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THE relationship between 
geneticists and the Native 
Americans of the US has not been 
an easy one. Tribes are suspicious 
of the motives of scientists, and 
geneticists are reluctant to use 
existing tissue and blood samples 
from Native American people. 

The origin of this impasse can 
be traced back to a case involving 
Arizona State University and the 
Havasupai people. In the early 
1990s, a group of Havasupai gave 
blood samples in the hope of 
understanding the high rate of 
diabetes among their people. 

Years later, they discovered  
that scientists had also used the 
samples to study inbreeding and 
to test the theory that the first 
Americans came from Siberia. This 
last point particularly offended 
the Havasupai, who believe they 
originated in the Grand Canyon. 

In 2010, the university agreed to 
pay $700,000 to members of the 
tribe and apologised for how its 
scientists had used the DNA.

The case left deep scars and a 
US-shaped hole in understanding 
of the peopling of the Americas.

That could now change with the 
release of the first fully sequenced 
genome of an ancient American. 

Comparisons with DNA from 
indigenous people in Canada and 
Latin America show, remarkably, 
that all these groups can indeed 
trace their ancestry to a small 
company of people who crossed 
over to North America from 
Siberia (see page 8).

This immense scientific 
achievement all but wraps up a 
long-running controversy. Ideally, 
though, geneticists would like to 
compare the DNA with that from 
US Native Americans. 

Geneticists shouldn’t hold  
their breath. Many tribes derive 
their identity not from their  
genes but from their land and 
origin myths. They fear that the 
idea they are descended from 
Siberians will be used to relegate 
them to just another immigrant 
group among many.

As elsewhere in the world, 
notions of identity and origin  
are more complex than lines of 
descent drawn in DNA. As more is 
discovered about the peopling of 
the world, geneticists need to be 
aware of those sensitivities, or risk 
alienating the very people whose 
origins they wish to understand.  ■

Origin truths

LEADERS

An ancient genome alone won’t heal long-standing rifts 

ONE of the more outlandish 
objections to same-sex marriage 
is that it will open the door to 
people marrying animals or 
inanimate objects. This is, of 
course, nonsense: a marriage is 
between two adults who want to 
get hitched, end of story.

In the not-too-distant future, 
however, the moral anxieties that 
underpin this claim are likely to 

resurface in a more realistic  
form: should people be allowed  
to marry robots? Technology is 
improving all the time, and the 
implications of human-robot 
relationships are already being 
fretted over by fundamentalist 
Christians (see pages 24 and 29).

You might argue that the same 
rule applies: marriage should be 
between consenting human adults 

only. But that won’t stop people 
from forming relationships with 
robots, or cohabiting with them.

It is hard to see wider society 
accepting such relationships as 
valid. Perhaps our evolving 
knowledge of the biology of love – 
as a brain state mediated by 
neurochemicals that evolved to 
increase reproductive success  
(see page 26) – will make society 
more understanding. But the love 
for a robot may become a love  
that dare not speak its name.  ■

“Notions of origin and 
identity are more 
complicated than lines  
of descent drawn in DNA”

Roses are red, robots are...?

TWO weeks of frigid lunar night 
ended for China’s Jade Rabbit 
moon rover last weekend, but the 
crippled craft failed to wake. There 
were hopes it could be revived, but 
as New Scientist went to press it 
was still not responding. 

If Jade Rabbit really is dead, the 
temptation in some quarters will 
be to dance on the grave of China’s 
entire moon programme. Not so 
fast. Historically, about half of all 
moon missions have failed. China 
won’t let one failure get in the way 
of its ambitious plans – including 
a crewed lunar base (see page 42).

And if imitation is the sincerest 
form of flattery, the fact that the 

US has revived its interest in the 
moon after decades of inaction is 
telling. On Tuesday, NASA began 
to accept applications from 
private companies for a new 
programme that aims to build 
robots for lunar mining.

Whatever the fate of the rabbit, 
China has put the moon back on 
the map – and has shown it is a 
force to be reckoned with.  ■

A big bunny hop 
for China
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UPFRONT

CHILDREN with cancer are 
missing out on potentially life-
saving drugs due to a loophole in 
European Union regulation.

In 2007, the EU said all drugs 
developed for adult cancers 
should be considered for use in 
children. That’s because most of 
these drugs will target molecules 
that are also implicated in 
childhood cancers. However, 
pharmaceutical firms can apply 
for a waiver if the cancer the drug 
is developed for doesn’t occur in 
children – but this doesn’t mean 
the drug won’t be useful.

For instance, children do not 
usually get lung cancer, yet some 
drugs used to treat it in adults 
target genes that go awry in 

cancers that do affect children. 
A survey carried out by the 

Institute of Cancer Research (ICR) 
and others found that 26 of 28 
cancer drugs approved for adults 
since 2007 could be relevant in 
childhood cancers, but 14 were 
excluded from trials because of 
this loophole.

Companies are put off testing 
medicines in children by high 
costs and a fear of adverse effects, 
says Louis Chesler of the ICR. 

