 
seldom needed). On one routine 
test, the pumps were found to be 
inoperable, blocked solid by 
mussels that had grown in 
the inlet pipe.
Stirling, Western Australia

Liquid assets
From John Lowe
I quickly became indignant at your 
leader (22 February, p 5) implying 
that UK flood defences cannot be 
given any priority because they 
would cost unspecified large 
amounts of money. Reading 
further, your special report (p 8) 
puts the figure of £500 million 
over four years as a requisite. 

Compare this with the oft-
quoted £30 billion for the planned 
high-speed rail link HS2, which has 
a habit of gaining a round number 
of billions depending on which 
publication you read. It seems to 
me that we would do much better 
to scrap this white elephant and 
spend money on other 
infrastructure, of which flood 
defences are an important part.
Chesham, Buckinghamshire, UK

From Michael Bailey
Adam Corner writes that 
“definitive proof that this weather 
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is the result of climate change is 
currently beyond us” (22 February, 
p 28). As a retired statistician, this 
“currently” worries me more than 
a little. How can we ever 
definitively prove a single weather 
episode was caused by anything?

If my uncle Bill died of lung 
cancer after smoking 60 
cigarettes a day for 40 years,  
we can’t say that the cigarettes 
caused his cancer. What we can 
definitely say is that smoking 
raises the probability of getting 
lung cancer. 

It seems that many people 
can’t, or won’t, accept that much 
of our scientific knowledge is 
about probabilities. We’re as 
certain of climate change raising 
the probability of extreme 
weather events as we will ever be.
Uki, New South Wales, Australia

Drug-free danger
From Andrew Thomas
As a practising mental health 
nurse, I found Clare Wilson’s 
article on treating schizophrenia 
(8 February, p 32) interesting on  
a theoretical level, but less 
insightful about the practicalities 
of patient management. 

While the Mental Health Act 
can impose seemingly draconian 
treatment on individuals, 
experience tells us that patients 
who do not take their 
antipsychotic medication can 
quickly enter a florid psychotic 
phase and become a considerable 
danger to others. The recent case 
of Nicola Edgington, who attacked 
two strangers during a psychotic 
breakdown, sadly attests to this. 
Wrexham, Clwyd, UK

Visible spectrum  
From Alan C. Larman
Your item on ultraviolet vision  
(22 February, p 7) reminded me of 
the time I discovered I could see a 
little way into the ultraviolet.

In my first year at university, we 
were measuring the wavelengths 

of the spectral lines in the 
potassium vapour spectrum.  
I was taking much longer than  
the rest of the group, so the tutor 
came over to see why. He looked  
at my results and exclaimed,  
“You can’t see those!” So I lined  
up the spectroscope on three of 
the lines while he checked the 
textbook. “You’re right,” he 
admitted. “You’re seeing 
ultraviolet.”  

In a long and very varied  
career since then, I have had many 
opportunities to check, and I can 
definitely see a short distance into 
the ultraviolet. It would be 
interesting to know if any other 
New Scientist readers can do this.  
I have met only two other people 
who have this ability. 
Congleton, Cheshire, UK

Love potion
There is clear value in being  
able to fix a broken heart  
(15 February, p 26), especially for 
the battered spouse. At the same 
time, how about developing an 
elixir for those whose genes or 
upbringing, or both, has left them 
unable to love. Abused children, 
orphans, and some reoffending 
criminals might all benefit. 

I have the misfortune to be  
a victim of the health reformer 
Truby King’s “little-soldiers-for-
the-Empire” school of childcare: 
changed and fed to a rigid 4-hour 
schedule and put back in my  
pram in the garden, cuddles 
strictly forbidden. Now over  
70, with spouse, children and 

grandchildren, I have never 
experienced romantic love –  
some lust certainly, an occasional 
attraction, but definitely no 
attachment. I cannot be alone  
in feeling a love philtre is  
long overdue.
Name and address supplied

Plant food
From Roderick Bieleski
Your article on the faeces-trapping 
plant Nepenthes (1 February, p 43) 
was fascinating, but I have a 
quibble. When I visited the 
padang of Bako National Park in 
Borneo some years ago, I saw 
vegetation rich in four different 
types of insectivorous plants 
(Nepenthes, Drosera, 
myrmecophytes, Utricularia) 
growing on the sandy soil. But 
rather than a vegetation driven by 
nitrogen scarcity, what I saw when 
I looked out over the Kerangas 
forest was a place dominated by 
phosphorus deficiency.  

While plants have worked out at 
least three different strategies for 
nitrogen-fixing symbioses, there 
is no comparable work-around for 
phosphorus. All of the behaviour 
of insectivorous plants fits a need 
to acquire phosphorus and a way 
of doing so just as much as it does 
for nitrogen. Maybe one day 
someone will take a look, and I bet 
that phosphorus will be found to 
be the key to plant carnivory, with 
nitrogen nutrition just a 
secondary player.
Stanley Point, Auckland,  
New Zealand

Wild woods
From Duncan Stone
A key question on returning 
environments to their wild state  
is to what are we comparing these 
environments (1 March, p 40)? 
There is a tendency to compare 
novel alternatives with an 
idealised natural or native 
ecosystem. However, especially  
in terms of long-lived species, the 

impacts of environmental  
change are likely to reshape the 
ecosystem with what we might 
term non-native climate,  
weather, pests and pathogens. 

Thus, arguing against 
modifying the composition of 
ecosystems because of the danger 
of unforeseen problems needs to 
be set against the risk of 
unforeseen problems affecting 
our native status quo. We should 
not assume that novel is risky and 
native is safe – rather that novel 
and native both have risks that 
need to be taken into account.
Inverness, Highland, UK

Hard to stomach 
From John Davies
Your special report on faecal 
transplants (1 March, p 10) 
mentioned “a nasogastric tube, 
which runs from the nose down 
through the stomach and into the 
colon”. Having swallowed jejunal 
tubes to access the upper part of 
the small intestine, I can tell you 
that passing an oral or nasal tube 
that could reach the colon would 
need to be another 6 metres long, 
and a task of Sisyphean 
magnitude to pass!
Lancaster, UK

For the record
■  Our article on the Wikipedia-sized 
mathematics proof (22 February, p 11) 
suffered a rogue edit: the researcher’s 
name is Boris Konev.
■  We got turned around when locating 
parts of the brain (8 February, p 38). 
Broca’s and Wernicke’s areas are 
typically found on the left hemisphere. 

Letters should be sent to:  
Letters to the Editor, New Scientist,  
84 Theobald’s Road, London WC1X 8NS 
Fax: +44 (0) 20 7611 1280 
Email: letters@newscientist.com 

Include your full postal address and telephone 
number, and a reference (issue, page number, title) 
to articles. We reserve the right to edit letters.  
Reed Business Information reserves the right to  
use any submissions sent to the letters column of  
New Scientist magazine, in any other format.
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IT’S happening again. My heart starts 
pounding and my pulse races. I can feel my 
face flush and my palms start to sweat. It is 

all I can do to prevent myself from breaking 
into a full-blown panic attack. And yet I’m  
not in any real danger. I’m just at the top of an 
escalator, making my way down to a London 
Underground rail platform, along with 
hundreds of other Londoners who don’t seem 
phased in the slightest – but the sight of the 
drop below me is the stuff of my nightmares. 

This scenario will sound familiar to the 
many other people with phobias. All it takes is 
a worrying thought or glimpse – whether of a 
steep drop or a spider’s web – for the mind and 
body to race into panicked overdrive. These 
fears are difficult to conquer, largely because 
the best way of getting over a phobia is to 
expose yourself to your fear many times over.  

But there may be a short cut. Drugs that 
work to boost learning may help someone 
with a phobia to “detrain their brain”, losing 
the fearful associations that fuel their panic. 
This approach is also showing promise for a 
host of other problems – from chemical and 
gambling addictions to obsessive nail-biting. 
In a bid to find out if it really works, I head to 
West Virginia to take part in a trial. 

The brain’s extraordinary ability to pick  
up new memories and forge associations is  
so well celebrated that its dark side is often 
neglected. In the case of a phobia, it may have 
been an unpleasant experience that once 
triggered a panicked response to spiders,  
mice or, for me, heights, leading the feelings  
to resurge whenever we see the relevant cue. 
Former drug addicts have similarly learned 
responses when they see something that 
reminds them of their habit: the sight of 
rolled-up bank notes for a cocaine user,  
for instance. 

So how do we overcome such deep-seated 
associations? One answer is exposure therapy, 
a treatment primarily used to deal with 
anxiety and phobias. In those initial studies, 
people gradually expose themselves to 
increasingly anxiety-triggering situations – 
called a “fear hierarchy” – until they feel at 
ease with them. In my case, that would involve 
scaling a series of ever greater heights. As the 
individual becomes more comfortable with 
each situation, they create a new memory – 
one that links the cue with reduced feelings  
of anxiety, rather than the sensations that 
mark the onset of a panic attack. This process 
is called extinction learning.

Unfortunately, while it is relatively easy to 
create a fear-based memory, expunging that 
fear is pretty hard work. Each of those 
exposure trials will probably involve a great 
deal of stress and anxiety, leading some 
psychotherapists to conclude that the 
treatment is unethical. 

For that reason, neuroscientists have been 
looking for new ways to speed up extinction 
learning. One such avenue is the use of 
“cognitive enhancers”. One of the most 
promising contenders is an antibiotic 
originally used to treat tuberculosis. Apart 
from its action on germs, D-cycloserine, or 
DCS, also acts on neurons. The drug slots into 
part of the “NMDA receptor” – a site that seems 
to modulate the neurons’ ability to adjust 
their signalling in response to events. This 
tuning of a neuron’s firing is thought to be  
one of the key ways the brain stores memories, 
and at very low doses, DCS appears to boost 
that process, improving our ability to learn. 

In 2004, Kerry Ressler at Emory University 
in Atlanta, Georgia, and his colleagues were 
among the first teams to test whether DCS 
could also help people with phobias. They 
performed a pilot trial on 28 people undergoing 
exposure therapy for acrophobia – a fear of 
heights. Sure enough, they found that those 
given a small amount of DCS alongside their 
therapy were able to reduce their phobia to  
a greater extent than those given a placebo. 
Since then, other groups have replicated the 
finding in many more trials.  

Future research may show ways to refine 
the method still further. It still takes a long 
time to accomplish even one of the steps on  
a person’s fear hierarchy, says Cristian Sirbu,  
a behavioural scientist and psychologist at 
West Virginia University in Charleston. “You 

... or banish your addictions with the help of 
memory-boosting pills. Jessica Hamzelou faces 
her own phobia to find out more
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end up with a patient feeling that they failed,” 
he says. Instead, he thinks that DCS may make 
it possible to tackle the problem in a single 
3-hour session, which is long enough  
to make real headway and end with a feeling  
of satisfaction. To find out if Sirbu’s approach 
could work for me and others like me, and if  
a dose of DCS could boost the effects, I landed 
in Charleston to take part in a trial. 

The trial started with a battery of tests. To 
get a good handle on my phobia, Sirbu and his 
colleague interviewed me before giving me 
some physical tests. First, the pair hooked  
me up to electrodes to measure my heart rate 
and fingertip sweatiness, before sitting me in 
front of a video of a pair of gardeners walking 
around a rose garden, discussing its merits. 
The team were trying to get an idea of how my 
body functioned in a relaxed state, before we 
moved on to actual heights. 

With the electrodes still attached, I was 
asked to approach a second-storey balcony. 
The team recorded increases in heart rate  
and sweating as I started to panic – business  
as usual for me.

The exciting part of the study kicked off  
a week later, when I am given a tablet to 
swallow – I don’t know whether it is DCS  
or merely a sugar pill – before starting my 
3-hour therapy session. The therapy itself is  
a gruelling experience to say the least. After 
walking down a windowed corridor on the 
fifth floor of a building, Sirbu and I head to the 
hospital’s stairwell. With a huge visible drop to 
one side of me, it is terrifying. Our voices echo 
and I try to focus on the dust bunnies lying on 
each step. But after an exhausting 3 hours I 
start to have a full-blown panic attack which 
prevents me from reaching Sirbu’s goal of 
climbing two floors up the staircase. 

Rewrite or delete
What went wrong? Phobias come in different 
flavours, and more intense fears can take more 
work to overcome. Because I needed another 
session, Sirbu pulled me out of the clinical trial. 
He then tells me that I had taken the active 
drug, not the placebo. It is a disappointing 
result, particularly after hearing about Sirbu’s 
promising results with other trial participants, 
all of whom experienced some kind of benefit 
from the session, he tells me. 

Ultimately, trying to erase a fear response  
in a single trial may just be too ambitious for 
someone with a phobia as extreme as mine. 
What is more Merel Kindt, who studies 
anxiety disorders at the University of 
Amsterdam in the Netherlands, is sceptical 

that its benefits would last. She points out  
that although Sirbu’s approach attempts to  
lay down calmer associations, it doesn’t 
directly undo the fearful response that is also 
embedded in our memories, so there’s always 
a chance to relapse. Indeed, since the therapy 
had failed while I took the cognitive enhancer, 
I am concerned that I may have instead laid 
down even more stressful memories – a 
potential problem with the method that has 
troubled some researchers.

But there may be another way. Rather  
than simply trying to overlay the fearful 
associations with a new one, Kindt is instead 
trying to alter them at their source. To do so, 
her method targets an entirely different 
pathway from the trials using DCS. It is based 
on the idea that every time we access a 
memory, be it of a specific recollection or a 
learned reaction, we temporarily put it in a 
fragile state. Normally, the updated memory  
is then re-consolidated by the formation  
of new proteins that make the necessary 
synaptic changes, and if stress hormones like 
adrenaline are washing around the body – as  
is often the case during the fearful reactions  
of someone gripped by a phobia – the original 
memory’s emotional force is maintained.  
But a beta-blocker drug called propranolol  
can block the adrenaline from binding to the 

neurons, which Kindt hopes will interfere  
with the process to stop the emotional trauma 
associated with the cue from being reinforced.  
“We don’t erase the memory, but we can erase 
the learned fear response,” she says. A similar 
approach is already in clinical trials to soothe 
the fearful flashbacks that haunt people with 
post-traumatic stress disorder. 

Kindt’s team is currently testing its 
effectiveness with arachnophobia – by giving 
people propranolol while they look at spiders, 
for example. “It’s very successful,” she claims. 
“The participants said they still didn’t like 
spiders, but they were able to approach a 
tarantula.” Kindt, who is preparing the findings 
for publication, says the benefit was still there 
when she checked three months later. 

As the work to treat phobias gains 
momentum, others are looking at whether the 
same strategies could work with addictions. 
After all, phobias and addictions share some 
similarities. “They are both habitual, 
emotional, reflexive responses,” says Ressler. 

Here, the idea is to expose a person to a 
“trigger environment” associated with taking a 
drug. That might be the sight of a cigarette for 
instance. But in therapy sessions, the individual 
isn’t allowed their substance of choice, leading 
them to learn how to resist the urge. 

Elizabeth Santa Ana, now at the Medical 
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University of South Carolina in Charleston, 
has tested whether DCS could boost this 
method, using a group of smokers. “People 
would sit in a room with a packet of their 
favourite cigarettes, take a cigarette and hold 
it up to their mouth, but not smoke it,” she 
says. At the same time, Santa Ana taught them 
coping skills, and encouraged them with 
guided imagery. “For example, I would ask 
them to imagine having tar all over their 
bodies, and then imagine being able to breathe 
freely once they’d stopped smoking,” she says.

Forgotten cravings
In the group of 25 participants, 13 were given  
a small dose of DCS during their time in the 
lab, while the rest took a placebo. For the 
preliminary study, the team did not ask the 
participants to give up smoking. Instead, they 
measured the smokers’ cravings a week after 
the therapy – by asking them how great an 
urge to smoke they felt, and measuring how 
much they sweated when faced with a 
cigarette they were not supposed to light. 

The team found that people who had been 
given a dose of DCS exhibited a reduced 
sweating response to smoking cues, and also 
reported a lower desire to smoke. “There were 
both objective and subjective differences 
between the two groups,” says Santa Ana. 
“They were promising findings.” 

Clearly, it will take more trials to find out  
if the approach actually helps people quit 
smoking for good. In any case, it looks likely 
that other strategies would be needed to 
extinguish cravings for other drugs; trials of 
cocaine-addicted people using DCS did not 
report reduced desire for a hit, for instance. 

Propranolol – the beta-blocker that Kindt 
was using to “destabilise” the learned responses 
of people with arachnophobia – may be more 
fruitful. In a study last year, 50 people addicted 
to cocaine watched videos of people taking  
the drug. Half of the group had been given a  
small dose of propranolol immediately after 
watching the films. A day later, they were 
asked to watch the films again, but they 
reported that the intensity of their cravings 
had fallen significantly more than the  
control group. The participants also showed  
a reduced physiological response to the cues. 
With more sessions, it may therefore be 
possible to cut the long-term risk of relapse.

One of the reasons that addictive cravings 
are particularly difficult to target is that the 
addictions themselves can make long-lasting 
changes to brain chemistry. When people 
hooked on drugs like cocaine attempt to 
withdraw from the substance, they experience 
a drop in brain levels of glutamate – a 
neurotransmitter that acts to fire up neurons. 
This imbalance damages communication 
between the decision-making prefrontal 
cortex, and the nucleus accumbens – the 
region involved in pleasure-seeking and 
reward-learning, potentially explaining why 
people with addictions find it so difficult to 
develop the neural pathways necessary to 
reverse their habits and control their cravings.

For this reason, some teams are turning to 
supplements like n-acetyl cysteine (NAC), 
which seems to help return levels of glutamate 
to their normal levels. So far, NAC has shown 
promise in studies that reversed the drug-
seeking behaviours of rats addicted to cocaine 
and heroin. In addition, a series of small trials 
has shown that NAC also reduces craving in 

people who are still using cocaine. People  
who were considered to have a problematic 
dependency on cannabis, meanwhile, were 
more than twice as likely to show no signs  
of drug use in a urine test after taking NAC  
for eight weeks, compared to those taking a 
placebo. The treatment has also shown 
positive results for gambling addicts and 
chronic nail-biters. It is important to note that 
the NAC treatments did not involve explicit 
forms of exposure therapy however – rather, 
the participants were learning to cope with 
their cravings as they went about their daily 
lives. So it would be interesting to know what 
the results with NAC would be like if combined 
with sessions with a therapist that directly 
aimed to extinguish the responses to drug 
cues. Some research groups are aiming to test 
the possibility. 

It is still early days. The disappointing 
results of my trial are enough to convince me 
that these would-be treatments for phobias 
and addiction aren’t miracle cures. For most 
people, changing unwanted habits or reactions 
will involve dedication and perseverance. And 
since much of the research into drugs such as 
DCS have been primarily pilot studies, it will 
be important to see if similar results are found 
in bigger clinical trials. But if just one of these 
possible treatments comes up trumps, it could 
change many blighted lives. 

As it is, I’m going to have to trust that good 
things come to those who wait. Although the 
“flash therapy” for my phobia did not work  
for me, I’m now trying a more drawn-out 
version of exposure therapy. It’s hard going, 
but right now I’m four steps through my  
10-step programme and happy to say that  
I’m already reaching new heights.  ■

Jessica Hamzelou is the careers editor at  
New Scientist

“ Arachnophobes were able to approach 
tarantulas after the treatment”

Old habits die hard – 
unless you get a 
memory boost

Spiders improve 
on acquaintance

R
IG

H
T:

 P
AT

R
IC

K 
M

O
U

R
R

A
L/

PI
CT

U
R

ET
A

N
K

; F
A

R 
R

IG
H

T:
 R

O
B

ER
TO

 B
O

CC
IA

R
D

O
/A

U
R

O
R

A

WorldMags.net

http://worldmags.net/
http://worldmags.net/


38 | NewScientist | 15 March 2014

Ideal 
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There’s more 

than one way 

to make a 
planet 
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EPPUR si muove” – “And yet it moves”. 
Galileo’s reported utterance following his 
trial for heresy in 1633 is perhaps science’s 

most famous muttered riposte. Through the 
newly invented telescope Galileo had seen 
many things that couldn’t be explained by the 
dominant cosmology of the time, rooted in the 
idea that all things revolved around Earth: 
things like moons crossing the face of Jupiter, 
or the changing phases of Venus as sunlight 
caught it at different angles – an impossibility 
if Venus’s orbit encircled Earth. All this had 
made Galileo a champion of the Copernican 
revolution: the idea that all the planets, 
including Earth, orbit the sun.