Kids denied drugs

US vs the climate
IT’S all hands on deck. The US is 
creating seven “climate hubs” to 
help ordinary people, particularly 
farmers, handle global warming.

The hubs will link government 
agencies better, helping scientists, 
farmers, ranchers and land-owners 
talk to each other. This way, 
scientists will know the problems 
farmers face, while farmers can 
quickly learn of new solutions.

Seven hubs will open around 
the country, overseen by the US 
Department of Agriculture 

Slow rivers to avoid floods
IT NEVER rains but it pours. Much of 

southern England is flooded after a 

record-breaking two-month deluge. 

More than 5000 homes in Somerset 

and the Thames valley are affected. 

Many residents think rivers should 

have been dredged, but this would 

have made little difference. The only 

solution is to slow the flow into rivers, 

or perhaps build an artificial lagoon.

Rainfall in England and Wales in 

December and January has been the 

heaviest since records began. As the 

waters rose, residents blamed the 

Environment Agency and its chief, 

Chris Smith, for failing to dredge 

rivers, which would let water escape.

But the floods would still have 

happened. “Given the amount of rain 

that has fallen, you could have 

doubled the carrying capacity of 

every drainage channel in Somerset, 

at huge cost, and large parts would 

still have flooded,” says Hannah Cloke 

at the University of Reading, UK.

Instead, we must manage entire 

rivers. “You need to help slow down 

the flow of water into rivers, and help 

water infiltrate into the ground,” says 

Cloke. This could mean placing debris 

in tributaries near the source, to slow 

the flow into the river, or holding 

water with barriers until it soaks away.

Homes near rivers need sustainable 

drainage, says an Environment 

Agency engineer who wished to be 

anonymous. “This could be simple 

things like water butts, plus porous 

driveways and balancing ponds to 

hold back excess water and drain it.”

For Somerset, one solution might 

be to build an artificial lagoon at the 

mouth of the river Parrett. “It would 

serve as an enormous valve to control 

“Companies are put off 
testing medicines in 
children by high costs and 
fear of adverse effects”
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drainage from the river,” says Roger 

Falconer of Cardiff University, UK.

Such a plan, the Bridgewater Bay 

Lagoon, was rejected in 2010 by the 

Welsh Assembly. The idea was to 

build a 20-kilometre dam around the 

river mouth, to drain water out when 

tides fell and keep it out. This would 

lower the lagoon waters below the 

land, speeding up drainage. Up to 

640 million cubic metres of water 

could be drained daily, says Falconer.

Cloke says the scheme could help, 

but still wouldn’t solve the problem. 

“It would be unrealistic to think you 

can control these enormous floods.”

“The solution for residents and 

communities is to adapt to living with 

it,” Cloke says. “They shouldn’t expect 

the government or the Environment 

Agency to protect them from a flood 

that’s impossible to protect against.”
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IT’S alive! After suffering a critical 
injury last year, NASA’s Kepler 
space telescope has seen its first 
exoplanet in months.

The Jupiter-sized world isn’t a 
new discovery, but spotting it is 
solid evidence that, following a 
few tweaks, the famed planet-
hunter is ready to get back to work.

Kepler was designed to stare 
at a patch of sky and look for the 
tiny dips in starlight caused by a 
planet passing in front of its star. 
Observations ground to a halt last 
year when mechanical failures 
ruined Kepler’s ability to hold 

steady long enough to see these 
telltale dips.

Until now. In January the Kepler 
team ran a test for a new mission, 
called K2, in which they used 
radiation pressure from sunlight 
to help Kepler lock on to a star for 
up to 75 days. The test nabbed the 
mission’s first planet: a gas giant 
called WASP-28b.

Unfortunately, K2 cannot 
stay steady long enough to find 
habitable Earth-sized planets 
around sun-like stars. Instead, 
the new mission will collect data 
on very young, bright stars and 
search for planets or planet-
forming discs around them.

Exoplanet revival
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Car smoking ban
NO BUTTS. The UK government 
voted decisively on Monday to 
ban smoking in cars when 
children are present. 

About 11,000 people die from 
passive smoking in the UK each 
year, according to Cancer Research 
UK. Anyone exposed to second-
hand smoke at home or work 
significantly increases their risk 
of heart disease and lung cancer. 

Children are particularly 
vulnerable as their lungs and 
immune system are developing. 
Those whose parents smoke are 
more likely to develop bronchitis 
and pneumonia, and are at 
increased risk of cot death, asthma, 
ear infections and meningitis. 

Canada introduced a ban on 
smoking in cars carrying children 
in 2008. Research published 
last year by Hai Nguyen at the 
University of Toronto showed that 
the legislation had  cut children’s 
exposure to second-hand smoke 
by 33 per cent.