Nearly four centuries on, we are on the cusp 
of another revolution in our cosmological 
understanding. From our vantage point on 
this orbiting world we have now spied almost 
2000 others doing the same around far-flung 
stars. A flood of information from planet-
hunters such as NASA’s Kepler space telescope, 
coupled with improved models of how planets 
and solar systems work, is forcing us to 
reconsider another set of geocentric views – 
this time about what a planet capable of 
harbouring life should look like. Increasingly 
it seems all our assumptions about Earth’s 
“twin” are wrong. As the search continues, we 
may need to bear in mind that it will not look 
anything like Earth at all.

We take many things for granted when 
assessing a planet’s suitability for life. First 
and foremost is the idea that, if biology 
elsewhere works anything like it does on Earth, 
life will be carbon-based – carbon chemistry 
has an unmatched complexity – and need 
liquid water as its essential solvent. That 
assumption leads directly to the concept of 
the habitable zone, first introduced in the 
1950s. This is defined as the narrow region 
around a star where liquid water can exist. Too 
close to a star, and any water on a planet boils 
away; too far away, and it freezes. Only in the 
middling “Goldilocks zone” – neither too hot 
nor too cold, but just right – can life thrive.

Our sun is well placed to host a planet that 
hosts life. Three-quarters of the stars in our 
Milky Way are fainter red dwarfs that pump 
out significantly less heat. The habitable zone 
of a red dwarf would be very close in, so close 
in that any planet orbiting within it would be 
“tidally locked”: the gravitational grasp of the 
star would hold one side of the planet 
constantly facing towards it. That side would 
bake in perpetual daylight and searing 
temperatures, while the other would freeze in 
constant darkness – scarcely ideal conditions 
for the development of life. The closest >LO
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When NASA’s Kepler space telescope was 
launched in 2009, it was equipped with four 
“reaction wheels”, flywheels that rotated the 
craft and helped point the telescope 
accurately enough at stars to detect evidence 
of distant planets.

Three reaction wheels are needed for 
stable positioning, so when first one reaction 
wheel failed, followed by a second early last 
year, it seemed to mark the end of the 
mission. But an ingenious idea has prompted 
Kepler’s Lazarus-like revival. The gentle 
nudging of radiation pressure from sunlight 
can act like a third wheel and stabilise the 
telescope. That allows Kepler to look for 
planets in one patch of sky for around 80 
days at a time. After that time, Earth’s 
passage around the sun means it has to be 
repositioned again to avoid being blinded by 
the sun’s glare.

That’s not enough time to spot Earth-like 
planets crossing the face of their stars if their 
orbits take a year. But if habitable planets 
really can hug in close to red dwarf stars (see 
main story), it would be more than enough to 
see them completing several orbits. The 
proposed pared-down mission, dubbed K2, 
has already proved it has what it takes, by 
independently spotting a planet already seen 
by another telescope.

No place like home
Our ideas of where life can thrive depend on the idea of a “habitable zone” where liquid water can exist on an Earth-like planet. But that might not be the whole story 
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Life at depth Wobbly worlds
A rocky planet at Saturn’s distance from the sun would be way outside such 
a star’s habitable zone – but life might still exist in a subsurface ocean 
warmed by heat from the planet’s core

HABITABLE ZONE

The tilt of Earth’s axis is stabilised by our large moon – but a moonless, wobbling 
planet would develop no ice caps, and retain liquid-water temperatures beyond 
the habitable zone

WATER
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thing we know in our solar system is Mercury. 
It is not quite tidally locked, but still 
experiences a temperature swing of 600 °C 
between the day and night side.

As it is, Earth is sufficiently far away to 
rotate stably on its axis, with the sun’s heat 
distributed evenly to all sides of the planet. 
As Earth spins, it traces out a near perfectly 
circular orbit entirely within the Goldilocks 
zone – albeit, according to the latest 
researches, rather more precariously close to 
its sultry inner edge than we had thought (New 
Scientist, 8 June 2013, p 40). Our unusually 
large moon is a further boon: its tug ensures 
that the tilt of Earth’s axis – its obliquity – 
changes very little. All those factors add up to 
an invitingly constant environment in which 
life has thrived. 

It also meant that when the Kepler telescope 
launched in March 2009, it had a goal: to track 
down Earth’s doppelgänger. The telescope was 
named after the astronomer Johannes Kepler, 
who in 1619 first published the mathematical 
relationship between orbital distance and 
orbital time. That the mission was originally 
scheduled to run for three years is no 
coincidence. Earth takes a year to orbit the sun, 
so a similar planet in a similar position in a 
sunlike star’s habitable zone will orbit in the 
same time. Three years is enough to spot such 
a planet crossing the face of its star three 
times, confirming its existence beyond 
reasonable doubt. 

That is not what Kepler has seen. It did see a 
planet in the habitable zone, Kepler 22b, as far 
back as 2011, and Kepler 61b and Kepler 62e 

joined the club in 2013. But they are not at all 
like Earth – all three are significantly larger 
“super-Earths”. Most models suggest that the 
stronger gravity at these planets’ surfaces 
flattens them, making it easier for water to 
engulf their landscapes. Land warms up and 
cools down more readily than water, so Earth’s 
exposed continents play a pivotal part in 
regulating our climate. “Ocean worlds may be 
more prone to climate instability and so be 
less habitable,” says Lewis Dartnell, an 
astrobiologist at the University of Leicester, UK.

Eccentric worlds
Geoffrey Marcy of the University of California, 
Berkeley, and his colleagues have also analysed 
changes in the host stars’ light caused by the 
gravitational tug of their orbiting planets. 
Around three-quarters of Kepler’s finds, 
although larger in size than Earth, are not 
massive enough to be watery, rocky worlds at 
all. Instead, they must be light planets rather 
like miniature Neptunes, their rocky cores 
surrounded by a puffed-up atmosphere 
containing large amounts of hydrogen and 
helium. “This opens up a concern that the 
predominant type of planet may not be 
suitable for biology,” says Marcy. 

Rather than other Earths, Kepler has in fact 
turned up all kinds of strange and unusual 
things. The Kepler 47 system, for instance, has 
two stars and at least three orbiting planets. 
There are also many instances of highly 
“eccentric” planets, with orbits that deviate 
significantly from the circular orbits typical of 

KEPLER REVIVED
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our solar system. Instead, the planets behave 
like comets, plunging into the warmer inner 
zone from the frostier outer climes. Perhaps 
the most unexpected find is Kepler 11 – a 
miniature version of our solar system, with 
five of its six planets huddling closer to their 
star than Mercury does to the sun. “It seems 
anything is possible within the rules of 
physics,” says planetary scientist Sara Seager 
of the Massachusetts Institute of Technology.

Anything except, on the face of it, a planet 
with those qualities we believe provide a safe 
haven for life. But that’s just where the facts 
are prodding us towards a rethink. “We might 
have been making a similar mistake to the pre-
Copernican era, of thinking that we’re special 
and that all habitable planets must share the 
same attributes as Earth,” says Marcy.

Oddly, some of the motivation for a change 
of heart comes from closer studies of life on 
our own planet. Over the past few years we 
have discovered organisms eking out an 
existence in Earth’s depths – most startlingly, 
nematode worms 3.6 kilometres down at the 
bottom of South Africa’s deepest gold mine 
(New Scientist, 27 April 2013, p 36). Because 
only a fraction of possible subsurface habitats 
have been studied, Dartnell is one researcher 
reaching a conclusion alien to our conceptions 
even of a few years ago. “Life in the deep 
biosphere on Earth grossly outnumbers the 
ecosystems that we’re familiar with on the 
surface,” he says.

That has consequences for life elsewhere. 
“Many more planets can be considered 
habitable once the subsurface is taken into 

account,” says Sean McMahon from the 
University of Aberdeen, UK. In September last 
year, McMahon and two colleagues published 
a paper examining the potential for life in 
underground water kept liquid by heat from 
a planet’s core (Planetary and Space Science, 
vol 85, p 312). The deeper the water lies,  
the better shielded it is from the outside 
temperature, so the further the planet can be 
away from its star. Life 5 kilometres down 
could survive on a planet with an orbit at three 
times the radius of the traditional habitable 

zone. If life were sunk as low as 10 kilometres, 
the habitable zone would rocket out past the 
orbit of Saturn – 14 times the accepted distance 
around a sunlike star (see graphic). 

Similar considerations mean we can’t rule 
out subsurface life in the outer reaches of our 
solar system. The tidal friction generated on 
Jupiter’s moon Europa as it orbits its massive 
host may have melted water beneath its crust, 
perhaps creating a subsurface ocean with the 
conditions necessary for life to get started.

This January, at a meeting of the American 
Astronomical Society in Washington DC,  
John Armstrong of Weber State University in 
Ogden, Utah, highlighted another scenario 
with the potential to shift the habitable zone. 
Earth’s moon-stabilised tilt might be a boon, 
but a changing tilt need not be a disadvantage: 
it just changes the rules of the game. 
“Obliquity variations can suppress the 
build-up of polar ice sheets, meaning less  
heat is reflected away into space,” he says. 
According to his models, a wobbling  
planet might be able to retain liquid water  
at almost twice the distance from its star as  
an Earth-like non-wobbler. 

Future missions might glimpse this 
changing obliquity by looking for variations 
in a planet’s brightness as light bounces off 
wobbling polar caps. Not that such a planet 
would necessarily harbour Earth-like life, 
however – at least not visibly. “It’s unclear  
how complex ecosystems of multicellular 
animals and plants would cope with the  
wildly swinging climate of a wobbling world,” 
says Dartnell. “But for bacteria below the 

Homely dwarfsCentral heating
Temperature swings on planets with elliptical orbits were thought to make them 
unsuitable for life – but when close to their star, gravitational distortions can 
store additional energy within them, warming them for the outer reaches

HALF-SCORCHED 
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RED DWARF

A planet orbiting a faint red dwarf at liquid-water distance would have one 
face gravitationally “locked in” to the star. But cloud formation in an Earth-like 
atmosphere can help redistribute heat, perhaps making a habitable planet 
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“ The number of 
red dwarfs in 
our galaxy 
makes the 
findings a huge 
boost for life”

surface it probably makes no difference at all.” 
It would be significant if habitable zones can 

extend out further from their stars, not least 
because fainter stars such as red dwarfs would 
be back in the game: life-bearing planets could 
orbit at distances large enough to keep them 
from being tidally locked. But even tidal 
locking might not be so much of problem, 
according to more advanced climate models 
developed over the past decade. They show 
that if a tidally locked planet were to have the 
same sort of nitrogen-rich atmosphere as 
Earth, heat could be efficiently transported to 
the perpetually dark night side, creating a 
more balanced, balmier climate.