Smoking is also on the agenda 
in the US. Last week, one of the 
country’s biggest drug stores, CVS 
Caremark, announced that from 
1 October 2014, its 7600 stores 
will no longer sell tobacco 
products. The move may cost 
$2 billion but the company plans 
to recoup by expanding into 
healthcare services. –Einstein a go-go for Singh–

(USDA). They will “prepare folks 
for what we know will happen, so 
they’ll have a better ability to 
cope”, says Steve McNulty of the 
USDA Forest Service Southern 
Research Station in Raleigh, North 
Carolina. That could mean using 
drip irrigation and early warning 
systems to protect farmers from 
water shortages, he says.

As well as helping people adapt 
to climate change, the hubs may 
also slow it down, for instance by 
spurring farmers to grow plants 
in the off season, locking carbon 
in the soil as well as protecting 
against new pests, says Michael 
Hoffmann of Cornell University.

60 SECONDS

Bitcoin gets the jitters
The oldest Bitcoin exchange, Mt. 

Gox, has suspended withdrawals, 

claiming that a Bitcoin software bug 

has made it possible to falsify 

transactions. Bitcoin coders say the 

issue has been common knowledge 

since 2011 and Mt. Gox’s own 

software is at fault. Bitcoin prices fell 

from around $800 to $550, but as 

we went to press had rallied to $700. 

Run for your retina
The three blind mice should have 

kept on running. For the first time 

exercise has been shown to protect 

the retina of mice with a condition 

that mimics macular degeneration, 

one of the leading causes of 

blindness in older people (The 

Journal of Neuroscience, DOI: 

10.1523/jneurosci.2062-13.2014).

Prints in the sand
Footprints left by five prehistoric 

humans between 850,000 and 

950,000 years ago have been 

discovered on a beach in Norfolk, 

UK – the oldest prints like this found 

outside Africa. The climate 850,000 

years ago was colder than it is now, 

so the individuals were at the 

northernmost limit of hominin 

settlement (PLoS One, doi.org/rd2).

What’s the beef?
Almost 4 million kilograms of beef 

products were recalled by a 

California slaughtering plant after 

federal inspectors said the plant 

“processed diseased and unsound 

animals” and that “products are ... 

unsound, unwholesome or 

otherwise are unfit for human food”.

Death of a giraffe
Marius, an 18-month-old male 

giraffe from Copenhagen Zoo, was 

put down on Sunday, to the dismay 

of animal rights organisations. The 

Danish zoo said that it was following 

rules of the European Association of 

Zoos and Aquaria to prevent 

inbreeding: Marius simply had the 

wrong genes. He was dissected in 

public then fed to the lions. 

Einstein ripples lure in India 
BIG science is on the agenda for India, 

space-time ripples to be exact. Prime 

Minister Manmohan Singh recently 

told the Indian Science Congress that 

his nation intends to host a crucial 

part of the world’s largest 

gravitational wave observatory.

Gravitational waves are ripples in 

the fabric of space-time generated by 

some of the most violent events in 

the universe, such as the merging of 

two black holes. They are predicted 

by Einstein’s theory of general 

relativity, but so far the waves have 

escaped detection.

The experiment that might get 

there first is the Laser Interferometer 

Gravitational Wave Observatory 

(LIGO). It has two detectors, one in 

Washington, the other in Louisiana. 

Both are being upgraded but the 

international LIGO team has been 

scouting for a third site, which would 

allow them to triangulate and locate 

the sources of gravitational waves.

This site must be far away from 

the other two, seismically quiet and 

able to house two 4-kilometre-long 

arms. Several areas in India fit the bill. 

The Indian government now has to 

give its final approval for LIGO-India 

to become a reality.

If it does, it will boost India’s 

science credentials, coming hot on 

the heels of the launch of the 

country’s first Mars orbiter. “This will 

be a very major project on Indian soil,” 

says Ajit Kembhavi of the Inter-

University Centre for Astronomy and 

Astrophysics in Pune.
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Catherine Brahic

WE MAY never know who the 
Anzick child was. Why he died, 
just 3 years old, in the foothills of 
the American Rockies; why he was 
buried, 12,600 years ago, beneath 
a huge cache of sharpened flints; 
or why his kin left him with a bone 
tool that had been passed down 
the generations for 150 years. 

One thing, however, is certain: 
his afterlife is anything but 
ordinary. This week, geneticists 
announced that the boy is the 
earliest ancient American to have 
his entire genome sequenced. 
Incredibly, he turns out to be  

a direct ancestor of most 
tribes in Central and South 
America – and probably the 
US too – as well as a very close 
cousin of Canadian tribes. 

“It’s crazy,” says Eske Willerslev 
of the University of Copenhagen 
in Denmark, who led the genomic 
analysis. “Finding someone who is 
directly ancestral to the entire 
population of a continent – that 
just does not happen. I don’t think 
it would ever happen in Europe, 
or in Siberia. There are very few 
places where this could happen.”

“The reason,” he says, “must  
be that this skeleton is really  
close to the source – really close  

to the ‘Adam’. I think that is the 
only explanation.”

The find offers the first  
genetic evidence for what Native 
Americans have claimed all 
along: that they are directly 
descended from the first 
Americans. It also confirms that 
those first Americans can be 
traced back at least 24,000 years, 
to a group of early Asians and a 
group of Europeans who mated 
near Lake Baikal in what is  
now Siberia. And it dispels a 
controversial theory that the 
Americas were first populated by 
west Europeans who somehow 
crossed the Atlantic Ocean. 

The boy was discovered in 
Montana in 1968, when diggers 
working on land owned by the 
Anzick family accidentally 
ploughed into a huge cache 
of stone tools. The flints were 
typical of the Clovis period, a 
short archaeological period in 
North America lasting from 
13,000 to 12,500 years ago. 
Beneath them lay a handful of 
bone artefacts and a skeleton. 

Clovis artefacts are scattered 
all over the western US. 
Archaeologists largely believe 
that the first Americans arrived 
by a land bridge from Asia about 
15,000 years ago, and some  

THIS WEEK

America’s native son
A boy who died 12,600 years ago can link native peoples across continents
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went on to develop Clovis tools.
Willerslev and his colleagues 

were able to extract enough 
viable DNA from the boy’s badly 
preserved bones to sequence 
his entire genome.

They then compared this  
with DNA samples from 
143 modern non-African 
populations, including 52 South 
American, central American 
and Canadian tribes. 

The comparison revealed a 
map of ancestry. The Anzick child 
is most closely related to modern 
tribes in Central and South 
America, and is equally close to  
all of them – suggesting his family 
were common ancestors. To the 
north, Canadian tribes were very 
close cousins. DNA comparisons 
with Siberians, Asians and 
Europeans show that the further 
west populations are from Alaska, 
the less related they are to the boy.

Fully sequenced genomes 
remain rare, so the bulk of the 

analysis was done by looking  
at genetic markers known as 
single nucleotide polymorphisms 
or SNPs. To confirm the pattern, 
Willerslev and his team sequenced 
full genomes from three 
contemporary Mayan and 
Karitiana individuals in Central 
and South America. 

The findings offer genetic 
confirmation that the first 
Americans crossed the land 
bridge that once stretched from 
Siberia to Alaska across the 
Bering Strait. 

“The Clovis population seems 
to be more closely related to South 
Americans than to native North 
Americans,” says David Reich of 
Harvard Medical School in Boston. 
“That’s telling you that the Clovis 
sample seems to have occurred 
after the initial split of the 
lineages that gave rise to native 
South Americans and native 
North Americans.” 

In this section
■ Fusion hits an energy milestone, page 11

■ Urban astronomy goes supernova, page 12

■ Is an immune attack behind schizophrenia?, page 14

“This skeleton is really close 
to the source – really close 
to the ‘Adam’. I think that is 
the only explanation”

A deep connection
Evidence that the Anzick child is a forebear of all 
Native Americans has changed Shane Doyle’s world 

How did you find out about the Anzick child? 

I was invited to the burial site last year, where Eske 

[Willerslev, who led the team sequencing the boy’s 

genome] told me about his findings (see “America’s 

native son”, opposite). It was overwhelming. I didn’t 

quite know what to say. I was overcome with 

emotion. I knew that it was going to be a landmark 

discovery but I don’t think I realised how significant it 

was. I’m still wrapping my head around it. I can say 

my life hasn’t been the same since that day though. 

In what way has your life changed?

For one thing, having that knowledge. As Indian 

people, we’ve always believed that we’ve always 

been here. But to have an intellectual sense of that 

really added to my sincere feeling that this is my 

homeland. I still am kind of in awe of it. My ancestors 

amaze me, really, all that they did and how they took 

care of that boy and his grave. 

I sang an honour song that day. There was a 

burial there that was disturbed. It was an accident, 

and now we’re trying to make it right, we’re trying  

to heal some of the stuff that has happened, we’re 

trying to heal that wound in the earth and the 

wound between the scientific community and 

tribal communities in America.

What does the burial site mean to you? 

He’s kind of like a King Tut in a way. These people 

were hunter-gatherers, they had no agriculture, no 

disposable economy, everything was important to 

them, their tools took hundreds of hours to produce. 

To put them all, that kind of wealth, in the grave of a 

[three-year-old] boy who wasn’t a pharaoh or 

anything… it is just too much for words. 

What are you telling others about the finds?

My goal is that everyone learns about the story: 

not just the genetics, but also the amazing cultural 

artefacts. I feel a responsibility that more people 

should know about this. It’s a story probably every 

American should know. There are different ways to 

do that, but I’m an educator so one of my goals is to 

turn this into a public school curriculum so students 

can find out about the scientific, historical and 

cultural significance of it.

Where is the boy now?

He is in an undisclosed location, a safe place. Now 

the scientific paper is out, we’ll get feedback from 

other tribes, and maybe some will want to help with 

the reburial. His parents could never imagine how 

important he was going to be and now I think we 

should put him back. 

How have other Native Americans reacted?