Close to home
The potential for red-dwarf habitability was 
underscored last year by the first 3D 
atmospheric model of a tidally locked planet, 
created by Dorian Abbot of the University of 
Chicago and a couple of colleagues. It threw  
up a tantalising possibility: that clouds form 
more readily directly under the unmoving 
spotlight of the star’s glare (Astrophysical 
Journal Letters, vol 771, p L45). 

Clouds reflect more radiation back into 
space, meaning a cloudy planet can get even 
closer to its star while maintaining a reasonable 
temperature – extending the habitable zone 
inwards this time. “This doubles the number 
of possible habitable planets around red 
dwarfs,” Abbot says. Given the preponderance 
of red dwarfs in our galaxy, that is a huge 
boost to the number of potentially habitable 
planets, and for our chances of finding 

them (see “Kepler revived”, page 40).
In fact, habitable zones around some stars 

might be rather movable feasts. Modelling by 
Greg Laughlin, an astronomer at the 
University of California at Santa Cruz, 
indicates that liquid water, and hence life, 
might even survive on a planet on a highly 
elliptical, comet-like orbit. During its closest 
approach to a star, the heating rate on such  
a world would go up 20 times in a matter of 
hours – but the planet might “take the insult”, 
says Laughlin. Although the equatorial 
temperature would reach that of an oven, heat 
would be dissipated quickly enough at higher 
latitudes for any water to stay liquid rather 
than boiling off. Meanwhile the extreme tidal 
forces inflicted by the star during close 
approach would inject gravitational energy 
into the planet’s core, providing it with a 
source of warmth even during its icy passage 
far from the star.

Whether such a world could host 
multicellular creatures is still debatable:  
again, it is hard to know how photosynthetic 
life would cope with such wildly changing 
amounts of sunlight. “It would be very 
different from the Earth, but we need to keep 
an open mind,” says Dartnell. At least such 
planets are easier to spot: they get much closer 
to their stars, making for a more noticeable 
dip in brightness as they transit across its face. 
“The probability of detecting these worlds can 
go up by a factor of ten,” says Laughlin.

One by one, then, all the “rules” we have 
established that say life-harbouring planets 
must look and act like Earth seem to be falling 
away. Armstrong goes a step further, and  
says unearthly planets might even be more 
conducive to life than our home. Along with 
René Heller at McMaster University in 
Hamilton, Ontario, Canada, he has recently  
set out the characteristics of  “superhabitable” 
worlds, concluding that a planet more massive 
than Earth orbiting a star smaller than the sun 
would boast advantages such as slower 
tectonic activity and reduced exposure to 
high-energy stellar radiation (Astrobiology, 
vol 14, p 50).

That might be a blow to our earthly self-
esteem. But just as centuries ago we discarded 
Earth as the centre of the universe, now might 
just be the time to dispense with our planet as 
the poster child for habitability. In the search 
for life elsewhere we need to keep an open 
mind, says Seager. “If we limit ourselves to just 
Earth’s twin, then we are dead in the water.”  ■

Colin Stuart is a freelance science writer based in 
London. He tweets as @skyponderer 
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ON THE Caribbean island of St Kitts, a 
colony of exuberant vervet monkeys 
patrols the beach, waiting to pounce on 

unattended drinks. When they spot one, they 
scamper acrobatically across the sand to steal 
it. They fight. They drink. They overturn tables. 
Finally, as the sun slides over the horizon, they 
slump clumsily onto the sand.

Scientists have been studying the drunken 
monkeys of St Kitts for decades, using them 
to research the neural pathways involved in 
alcoholism. But they represent more than 
just a primate model of addiction.

According to biologist Bruce Robertson 
at Bard College in New York, the monkeys 
are caught in an “evolutionary trap”. Their 
enjoyment of alcohol exists for a very good 
reason, he says: they evolved to crave energy-
rich foods. But now that piña coladas are easier 
to obtain than bananas, it has become a liability. 
“It’s an incorrect behaviour that happened 
because we changed the environment too fast 
for evolution to catch up,” Robertson says.

Trapped!
From beetles mating with bottles 
to frogs swallowing light bulbs, 
creatures are struggling to keep up 
with the changes humans make, 
says Christopher Kemp
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Evolutionary traps – also called ecological 
traps – are everywhere. They have been found 
in almost every type of habitat, affecting 
mammals, birds, reptiles, amphibians, 
fish and insects. Bamboozled by rapid 
environmental change, these animals can 
no longer accurately assess the suitability  
of food resources, mates, habitats or much  
of anything else. Bad choices look like good 
ones, and the animals are lured into an 
evolutionary dead-end. 

In this new world, a male giant jewel beetle 
lands on a beer bottle and tries to mate with it. 
The reflective qualities of the amber-coloured 
glass have fooled it into believing the bottle 
is a female giant jewel beetle (see below).  
A Cuban tree frog swallows a fairy light in a 
backyard in Florida, responding as if the bulb 
were a tasty insect. Our opening photograph 
shows that frog, lit from within, dangling like 
a bizarre Christmas ornament (see page 43).

Futile embrace
At sea, albatrosses and turtles mistake small 
pieces of colourful plastic for food and die,  
full but starved. Newly hatched turtles mistake 
the lights of beachside hotels for the horizon 
and crawl away from the sea towards bustling 
resorts where they perish. Male California red-
legged frogs mistake juveniles of an invasive 
frog species for females of their own species, 
clasping them for hours in a futile embrace. 
The list goes on; the effects are catastrophic.

In a recent analysis, Robertson identified 
40 types of evolutionary trap, some of  
which affect hundreds of species. Traps can  
be created by all kinds of human activity, 
including agriculture, ecological restoration, 

buildings and pollution. The worst trap is 
the introduction of invasive species (Trends 
in Ecology & Evolution, vol 28, p 552).

Even when humans try to perform good 
deeds we can inadvertently set evolutionary 
traps. In Israel, in an effort to protect a 
population of endangered salamanders, 
conservationists began planting trees, 
gradually turning a desert into a wetland. 
“No trees previously existed,” says Robertson. 
“They put them in to help the revegetation 
project. And that attracted a bird – a predatory 
bird.” Almost overnight, the forest provided 
perches for hungry southern grey shrikes, 
turning a salamander-friendly habitat into  
a death trap. You can guess what happened  
to the salamanders.

The concept of an evolutionary trap  
was first put forward in the early 1970s but  
did not attract as much attention as other 
effects of environmental change. In a survey 
published in 2006, Robertson failed to find 
many published examples, concluding that 
the traps are either rare, difficult to detect,  
or both (Ecology, vol 87, p 1075). So he set out 
to develop tools to identify them.

“I was interested in the topic but there 
were no criteria by which a scientist could 
say, ‘I have found A, B and C; therefore I have 
found an evolutionary trap’,” he says. That has 
changed. “Now we have some basic tools to 
say, here’s how we find them,” says Robertson. 

“The one-sentence version would be: Do you 
prefer the thing that’s worse for you? The 
slightly more accurate version would be: the 
cues you use to make your decisions no longer 
lead you to the best decisions – in fact they 
lead you to make the worst ones.”

Having worked out how to identify traps, 
ecologists are slowly beginning to understand 
how they exacerbate human impacts on 
fragile and changing ecosystems.

“There’s no faster way to crash a population 
than if it is caught in an evolutionary trap,” 
says Robertson. For instance, if deforestation 
removes half of a rainforest, you would expect 
half the animals to be lost. But many species of 
mammal, bird and insect are attracted to “edge 
habitats” on the fringes of forests. Others find 
food resources plentiful in areas of freshly cut 
woodland. But these habitats are traps: they 
may offer gains in terms of food but they also 
expose animals to predators and other risks, 
such as roadways. If the remaining species 
migrate and relocate to around the deforested 
areas, many more than half will vanish.

One of the worst traps affects aquatic 
insects such as caddis flies and mayflies. 
For many insect species, one of the most 
important decisions is where to lay their eggs. 
In the case of aquatic insects, this means 
water.“When light bounces off water, it gets 
polarised,” says Robertson. “This polarised 
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light was so uniquely associated with water 
that many types of organism evolved eyes that 
can see it.” 

That’s how aquatic insects detect suitable 
egg-laying habitats. But there’s a problem. 
Modern landscapes now teem with artificial 
surfaces that polarise light in exactly the 
same way that water does. “Aquatic insects lay 
their eggs on buildings and solar panels and 
asphalt and cars, thinking that they’re laying 
on water,” says Robertson. “They actually 
prefer to lay their eggs on automobiles than 
on a nearby lake, even if they can see the lake.” 
The billions of insect eggs laid on these objects 
will never hatch.

People traps
Just like the vervet monkeys and aquatic 
insects, humans have also become entangled 
in evolutionary traps of our own making, 
says Robertson. “Probably the most likely 
evolutionary trap for humans, or at least the 
most discussed, would be fast food,” he says. 
But there are many others: pornography, 
gambling, video gaming, drugs. All of these 
hijack behaviours that evolved to aid survival.

In principle, some traps can be easily fixed. 
“The things that polarise light are smooth 
and black,” says Robertson, “so if you have a 
building that caddis flies are laying their eggs 

on, you can put up white curtains. You can 
build your building out of something lighter. 
If you have an asphalt road that’s attracting 
dragonflies to lay their eggs, add a little more 
gravel to it so it’s less smooth. Don’t put solar 
panels near wetlands. There are all kinds of 
really simple fixes.”

Sometimes, though, you don’t want to  
fix a trap. Robertson thinks it’s possible to  
set traps on purpose. He calls these virtuous 
evolutionary traps.

Every year, in countries across the 
developing world, hundreds of millions of 
people are infected with malaria by mosquitoes 
carrying parasitic protozoans. The World 
Health Organization estimates there were  
207 million cases of malaria worldwide 
in 2012, which caused about 627,000 deaths. 
Could a carefully constructed evolutionary 
trap change that statistic, drastically reducing 
the number of new infections? Is it possible  
to funnel the mosquitoes away from people  
at risk of contracting the disease? If billions of 
mayflies can be fooled into laying their eggs 
on cars, buildings and solar panels, perhaps 
mosquitoes can be fooled too. “I think it is a 
fantastic idea and one that I’ve specifically 
considered, though the exact way you would 
do it would be tricky,” says Robertson.

Ken Pienta is thinking along the same lines, 
but on an even smaller scale. An oncologist at 

Johns Hopkins University School of Medicine 
in Baltimore, Maryland, Pienta wants to set a 
trap to catch metastasising cancer cells. “My 
laboratory is trying to understand cancer as 
an ecosystem, and how we can develop what 
we’ve termed eco-therapies,” he says.

In other words, an ecosystem isn’t just 
something like a wetland – it could be a person 
with metastatic cancer, too. Just as California 
red-legged frogs in the wetland can be fooled 
into attempting to mate with the wrong 
species of frog, could cancer cells be lured 
into similarly fruitless behaviour?

Pienta thinks so. In the future, he says, 
doctors could insert a device filled with a 
chemokine – a protein that attracts cancer 
cells – into a person with cancer to prevent a 
tumour from metastasising to other tissues. 
Or perhaps oncologists will convince cells to 
metastasise to a part of the body from which 
it can easily be removed.

“Some of it sounds a little bit like science 
fiction, but there are many people working 
on chambers that can be inserted into a vein,” 
Pienta says. “You could design a one-way  
filter to sit in the bloodstream and just attract 
circulating tumour cells, and then just take 
them out of that trap every couple of days.”

For Robertson, the hard work has just  
begun. “Think about this,” he says. “We have 
all kinds of invasive species, all kinds of 
problematic species that need to have their 
numbers reduced. Nothing might work  
better than creating evolutionary traps to 
control or eradicate pest species.”

“You could take a catastrophe,” Robertson 
says, “and turn it into a tool.”  ■

Christopher Kemp is a writer based in Grand 
Rapids, Michigan 
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WHEN June slipped on an icy pavement 
and fractured her wrist, the doctors 
treating her thought little of it. She 

was a fit and healthy 65-year-old. Her wrist  
was set in a cast and she was sent home. But 
two years later, June tripped in the garden  
and couldn’t get up. She was still there the 
following morning, when her son found her 
and took her to hospital. 

June had osteoporosis. She had fractured  
a bone in her hip and needed major surgery  
to put in an artificial replacement. She later 
suffered two fractures to her vertebrae, 
deforming her spine and restricting her 
breathing. Confined to bed for six weeks,  
she developed a chest infection and died.

Her case is not unusual. Osteoporosis, 
where bones become weak and fragile, is  
often missed first time round. But just four 
years from now, such an experience could be 
entirely different. After that initial fracture, 
June’s bone density would be measured and 
she’d be sent home wearing sensors that 
continuously recorded her activity levels,  
gait and posture. She’d be offered a CT scan  
to capture the exact structure of her bones  
and reveal areas of wear, tear or weakness.  
All of this data would then be plugged into  
a computer simulation that would create a 
virtual June, fast-forward her through the 
years, and predict her physical destiny.

IN SICKNESS 
AND

IN HEALTH

A medically accurate digital double 
could revolutionise your life,  

finds Linda Geddes
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Welcome to the Virtual Physiological 
Human, an initiative backed by the European 
Union that has attracted £200 million of 
investment and more than 2000 researchers. 
The next decade is already set to bring 
personalised drugs and diagnoses based  
on a growing mass of patient data covering 
everything from lifestyle to genetic profile. 
But the Virtual Physiological Human project 
has an even bigger goal in its sights. 

Ten years from now each of us could grow  
a kind of twin. Detailed simulations of the 
inner workings of our bodies, from the 
interactions of genes and proteins in individual 
cells up to organs and whole-body systems, 
will be combined with data about our medical 
histories and the kind of lives we lead. The 
result will be a digital body double that could 
be experimented on, testing outcomes for 
different drugs, surgical interventions and 
lifestyle choices. We would go through life 
with a virtual clone. 

“Finally, we will be able to say something 
about you,” says Marco Viceconti at the 
University of Sheffield, UK. “Not because  
you are the same age, or sex, or have the same 
genetic profile and disease as a thousand other 
people, but because you are you with your 
condition, your history, your bad habits.” With 
power handed to each of us, healthcare as we 
know it would be turned on its head. Armed 
with a personal health forecast, we can choose 
to take charge of our health rather than accept 
our fate. But a glimpse of the future brings a 
responsibility to act. How will we cope?

Embracing complexity
The Virtual Physiological Human initiative 
sprang from a 2005 summit at which 
European researchers from many different 
areas of bioengineering, physiology and 
clinical medicine agreed that a common 
pattern was emerging. Trying to tackle 
diseases by breaking them down into smaller 
parts and then looking at each one individually 
was no longer working. “If you look at the  
big diseases that plague Western society – 
cardiovascular disease, cancer, diabetes, 
osteoporosis – the one thing they have in 
common is that their symptoms cannot be 
explained by looking at one part of the body,” 
says Viceconti.

Take osteoporosis. We know that many 
fractures in elderly people are the result of 
reduced bone density, and that this is caused 
by a hormone-related shift in the activities of 
different bone cells. But fragile bones are only 
part of the story. Deteriorating eyesight or 

hearing, weaker muscles, a person’s activity 
levels and posture all increase the risk of 
falling and fracturing bones. 

A pure focus on genetics doesn’t tell  
you that much about your future risk of 
developing these complex conditions. “You 
can have a genomic blueprint, but it will not 
tell you precisely what’s going to come out  
at higher organisational levels,” says Peter 
Coveney at University College London. 

Doctors caring for patients with multiple 
conditions, such as diabetes and heart failure 
together, face a similar problem. “The links 
between different diseases aren’t always 
made,” says Liesbet Geris at the University of 
Liège in Belgium. “It’s often hard to envisage 
what the effect of medication for the heart 
problem will be on the diabetes, or how these 
two diseases will interact.” 

In short, we have reached a point where it is 
no longer possible to ignore complexity. We 
have to embrace it. That was the conclusion of 
those researchers who met back in 2005. And 
their solution? Build computer models that 
can combine the vast amounts of data about 
biological processes at the smallest scale – the 
workings of genes, proteins, and cells – with 
our growing understanding of whole-body 
systems. The models would simulate how the 
body’s microscopic machinery gives rise to 
everything else. This can then be integrated 
with a patient’s personal data, ultimately 
creating virtual models of us all.

Already, researchers have produced digital 
models of major organs like the heart and 
liver, which can be used to design new drugs. 
They can even model the forces generated  
by blood flowing through the arteries in a 
person’s brain and predict whether an area  
of weakness known as an aneurysm is likely  
to rupture and cause a stroke. So far, most of 
these models aim to give a real-time window 
on activity in the present, rather than predict 
the future. But that is coming. 

Viceconti and his colleagues have developed 
an osteoporosis model designed to second- >TO
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guess an individual’s risk of sustaining a 
fracture, by combining existing patient data 
with CT scans and information from wearable 
sensors. The goal is that by 2018, people like 
June whose osteoporosis may be relatively 
mild, yet have a high risk of fracturing bones 
because they are more likely to fall over, could 
be better identified. “This would allow us to 
not only target therapies that would protect 
their skeleton, but design exercise 
interventions to address an individual’s risk  
of falling,” says Eugene McCloskey at the 
University of Sheffield, who is preparing 
clinical trials to test the bone fracture model. 

Other teams are also working on the 
musculoskeletal system. Geris, for example, is 
using computer simulations to try to speed-up 
the development of tissue implants to heal 
bone fractures. She has modelled the process 
of bone growth from the bottom up, starting 
with the interaction between different genes 
to identify the key proteins that influence cell 

growth. The simulations can then predict how 
adding different chemical factors might 
influence fracture healing at the level of the 
whole bone. “It’s all about trying to make 
better decisions than the ones we’ve made 
through trial and error in the past,” says Geris. 

The complete patient
One big challenge facing researchers is 
figuring out how to hook all these systems 
together into a complete patient. For now, 
they remain a collection of disembodied parts. 
But we may not be far off. For example, Robert 
Hester at the University of Mississippi Medical 
Center in Jackson and his colleagues have 
developed a mathematical model of the whole 
body called HumMod, consisting of some 
5000 variables that describe factors including 
measurements of blood flow, recordings of 
heart and brain activity, results of blood tests 
and scans of our bones, muscles and organs  

as well as features of the environment, such  
as air temperature and humidity. Tweaking 
the numbers lets you play out potential 
scenarios for particular patients. 

Maths is only part of the puzzle, though. 
Models like HumMod will then need to be 
stitched together with an ever-growing 
mountain of biochemical and physical 
simulations, personal histories of illness and 
injury, and descriptions of diet and lifestyle. 
The goal is for Virtual Physiological Human 
models to be able to integrate different types 
of patient information – MRI scans and genetic 
data, say – quickly and automatically, even in 
emergency scenarios (see diagram, left). 

But for a doctor or nurse to run such 
simulations on demand will require more 
computing power than most hospitals have  
at their disposal. Indeed, several researchers, 
such as Coveney, who models blood flow in  
the brain, currently run their simulations on  
a supercomputer. “If you ask me point blank 
who is using modelling and simulation to  
save people’s lives, there’s very little of it at  
the moment,” says Coveney. Yet the wheels are 
turning. The US Food and Drug Administration, 
for example, is already considering large-scale 
simulations for drug testing. 

The toughest challenges are unlikely to be 
technical, however. For starters, there could be 
resistance from the medical community who 
may feel their judgement is being taken away. 

The hope, though, is that doctors will be 
more confident that the treatments they offer 
will improve patients’ health. “At the moment, 
doctors often have just one chance to get it 
right,” says Norbert Graf, a medical director  
at Saarland University Hospital in Germany. 
“But if you have a virtual patient, you could 
select the treatment with the highest cure  
rate and the lowest toxic effect.” Doctors 
would still need to speak to the patient, make 
the diagnosis, and select and administer the 
treatment – but they’d have another tool at 
their disposal. “The difference is that there 
would now be a model selecting which is the 
best treatment for the individual patient, not  
a protocol that is the same for hundreds of 
patients,” says Graf. 