Responses have been very measured. I don’t think 

the cultural significance has played out. Funnily 

enough I think that will happen when they see it in 

the papers and on TV. Our whole life experience has 

been: “You are not important, you have no culture, 

you’re cavemen.” So for them to get excited about 

scientific discoveries where science has in large part 

either ignored or neglected us... there’s a lot of mixed 

emotions. 

There’s a rift between geneticists and Native 

Americans, who have been reluctant to have 

their DNA sequenced. Will this change? 

I hope so. I don’t believe there’s anything wrong  

with genetic testing and I don’t think most Native 

Americans would either. What all of us agree on is 

that you should have respect for people who have 

been put in the ground. Eske’s message is that this 

work is not intended to be disrespectful. 

Interview by Catherine Brahic

PROFILE

Shane Doyle, a member of the Crow tribe in 

Montana, was the first Native American to be told of 

the Anzick child’s 12,600-year-old genome and its 

implications. He is a Crow historian and an educator 

affiliated with Montana State University in Bozeman
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Unfortunately, long-standing 
tensions between US tribes and 
scientists mean there is no 
significant genetic data available 
from these peoples (see Leader, 
page 5). Having that data, says 
Reich, could help determine 
which groups lie on either side 
of the North and South 
American family tree.

In November, Willerslev 
published the genome of another 
ancient boy, the 24,000-year-old 
Mal’ta boy, from the shores of 
Russia’s Lake Baikal. The boy’s 
DNA showed he descended from 
a mating between early Asians 
and proto-Europeans, and that 
he is related to modern South 
Americans. Like modern South 
American DNA, the Anzick DNA 
is a mix of Mal’ta and other Asian 
DNA, pointing to a “source” 
population for the first 
Americans, probably in far 
eastern Siberia (see map, page 8). 

But how many first 
Americans were there, and did 
they come all at once or as a slow 
trickle? “The most likely scenario 
is that a single migration of 
people into the heartland of North 
America around 15,000 years ago 
gave rise to the Clovis and their 
descendants, which includes 
modern Native Americans,”  
says Mike Waters of Texas A&M 
University in College Station,  
a co-author with Willerslev  
on the latest study. “This is 
supported by the archaeological 

and genetic evidence.” 
In fact, Willerslev wagers 

that the first group to cross over 
from Siberia was no more than 
100 strong. Another of Willerslev’s 
co-authors, David Meltzer of the 
Southern Methodist University 
in Dallas, Texas, is more cautious. 
For now, he says, we have just  
one genetic data point. And the 
study cannot address whether 
early migrants came through  
the interior of North America,  
or hugged the coast. The interior 
route would not have opened 
until 13,500 years ago, but earlier 
remains have been found in 
Monte Verde in Chile. So a first 
group may have come down  
the coast, and later groups from 
the same source population 
followed inland, carrying the 
same genetic heritage.

Perhaps the most evocative 
mystery that remains is the 
identity of the boy himself. His 
is the only known Clovis grave. 
The tools he was buried with – 
including one that was already 
150 years old and fashioned from 
an elk bone – would have been 
priceless heirlooms to those who 
carried them. Yet they left them 
in the ground with a child. 

We may never know who the 
Anzick child was, but scientists 
and local US tribes have agreed to 
lay him back to rest (see “A deep 
connection”, page 9). He will be 
reburied sometime in the next 
few months.   ■ 
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THE world is at our fingertips. For the 

first time, a person who lost his hand 

has had a near-natural sense of touch 

restored thanks to a prosthesis that 

delivers electrical signals straight to 

individual nerves. 

The approach is the most 

significant step yet on the road 

to creating prostheses that feel 

indistinguishable from real limbs. 

“The feeling is very close to the 

sensation you get when you touch 

things with your normal hand,” says 

Dennis Aabo Sørensen, who used  

the prosthesis for six weeks.

To restore Sørensen’s sense of 

touch, Silvestro Micera at the Swiss 

Federal Institute of Technology in 

Lausanne and his colleagues 

implanted tiny electrodes inside the 

ulnar and median nerve bundles in 

Sørensen’s upper arm. These were 

connected to pressure sensors on the 

fingertips and palm of a robotic hand. 

When Sørensen used the hand to 

grasp an object, electrical signals from 

the pressure pads fired directly into his 

nerves, giving him a sense of touch. 

This enabled him to differentiate 

objects held in his prosthetic hand by 

touch – something prosthesis wearers 

typically struggle to do (Science 

Translational Medicine, doi.org/rdr). 

The game changer is the 

development of electrodes that can 

selectively activate individual nerves 

within the bundles. This means that 

sensations from multiple parts of  

the hand can be transmitted at once, 

giving a more natural feeling. 

The technique is more promising 

than alternative approaches. An 

electrode “cuff” that clamps around 

the outside of nerve bundles is also 

being tested but because the 

electrodes don’t enter the nerves, 

greater changes in electrical input are 

needed for stimulation. This makes 

sensations coarser, says Micera. 