Having a virtual twin should make us pay 
more attention to our own well-being, putting 
responsibility for healthcare into our hands, 
say researchers behind the project. But when  
it comes to looking after ourselves, our track 
record is mixed. Not everyone agrees that  
this will motivate people to take charge of 
their health.

Jane Wardle at University College London 

Emergency
H

Emergency
H

2014
Person arrives 
at hospital with
severe pain
in chest

Person arrives 
at hospital with
severe pain
in chest

Echocardiogram

Emergency surgery

Emergency 
surgery

Discharge

2023
Assessment 
of problems

New scans update 
virtual twin

Multiple
testing of 

surgical 
outcomes on 

virtual heartbest possible fix

with constantly
uploading sensors – updating twin

shows several 
blockages

fixes any immediately 
life-threatening blockage

Discharge

“ If you have a virtual patient, you could 
select the treatment with the highest 
cure rate and the lowest toxic effect”

A dose of your own medicine
Within a decade, we could have virtual twins that can immediately test-run even 
emergency surgeries to see how we will fare

WorldMags.net

http://worldmags.net/
http://worldmags.net/


15 March 2014 | NewScientist | 49

has investigated the impact that genetic 
screening for obesity or lung cancer has had 
on people’s motivation to eat healthily or give 
up smoking. “Giving people more detail about 
future risk has never produced the effects that 
people hoped,” Wardle says. Often people feel 
very motivated in the short term. “They say 
that ‘It’s a wake-up call’,” she says. “However,  
in the long run, it’s not actually achieving any 
behaviour change.”

Even so, those working on virtual versions 
of us are optimistic. Evidence suggests that 
being confronted with a vision of your own 
future – rather than being told you have a 
65 per cent chance of developing lung cancer, 
say – can have a big impact. 

“Visual imagery is more emotionally 
arousing than non-visual information,”  
says Hal Hershfield at New York University. 
Hershfield is interested in how thinking about 
our future selves affects our decision-making. 
In one recent experiment, he took photos  
of volunteers and used them to create aged 
avatars, complete with jowls, bags under the 

eyes and grey hair. The volunteers then took 
control of their avatar in a virtual world,  
where they were confronted by this aged 
image of themselves in a mirror. 

Decisions, decisions
Later, they were given a choice of four ways to 
spend $1000: buy a gift for someone special, 
have a party, put the money in a current 
account, or invest in a retirement fund. 
Hershfield found that  people who came face 
to face with an older doppelgänger put nearly 
twice as much into the retirement fund as 
those who saw an avatar who was the same  
age as themselves. A related study by Jesse Fox 
at Ohio State University in Columbus has 
shown that watching a personalised avatar 
lose weight by exercising can motivate people 
to go to the gym within the next 24 hours. 

At heart, we’re wishful thinkers. Asked  
to imagine how we would look and feel if we 
continue to lead unhealthy lives, it is easy to 
conjure up a better future than is realistic. 

Confronting the future seems to help. 
“Imagination can only go so far,” says 
Hershfield.

But as Wardle points out, the challenge is 
translating short-term motivational boosts 
into long-term change. And herein lies 
another key difference between genetic 
screening and individualised medicine. As a 
lifelong companion, the virtual twin would 
allow us to track our health continuously. 
Many people already use health apps on their 
phones to track their diet, exercise and quality 
of sleep. Adding such data to your simulated 
self would refine the models and boost their 
predictive accuracy. “This isn’t just a gene 
saying you have a 90 per cent chance of 
getting cancer and there’s nothing you can do 
about it,” says Geris. “Your genetic profile 
won’t change. But if you change your pattern 
of behaviour and food intake, the model can 
update. If you let yourself go, your prognosis 
will change.”

Interventions could also be tailored to 
specific people like June. By 2023, data from 
wearable sensors could constantly and 
automatically update your risk of fracture. 
New advice based on these updates could then 
be streamed back to a smartphone. Local 
weather conditions might be taken into 
account. If your digital double deemed you 
were at risk of falling, it could send you a 
reminder to put on the anti-slip shoes it had 
encouraged you to buy after noticing that 
your stability was getting worse. 

For some, this may be too much. Ultimately, 
the biggest roadblock may be our own unease. 
For the grand vision to work, all of our medical 
data will need to be put online, an idea that has 
already met resistance. We may also resent the 
intrusion of extra surveillance. And then 
there’s the very real possibility that a virtual 
twin may throw up insights that we are not 
prepared for, such as a better understanding 
of how and when we are likely to die. A 
diagnosis of terminal cancer, for example, 
leads some to vow to fight it and others to lose 
the will to go on. Deciding how much we each 
want to know will need to be decided on a case 
by case basis. 

It may be that our virtual twins will need to 
mirror more than just our biology. “There are 
different personality traits that are going to 
predict how people will react to bad news,” 
says Fox. “If you’re going to model the physical 
body, you really need to think about modelling 
a person’s psychological state as well.”  ■

Linda Geddes is a features editor at New Scientist

“ It’s all about trying to 
make better decisions 
than the ones we’ve 
made in the past”
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Water 4.0: The past, present, and 
future of the world’s most vital 
resource by David Sedlak, Yale 
University Press, $28.50
A Journey in the Future of Water 
by Terje Tvedt, I.B.Tauris, £14.99

EVER wondered what reactivated 
sludge is? Or what links your 
local water treatment plant with 
chemical warfare in the trenches 
of the Somme? Or why the water 
closet put paid to sewage farms, 
or the rivers of Chicago run 
backwards? If so, David Sedlak’s 
Water 4.0 is your kind of book. 

Sedlak is an engineer and proud 
of it. His journey through the 
world of modern urban water and 
sewage systems – how they came 
about, what their failings are  
and where they are headed – is 
concise, thorough and engaging. 
A professor at the University of 
California, Berkeley, Sedlak is 
unashamedly US-centric, and he is 
only really interested in complex 
urban plumbing. But most of the 
technologies he discusses are 
widely used around the world, 
and we all pay water bills. So we 
can simply substitute London for 
Chicago or Sydney for Los Angeles.  

Sedlak is admirably clear-
sighted about the problems 
of a normally secretive and 
monopolistic industry, especially 
the drawbacks of its default 
chemical tool-kit. Dosing water 
supplies with chlorine is near 
universal. It has saved more 
lives worldwide than most 
technological innovations, by 
killing a huge range of stomach 
bugs and other pathogens. But 
some of the disinfection by-
products created can cause cancer.  

His chapter exploring this 
“chlorine dilemma” recommends 
adding activated carbon to water 
so that it removes the substances 
that react with chlorine to create 
the carcinogenic by-products. 
It ends with the world-weary 
observation that consumers 
might pay a few dollars more  
for safer water if we were told the 
truth about what it contained.  
But “utilities and regulators 
continue to insist… our drinking 
water is safe and healthy”. 

The book’s title is a simple 
conceit. So far urban populations 
have benefited from three water 

revolutions: the Roman invention 
of plumbing, chemical water 
treatment and safe management 
of sewage. Now we need a fourth 
water revolution to make far more 
efficient use of the world’s 
increasingly limited supplies.

Here, Sedlak is realistic about 
the potential of desalination and 
other technological advances. But 
he sees huge potential in doing 
the simple things better, such as 

recycling roof water, improving 
urban run-off and routing flood 
flows back into water supply 
systems. Here, he concedes, 
they are much further ahead in 
Singapore than Santa Monica.  

Sedlak’s exemplary study of 
urban water is too narrow in its 
focus to be a primer for the coming 
global water crisis. For a start, he 
leaves out the billions of people 
living in poor rural communities, 
as well as the world’s main user  
of water: agricultural irrigation, 
which consumes two-thirds of  
the water we take from nature.  

I had hoped to find that 
global perspective in Terje Tvedt’s 
A Journey in the Future of Water. 
Sadly, Tvedt, a Norwegian 
geographer, promises much but 
delivers little. He has travelled the 
world to visit water systems from 
the Nile to the Ganges and Las 
Vegas to Lourdes. He has seen the 
mega projects – the big dams and 
irrigation schemes, the canals  
and flood defences – and spoken 
to their engineers and puffed-up 
political backers.

But he saw them for a series of  
TV programmes he presented – 
and it shows. The result is a 
travelogue, with no depth, no 
analysis and no perspective. 

This is made all the more 
irritating by his style of reportage, 
where he tells us more about his 
eating habits than what he thinks 
about the politics of water. Just as 
we get to the crux of an issue, the 
chapter is over. Worse, it is out of 
date. The book is a 2014 translation 
of one published in Norway in 
2007. Surely the publisher could 
have asked for updates? That isn’t 
good enough.  ■

Fred Pearce is a consultant for  
New Scientist

CULTURELAB

A wet revolution?
We need the right kind of help to cope with the world’s coming water crisis, says Fred Pearce

To survive water shortages, nations 
need to rethink their supplies 

“ A fourth water revolution 
would help us make far 
more efficient use of the 
world’s limited supplies”
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For more books and arts coverage, visit newscientist.com/culturelab

the broader context, we fail to 
recognise the true probability 
of an event.

Not all outrageous events 
depend on truly large numbers. 
Even small numbers will suffice, 
if probabilities are ascribed after 
the fact. Consider how dreams  
can seem to miraculously foretell 
future events. US president 
Abraham Lincoln and the Roman 
emperor Caligula both dreamed 
of dying shortly before they 

were assassinated. That seems 
pretty impressive until you 
consider the likelihood they 
dreamed of death on other 
occasions. Who would bother 
to record them? Unfulfilled 
prophesies are not newsworthy. 

Referring to this as the “law of 
selection”, Hand notes it doesn’t 
only afflict doomed heads of state. 
In fact, selection bias is one of the 

most pernicious problems in 
research. Take drug trials, where 
people whose symptoms don’t 
improve have a tendency to drop 
out, potentially making the drug 
look more effective than it is.

Even if the dropout bias is 
accounted for, publication bias 
may skew the data. Researchers 
rarely write up experiments that 
fail to show an effect, and few 
journals will publish such papers. 
We only care about dramatic 
results. But knowing about only 
recorded dreams or published 
experiments, you have no basis 
for measuring probability.

Other improbable phenomena 
are explained by different facets 
of Hand’s improbability principle. 
His “law of near enough”, for 
example, explains what happens 
when “events that are sufficiently 
similar are regarded as identical” – 
a slip exploited by 
parapsychologists who support 
their vague hypotheses with 
pseudoscientific experiments. 