Sliman Bensmaia at the University 

of Chicago, Illinois, has restored a 

sense of touch in macaques by routing 

signals from a prosthesis directly to 

the brain. There is no way of knowing 

how natural the sensation is, but the 

method could help people who lack 

functioning peripheral nerves, such 

as those with upper spinal damage. 

But the direct route isn’t 

necessarily the best. Signals that 

travel via the nerves in the arm arrive 

through the brain’s usual channels, 

allowing it to be interpreted more 

naturally, says Micera. “You have  

the brain helping you do the job.”  

Douglas Heaven  ■

Bionic hand is best hope 
to restore sense of touch

– Plastic cups now feel plastic –
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“ The feeling is very close 
to the sensation you get 
when you touch things 
with your normal hand”
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Jacob Aron

CLEAN energy inspired by the stars 

is the dream of scientists pursuing 

nuclear fusion, in which atomic nuclei 

fuse together and release energy. In a 

first for laser-driven fusion, scientists 

at a US lab say they have reached a key 

milestone called fuel gain: they are 

producing more energy than the fuel 

absorbed to start the reaction.

But the National Ignition Facility 

(NIF) in Livermore, California, is still 

a long way from sparking a self-

sustaining fusion reaction with an 

overall gain in energy – a process called 

ignition. Currently, the reactor as a 

whole needs more energy to operate 

than the amount that is produced.

“This is a significant step in fusion 

research,” says Omar Hurricane at 

the Lawrence Livermore National 

Laboratory, which operates NIF. 

“But there is a long path ahead for 

fusion energy as a power source.”

Inside a star’s core, the intense heat 

and pressure fuse hydrogen atoms, 

creating helium nuclei and releasing 

vast amounts of energy. Hurricane 

and other researchers at NIF are 

attempting to achieve a similar effect 

by firing 192 laser beams into a gold 

chamber, which converts the lasers’ 

energy into pulses of X-rays. A series 

of four of these pulses squeezes a 

small fuel pellet containing deuterium 

and tritium, both isotopes of hydrogen, 

causing the pellet to implode and 

briefly undergo fusion.

NIF has been operating since  

2009, but with slow progress. The lab 

missed a September 2012 deadline for 

ignition set by the US Congress. So in 

2013, NIF adjusted their laser set-up 

so that the X-rays hit the fuel pellet in 

three pulses, heating the fuel faster. 

Two runs of this modified 

experiment in September and 

November last year achieved fuel gain, 

Hurricane and his colleagues report 

(Nature, DOI: 10.1038/nature13008). 

The experiment delivered about 

10 kilojoules of energy to the fuel pellet, 

which released roughly 15 kilojoules.

However, the total energy input to 

the system by the laser was close to 

2 megajoules. Some energy is lost 

during the process, for example when 

the laser is converted to X-rays. That 

means the fuel gain at NIF represents 

less than 1 per cent of the total energy 

entering the system.

Nevertheless, the NIF team and 

others are hopeful that the work is a 

step in the right direction. “They now 

have a handle on the physics and 

understand how to drive the machine,” 

says Bob Bingham at the University  

of Strathclyde in the UK.

What’s more, the helium nuclei 

generated during the experimental 

runs are colliding with fuel in the 

pellet, sparking further fusion 

reactions. This self-heating should 

lead to ignition, says Hurricane.

Lasers aren’t the only route to 

fusion. The International 

Thermonuclear Experimental Reactor 

(ITER), currently under construction in 

Cadarache, France, will use a method 

that traps fusing hydrogen using 

magnets. Previous magnetic reactors 

achieved self-heating, but none have 

yet seen ignition.

“I applaud the result that they have 

obtained and encourage the NIF team 

to continue on the road to ignition,” 

says ITER scientist Paul Thomas.

Even if NIF reaches its goal and 

harnesses the power of the stars, 

creating the fuel and precisely 

targeting the lasers is a slow, laborious 

process, and the intense laser blasts 

degrade the machine faster than a 

commercial operation could bear. Such 

engineering challenges will need to be 

solved before fusion power becomes 

practical, says Hurricane.  ■

Fusion power inches closer to stardom
INSIGHT Fusion energy
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–Fuel’s gold chamber–

“A threshold was crossed in 
September 2013, so there 
is a 76 per cent chance of 
an El Niño this year”

HOLD on to your ice lollies. Long-term 

weather forecasts suggest 2014 will 

be the hottest year on record, because 

climate bad boy El Niño seems to be 

preparing to spew heat into the air.

An El Niño occurs when warm water 

deep in the Pacific rises to the surface. 

It brings rain to South America, and 

drought and fires to Indonesia and 

Australia. It is part of a cycle called 

El Niño may 
make 2014 the 
hottest year yet

the El Niño-Southern Oscillation.

It is hard to tell before spring if an 

El Niño will happen in a given year. 

“The El Niño-Southern Oscillation 

cycle more or less reboots around 

April-May-June each year,” says Scott 

Power of the Bureau of Meteorology 

in Melbourne, Australia.

Now a model aims to predict El Niño 

by examining a previously unexplored 

feature of Pacific weather.

Armin Bunde of Justus Liebig 

University in Giessen, Germany,  

and his colleagues looked at the link 

between air temperature over the 

equator and in the rest of the Pacific. 

Records showed that, in the year 

before each El Niño, the two regions 

became more closely linked, so their 

temperatures became more similar 

than at other times.

Bunde found that if these links 

reached a critical strength, around 

75 per cent of the time an El Niño 

formed within a year (PNAS, doi.org/

rdn). “There is certainly a correlation 

between the cooperative mode in the 

atmosphere that we measure and the 

onset of an El Niño event,” he says. 

Nobody knows why.

Now Bunde says the threshold was 

crossed in September 2013, so there 

is a 76 per cent chance of an El Niño 

this year (PNAS, doi.org/rdv).

Thanks to climate change, 2014 is 

likely to be one of the hottest years on 

record. An El Niño would make it even 

hotter, maybe the hottest ever, says 

Wenju Cai of the CSIRO, Australia’s 

national research agency, in 

Melbourne. But since El Niño normally 

straddles two calendar years, it might 

give 2015 that title.   Michael Slezak  ■
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NESTLED among community 
gardens in a sleepy north London 
suburb, there is a place where you 
can watch stars explode. 

The University of London 
Observatory (ULO) in Mill Hill is 
only a few miles down the road 
from my childhood home. I had 
no idea it existed until a few weeks 
back, when astronomers there 
announced the discovery of a 
supernova called 2014J, the closest 
star explosion to Earth in 27 years.

Usually such finds come from 
observatories in remote locations, 
such as volcanic peaks in Hawaii 
or high desert plateaus in Chile, 
where the skies are clear and dark. 
Visiting such places can involve 
weeks of planning and travel.  
By contrast, I jump on a London 
overground train to ULO after 
work. The forecast says the cloudy 
skies should clear by nightfall, 
tempting me with the prospect of 
seeing 2014J with my own eyes.

The bright lights of London 
were a minor concern when ULO 
opened in 1929, but the city’s 
urban sprawl has since engulfed 

the telescope domes, and spotting 
supernovas and exoplanets there 
can be a challenge (see “For the 
love of exoplanets”, below). Still, 
2014J highlights the unique power 
of urban astronomy.

Larger, more remote facilities 
find supernovas by automatically 
scanning the sky. Software sifts 
through the images and sends 
alerts if it finds something. But 
the new supernova resides in the 
nearby Cigar Galaxy, which has a 
complex structure that fooled the 
automatons. “The professional 
facilities missed it. They have it in 

their images but they didn’t spot 
it because they rely on software 
checking,” says staff astronomer 
Steve Fossey.

ULO’s oldest telescope, dating 
back to 1862, is anything but 
automated. Three metres long 
and adorned with gleaming 
brass, it requires careful hand-
positioning and uses weights  
and clockwork to compensate for 
Earth’s motion. I’d love to take it 
for a spin, but the dreary clouds 
refuse to budge.

Instead I am shown the next 
best thing: first images of the 
supernova. They were taken by a 
more modern ULO telescope that 
is hooked up to computers but is 
controlled and monitored by 
human beings. An eyepiece still 
juts out awkwardly to one side, 
like a vestigial limb.

Fossey then takes me to ULO’s 
central building, where we climb 
the stairs to a much larger dome 
which houses the observatory’s 
biggest telescope. Its grey, bolt-
studded body and circular 
wooden handles remind me of 
an early-20th-century ship – not 
surprising, as it was built in 1901.

Suddenly, the domed roof 
appears to rush towards me, 
accompanied by the sound of 
roaring motors: the telescope 
is so large that the floor has been 
designed to move up and down to 
accommodate its use. Originally 
powered by weights and pulleys, 
the floor is now moved by 
electric motors operated from  
a dashboard bristling with 
buttons. The electronics also 
control the telescope’s position. 
The system was retrofitted in  
1994 when the telescope’s 
photographic plates were 
replaced with a camera mount.

The final stop on my tour is 
a telescope equipped with a 
spectrograph, an instrument 

that splits light into its constituent 
wavelengths. Each cosmic object 
emits its own spectrum, revealing 
clues to its chemical make-up. 

Fossey is aiming to obtain 
a spectrum from 2014J. The 
supernova is of an exciting variety 
called a type Ia, which are all 
thought to have the same 
brightness. Astronomers use 
them as “standard candles” to 
measure cosmic distances, so they 
are key tools for understanding 
dark energy, the mysterious force 
credited with the accelerating 
expansion of the universe. 

Because 2014J is so close, 
astronomers hope to learn enough 
about it to put better limits on the 
nature of dark energy. Ultimately, 
stubborn clouds block my view 
from ULO, but when the skies 
clear, London’s hidden gem 
will continue the quest.  ■

THIS WEEK

Urban astronomy 
goes supernova

FIELD NOTES University of London Observatory
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–Domes, sweet domes–

FOR THE LOVE OF EXOPLANETS
DID you know you can see alien 

worlds from London? 