In a classic case from the 1930s, 
a researcher at University College 
London asked 160 people to guess 
which card he had chosen from a 
deck. When they failed to guess, 
he included the cards before and 
after his selection. He continued 
to loosen his standards until the 
experiment appeared to 
demonstrate psychic ability.

The concepts underlying 
Hand’s laws will be familiar to  
all who have studied probability. 
His improbability principle is 
simply a conceit for assembling 
them in a book. But as an 
organisational scheme, it serves 
the purpose exceptionally well. 

Hand has written a superlative 
introduction to critical thinking, 
accessible to everybody, regardless 
of mathematical ability – and 
essential if your probability of 
taking a university-level maths 
class is less than zero.  ■

Jonathon Keats is an experimental 
philosopher and conceptual artist

Focusing on the specific makes us 
less likely to see true probability
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 The Improbability Principle: Why 
coincidences, miracles, and rare 
events happen every day by David 
J. Hand, Farrar, Straus, Giroux, $27

PEOPLE thought it 
was a fix when the 
Bulgarian lottery 
announced the 
same six winning 
numbers on two 
consecutive draws 
in 2009. The 

national sports minister launched 
an investigation, but found no 
tampering; the repetition was 
mere chance. 

How are such coincidences 
possible? In The Improbability 
Principle, statistician David J. 
Hand delves into extreme 
unlikelihoods, from duplicate 
lottery results to global financial 
meltdowns. “We should expect 
the unexpected,” he explains, 
in this lucid overview of the 
mathematics of chance and the 
psychological phenomena that 
can make probability seem 
counter-intuitive to so many.

Understanding the Bulgarian 
lottery coincidence, it turns out, 
is relatively straightforward. 
Although the odds of two specific 
draws matching is 1 in 13,983,816, 
the chance of any two draws 
matching increases with the 
number of draws, and reaches  
a probability of greater than 
50 per cent by the 4404th round. 

Hand concedes that the odds  
of consecutive draws being 
identical are significantly less,  
but points out that there are  
many lotteries globally, so we 
shouldn’t be surprised when 
winning numbers occasionally 
repeat consecutively somewhere.

He dubs this “the law of truly 
large numbers”, and applies it to 
lightning strikes, plane crashes 
and even Bible “codes”, where the 
sheer number of letters means 
anyone searching for a “hidden” 
message will inevitably find one. 
“With a large enough number of 
opportunities, any outrageous 
thing is likely to happen,” writes 
Hand. Because we tend to focus 
on specific instances instead of 

Expect the unexpected 
Even the most outrageously unlikely things make statistical sense – as 
long as we have the right person to explain, says Jonathon Keats

“  The law of large numbers 
applies to lightning 
strikes, plane crashes  
and even the Bible”
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AFTER a solid postdoc or two, you may feel 
it is time to fly your principal investigator’s 
nest and found a lab of your own. In a  
perfect world, this might mean settling in  
at a major research university as a newly 
minted tenure-track junior faculty member. 
However, with tenured positions like gold 
dust, it is worth considering the alternatives.

Competition for tenure positions is fierce 
and each opening can draw hundreds of 
applications. Most posts offer a job for life 
with little chance of dismissal, and only a 
couple of openings tend to arise in a given 
department each year. Openings might 
occur if a university decides to expand 
its department after receiving a donation 
or large grant, or if a faculty member 
moves on or retires. At the University of 
Pennsylvania’s Perelman School of Medicine 
in Philadelphia, for example, a new junior 
faculty position opens up on average 
once every year or two, while New York 
University’s School of Medicine (NYUSM) 

only advertises new openings once every 
three to five years. 

National trends reflect the paucity 
of tenure-track hiring, with temporary 
positions forming an increasing proportion 
of faculty posts. The most recent annual 
report from the American Association of 
University Professors shows that, in 2011, 
three-quarters of all instructional faculty 

appointments were temporary, non-tenure-
track roles – more than three times the 
proportion in 1969, when non-tenure-track 
faculty made up just 22 percent of the total.

Temporary positions simply do not 
compare to a tenure-track post. Colleges 
often use part-time adjunct professors to 
teach short, specific courses outside the 

INSIDER

expertise of tenured staff, or as real-world 
practitioners bolstering students’ theoretical 
studies. Adjuncts’ cheaper, temporary 
employment contracts, which lack benefits 
such as healthcare, also make them a popular 
choice for university employers. 

As part-timers, many adjuncts feel cut off 
from the academic fraternity. And, despite the 
presumption that they are supplementing 
their income elsewhere, few find they have the 
time to do so. With adjuncts paid on average 
just $2,700 for a semester-long course, some 
collect an hourly rate of just $8. That’s poor 
reward for a position with no guarantee of  
long-term employment and few, if any, 
inclusive benefits.

While the odds are against you landing one 
of the coveted tenure-track positions, there are 
some things you can do to boost your chances 
and avoid falling into the adjunct trap.

The application review committee 
assessing your tenure application will look 
at your academic training and publications 

“ Tenured positions are like 
gold dust, so it is worth 
considering the alternatives”

The Postdoc Survival Guide: Part 3

In a three-part series, New Scientist serves up all you need to 
know about bagging a postdoc, making the most of your 

experience, and successfully transitioning to the tenure track

Lift off
Landing one of the few job openings on 
the faculty tenure track requires luck as 
well as scientific excellence, so always 

ensure you have a realistic backup plan, 
says Rachel Nuwer
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at San Antonio, studying the initiation and 
progress of colon cancer. He is happy in his 
position, which is a non-tenured research 
appointment rather than an adjunct role. Like 
a tenured professor, he conducts studies and 
applies for grants, but without the lifetime 
security of tenure or the added pressure of 

having to run his own lab. “I still haven’t 
decided if tenure is a goal,” he says.

If you would like to teach, a better option 
than an adjunct position is to look for a 
full-time teaching position at a university 
or college, broadly equivalent to Morris’s 
role. And outside of the university setting, 
there are fulfilling research-related jobs, 
in museums and in science writing for 
professional societies, universities, journals 
or the public.

Regardless of your interests, prepare 
for these backup plans in advance. But 
be positive: “You have tremendous skills 
that are competitive for jobs outside 
of the academy,” says Karen Kelsky, a 
former tenured professor and founder of 
The Professor Is In, an academic career-
consulting site. “I’d encourage people to 
keep an open mind about that, and not to 
delay for too many years.” 

Rachel Nuwer is a writer based in New YorkEY
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For more careers articles, visit newscientist.com/careers

“ A plan B can help you land 
an incredibly interesting job 
off the tenure-track”

before anything else, says Stephen Liebhaber, 
a professor of genetics at the University of 
Pennsylvania, Philadelphia. While tenure-
track positions are awarded on the promise of 
future research, you are most likely to catch 
a reviewer’s eye with a record of outstanding 
and interesting work, and first-author papers 
in impressive journals. “It’s not entirely fair 
to make those kinds of cuts, but that’s sort of 
the luck of the draw,” he says. 

If you manage to publish important 
research in a big-name journal, get working 
on applications as soon as possible. “You need 
to strike when the iron’s hot,” says James 
Borowiec, a professor at NYUSM. This also 
helps you avoid giving the impression that you 
are an “eternal postdoc,” he says, as lacking the 
ambition to pursue permanent positions can 
be a red flag for search committees. 

At the same time, there is no time limit on 
gaining the experience you need to submit a 
strong application to a position that matches 
your resumé. Heather Montie spent eight 
years in her postdoc and had only published 
one first-author paper by her fourth year. 
“I found it difficult to even find positions 
where it looked like I had a chance,” she says. 
Montie’s patience paid off when she was 
offered her current tenure-track position 
at the Philadelphia College of Osteopathic 
Medicine. “I think I was holding on much 
stronger and longer than most people I 
know,” she says. 

Apply yourself
Most tenure-track positions become available 
around September, with interviews taking 
place in the winter for jobs starting in the 
fall. Some people apply to a dozen positions 
before they are granted an interview, others, 
more than 50. The flexibility to move for 
your job will help you access a larger number 
of opportunities. 

After identifying a promising job posting, 
your one-page application cover letter  
should avoid anything generic and be written 
fresh each time. Make sure your language  
is clear and typo-free, but conveys your 
excitement for what you’re doing. Describe 
the research you plan to conduct, not just the 
research you have undertaken already, and 
emphasize what is new or groundbreaking 
about your work, which can help outline its 
case for funding. 

Successful applicants will win a place on an 
interview shortlist – usually with about five 
other candidates. Research the institution 
and everyone in the department so you can 

ask them relevant questions when you meet 
them. Interviews typically last two days and 
all expenses are paid. You should expect 
to have one-on-one meetings with faculty 
members, lunches with graduate students 
and dinners with tenured professors, 
sometimes in their homes.

Expect to give a research seminar and a 
short lecture, or a presentation about where 
you see your research going. The clarity of 
your presentations is considered a reflection 
of your ability to teach students, so it’s worth 
practicing beforehand. 

It’s an exhausting process, but keep your 
cool. “After the science, a major consideration 
is the personal component – whether this is 
someone you want to have as a colleague,” 
Borowiec says. 

Always have a plan B
If your tenure-track plans are not working out, 
you may need to consider a different career 
path. The good news is that “the options are 
incredibly varied,” says Zoe Fonseca-Kelly, 
program director for faculty appointments 
at Harvard Medical School, Massachusetts. 
“Having a plan B can ultimately help you 
land a position that’s actually incredibly 
interesting, even if it isn’t tenure-track.” 

Plenty of research positions are available 
in industry labs or with non-governmental 
organizations, and university labs can still 
offer non-tenure track research positions. 
Jay Morris is a research assistant professor at 
the University of Texas Health Science Center 

For some people, academia  
is a calling, not just a career.  
“I couldn’t picture myself in  
any other setting; it seemed  
to fit,” says Karen Schindler,  
an assistant professor in the 
department of genetics at 
Rutgers University, New Jersey. 

But getting onto the tenure 
track wasn’t easy.

From 2005 to 2011, Schindler 
worked on her postdoc at the 
University of Pennsylvania in 
Philadelphia, researching  
how errors occur in egg 
development. She was awarded 
two major grants from the 
National Institutes of Health 
and published five first-
authored papers. Looking for 
labs where she could continue 
her work, in 2009 she applied 
to 12 tenure-track job listings, 
but did not receive an interview 
invitation for any of them.

In 2010, she scaled up her 

search, and applied to about 
60 postings that year. She also 
contacted anyone she knew in 
tenured posts and asked them 
specifically what they were 
looking for so she could better 
tailor her applications. 

Her efforts paid off, and she 
was invited to eight tenure-
track interviews, four of which 
resulted in job offers. In January 
2012, she chose Rutgers.

“You hear time and time 
again how important it is to  
network, and I’m so glad I did 
it,” she says. “I realize that it 
was huge in helping me get as 
many interviews as I did.”

NETWORKING + PERSISTENCE = SUCCESS

PH
O

TO
G

G
R

A
PH

 C
O

U
RT

ES
Y 

O
F 

A
LE

X
A

N
D

R
A 

N
GU

YE
N

WorldMags.net

http://worldmags.net/
http://worldmags.net/


56 | NewScientist | 15 March 2014

DELIGHTFUL nonsense – that was 
Henry Shipley’s verdict on the 
conspiracy concept that orchestras 
tune the note A to 440 hertz because 
of a Nazi plot (18 January). He 
observes that the subject could 
introduce a strange unit: the foot as a 
unit of pitch. Or not so strange: the 
speed of sound in air means that the 
note middle C is produced by an organ 
pipe about 2 feet (0.6 metres) long, 
while a 1-foot pipe produces the  
C an octave above this.

And in this connection, David 
Fletcher points to an as yet under-
appreciated consequence of carbon 
dioxide emissions: global flattening. 
Back in 1998, he wrote that 
calculations published in the Journal 
of Theoretical and Applied Acoustics – 
which we have not tracked down – 
dealt with the increase in density of 
air with CO2 concentration. These 
revealed, he reported at the time and 
at bit.ly/global-flattening, that the 
pitch of a baroque instrument which 
today is A = 415 Hz would at the time 
of construction actually have been A = 
438 Hz.

AUSTRALIA’S Abbott government 
has, unfortunately, made it crystal 
clear to the rest of the world where 
it stands on climate change. 
Lindsey Slights was still shocked 
by comments from environment 
minister Greg Hunt on the cost  
of rescuing passengers from the 
Russian research vessel the 
Akademik Shokalskiy, stranded  
in the Antarctic in January.

He described the affair as “a 
reminder that everyone operating 
in the Southern Ocean – be they 
whalers, protesters, climate 
believers or those of a different 
view – has to put safety ahead of 
everything else”. As Lindsey says: 
“to have the Environment 
Minister suggest that the climate 
itself may or may not actually 
exist is really taking it a step  
too far”.

WHEN we asked whether readers 
knew any other examples of acrostics 
in science, we should have known  
that it would be a mathematician who 
came up with something more elegant 

than the undergraduate physics essay 
featuring a Rick Astley song in the 
first letter of each line (8 February).

Peter Johnstone sends a paper 
published in 1981, in which he 
answered the question of whether a 
mathematical structure introduced by 
Dana Scott a decade earlier, known as 
the Scott topology, had the property 
called “sobriety” – which Feedback 
does not pretend to understand  
(doi.org/c23mkw). It was natural, 
then, that this short paper be titled 
“Scott is not always sober”; and the 
initial letters of the sentences spelled: 
“I’m not being personal Dana.”

Peter recalls that the publisher’s 
lawyers insisted that these letters  
and the word “acrostic” be in bold 
type, afeared that Dana Scott would 
sue – “though he had already seen, 
and been heartily amused by,  
the article”.

The late John Isbell subsequently 
“completed” Peter’s paper “by giving 
an example of a complete lattice 
whose Scott topology fails to be 
sober”. He circulated an abstract 
entitled “Johnstone is not all there”, 
the initial letters of the sentences 
spelling out peccavi – Latin for “I have 
sinned”. Unfortunately, the editors 
were having none of that in the 
published paper.

RESPONDING to highly publicised 
and disastrous crashes involving 
cars proceeding in the wrong 
direction on high-speed 
highways, New York State is 
installing radar systems to spot 
such wrong-way drivers. These 
systems will warn drivers with 
illuminated signs – and by 
sending text alerts to their 
cellphones.

This initiative was announced 
by the same state governor, 
Andrew Cuomo, who has pushed 
for laws preventing drivers from 
texting. CBS News reports at 
 bit.ly/wrong-way-text that “the 
new system doesn’t allow drivers 
to violate the no-texting laws”.

Feedback is still trying to work 
out how this works. We dismiss 
the idea that people who drive  
the wrong way would obey a legal 
requirement that they bring a 

passenger to read the text to 
them. And who would volunteer 
to be that passenger?

FEEDBACK, Mike Green says, “appears 
to have completely misunderstood a 
simple difference between schools 
‘getting better all the time’ and ‘grade 
inflation’ ”. We were considering UK 
Education Secretary Michael Gove’s 
explanation that all schools could be 
above average if they were “getting 
better all the time” and admitted this 
was technically possible, only if test 
scores rose continuously (1 February).

“Getting better all the time”, Mike 
observes, “is what happens when my 
party is in government; ‘grade 
inflation’ when it’s yours.”

FINALLY, Feedback harbours a 
suspicion that Michael Gove did 
not necessarily intend the logical 
sense of “getting better all the 
time”, the distinction of which 

from “grade inflation” we discuss 
above. We remind him of the 
words of John Lennon and Paul 
McCartney, which continue:  
“I used to get mad at my school / 
The teachers who taught me 
weren’t cool / You’re holding me 
down / Turning me round / Filling 
me up with your rules.”

None of this is, we believe, in 
complete accordance with stated 
government policy. 

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.

   The BBC in January reported exciting news  
of “finding a way to do 3D surgery on the 
brain” – as opposed to how many dimensions,  
Dave Goodwin wants to know
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It’s not the knot
Why do shoelaces with a circular cross 
section come undone more easily than 
those with a flatter cross section?
 
■  The thing that holds a shoelace 
in place is friction. Lots of friction 
means the lace is difficult to undo. 
Little friction and the lace can 
slide undone as you walk along.

If you rub two wooden rods of 
circular cross section together, 
there is very little friction because 
the point of contact between the 
rods is small. Compare this with 
rubbing two flat, wooden slats 
against each other. There is much 
more friction because there is 
a much greater contact area. 
The same principle applies to 
shoelaces. Added to this, flat laces 
have an extra degree of freedom 
in that they can warp across  
their width, in effect wrapping 
around other bits of shoelace and 
increasing friction even more. 
David Muir
Science department,
Portobello High School,
Edinburgh, UK

■  I would suggest the problem 
of shoelaces coming undone 
has less to do with the cross 
section of the laces and more to 
do with being tied incorrectly. 

The standard shoelace knot can 
be described as a doubly slipped 
reef knot. It comprises a reef knot 
in which both loose ends are fed 
back on themselves to create a 
method of rapidly undoing the 
knot. The crucial point in tying 
a reef knot is that the two 

overhand knots of which it is 
made are of opposite handedness 
– left over right, then right over 
left. If the handedness of each 
overhand knot is the same, then 
one ends up with a similarly 
doubly slipped granny knot. 

Such knots have a tendency 
to come undone more easily 
than a correctly tied shoelace 
knot. The way to tell if you’re 
tying a granny knot or a correct 
shoelace knot is to see how the 
laces and the loops lie. With a 
shoelace knot, they will naturally 
lie across both sides of the shoe. 

With a granny knot they will 
lie perpendicular to the tied lace, 

pointing up your leg and to 
your toes. If you have a granny 
habit, the easiest way of 
correcting this is to simply 
reverse the handedness of the 
initial twist of your laces.

The tying of one’s shoelaces 
is discussed in wonderful detail 
on Ian’s Shoelace Site, along 
with helpful pictures (at bit.ly/
TheGrannyKnot). My ongoing 
straw poll would suggest that 
about half of people tie their 
shoes with a granny knot and 
that problems of them coming 
undone – be the cross section 
round or flat – invariably 
disappear once they start tying 
them correctly.
Henry Gomersall
Oxford, UK

High growth
While at about 2000 metres altitude 
in Austria, I found lumps growing on 
the leaves of a plant (see photo). The 
smaller lumps were yellow, but they 
changed to orange, then red, as they 
got larger. They were growing directly 
from the leaves, not the stem. And 
they were also very cold – there was 
condensation on them. What are 
these fruit-like growths?

■  The plant looks like one of the 
Alpine rhododendron species, 
probably Rhododendron 
ferrugineum (the rusty-leaved 
alpenrose or the snow rose). 
This plant is subject to a number 
of fungal diseases, one of which 
causes a leaf gall like the one 
shown. It is caused by the fungus 
Exobasidium rhododendron. 

The fungus infects the plant 
and releases plant hormones 
which cause the galling. The 
gall forms a perfect place for the 
fungus to grow and reproduce. It 
is rarely a serious disease and does 
little damage to the plant. It is 

generally prevented by snapping 
the galls off the plant to prevent 
spore release by the fungus.
Peter Scott
Hove, East Sussex, UK

This week’s 
questions
LET THERE BE LIGHT
I recently had a power cut. The 
local street lights went out, and all 
the houses were blacked out. But 
to my surprise, I discovered the 
LED light bar over my fish tank 
was still on. Does this mean there 
was still power coming through? 
If this is case, could I foil a power 
cut by installing LED room lights?
Steve Krafft
Orpington, Kent, UK
 
TRANSFORMING TEE
I have a T-shirt that appears to be 
black and grey in normal light. But 
when seen through sunglasses,  
it seems to be a deep red-purple. 
This also happens when the T-shirt 
is inside a green tent. It appears 
normal in the early morning and 
late evening, so it doesn’t seem  
to be a lack of light causing the 
colour change. What’s going on?
Lewis O’Shaughnessy
By email, no address supplied

WHY LIE?
Lying seems to be pretty much 
standard human practice: it 
seems virtually everyone does  
it to a greater or lesser extent.  
So why do we hate being caught?
Paul Loker
Guildford, Surrey, 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. 

Coming next week...  
Your chance to win £100 by answering our next 
monthly question about energy issues 
To find out more and to read previous Last Word answers on 
energy, please visit www.newscientist.com/topic/energy

THE LAST WORD ON ENERGY
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“If you have a granny habit, 
the way to correct this is 
to reverse the initial twist 
of your shoelaces”
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