Even the relatively modest 

telescopes at the University of London 

Observatory (ULO) have taken part in 

the hunt for exoplanets. The planet 

HD 80606b was discovered in 2001 

based on its gravitational tug on its 

star. But that only tells us a planet’s 

mass and not its size. Luckily, a team 

using NASA’s Spitzer Space Telescope 

had predicted that in 2009 we would 

see the planet pass in front of its star, 

or transit, revealing the planet’s radius.

Many telescopes were lined up to 

measure the expected dip in the host 

star’s brightness, and ULO was one 

of only three groups that succeeded. 

Unfortunately for astronomer Steve 

Fossey, it happened in the pre-dawn 

of 14 February, forcing him to cancel 

Valentine’s Day with his wife. “I 

phoned her and said, ‘I’m not going to 

be home all night – breakfast is off!’ ”

“Finding the closest 
supernova in 27 years 
highlights the power 
of urban astronomy”
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AS MANY as 1 in 10 cases of 
schizophrenia may be triggered 
by an autoimmune reaction 
against brain cells, according 
to early trial results shared with 
New Scientist.

The finding offers the 
possibility of gentler treatments 
for this devastating mental 
illness. Last month, doctors at a 
conference at the Royal Society 
of Medicine in London were told 
to consider an autoimmune 
cause when people first show 
symptoms of schizophrenia. 

People with schizophrenia 
experience symptoms of 
psychosis, such as hallucinations, 
delusions and paranoia. It affects 
1 per cent of people in the West 
and is thought to be caused by 
overactive dopamine signalling 
pathways in the brain. Anti-
psychotic drugs don’t always work 
well and have serious side effects. 

Previous studies had found 
that antibodies that target the 
NMDA receptor on neurons 
trigger brain inflammation, 
leading to seizures, comas – and 
sometimes psychosis (Annals of 
Neurology, doi.org/fdgnpc). 

In the past few years, these 
antibodies have also been found 
in the blood of people whose only 
symptom is psychosis. In 2010, 
Belinda Lennox at the University 
of Oxford tested 46 people with 
recent onset of psychosis for 
antibodies known to target 
neurons. Three people – about 
6 per cent – tested positive 
(Neurology, doi.org/chs532).

“The question is whether a 
larger percentage of cases might 
have other antibodies which  
we cannot yet detect,” says  
Robin Murray at the Institute  
of Psychiatry in London, who 
wasn’t involved in the research.

Now Lennox is conducting a 
larger trial. Early results suggest 

other antibodies could well be 
involved. 

This time Lennox is testing 
240 people with schizophrenia 
for antibodies to their own brain 
cells. Again, around 6 per cent 
have known antibodies.

But she is also finding that 
some blood samples test negative 
for the known antibodies, yet 
still show an immunological 
reaction to brain cells in the lab. 
That suggests they contain 
unidentified antibodies, she says, 
which could bring the number of 
affected cases up to around 1 in 10.

Immuno-suppressive 
treatments, such as removing 
antibodies from the blood, have 
successfully been used to treat 
some cases of schizophrenia 
caused by an immune response. 
But only a handful of cases have 
so far been treated in this way, 
and no randomised trials have 
been conducted.    

The antibodies are rarely 
seen in people who have had 
schizophrenia for several years, 
suggesting that immuno-
suppressive treatment needs 
to start early to work. Lennox 
speculates that after a while the 
antibodies die away but the 
damage persists. 

She recommends widespread 
testing for these antibodies. 

Without it, many more cases may 
be missed, Angela Vincent, at the 
University of Oxford, told last 
month’s conference.

It is still unclear why some 
people develop these immune 
responses to their own brain cells, 
but Lennox is excited by the 
treatment prospects.  

But Chris Frith of University 
College London cautions that 
such antibodies have so far only 
been identified in a small 
proportion of cases. “I’m sure 
schizophrenia has many different 
causes,” he says.  ■

POWERFUL winds in the Pacific are 

largely responsible for the recent 

slowdown in global warming. The 

intense winds have encouraged heat 

to sink into the oceans. But as soon as 

the winds die down, the heat will 

escape and warming will resume.

Over the past 20 years, the trade 

winds that gust westwards across the 

Pacific have soared to unprecedented 

strengths. The strongest winds are 

now twice as powerful.

These winds far exceed climate 

modellers’ predictions. So Matthew 

England from the University of New 

South Wales in Sydney, Australia, and 

colleagues decided to see what would 

happen if they factored actual wind 

levels into the models.

They found that adding five  

years of strong trade winds created 

powerful ocean currents that buried 

the warm surface water, bringing 

cooler water to the surface. Those 

cooler waters reproduced the current 

warming hiatus (Nature Climate 

Change, doi.org/rdt). “The missing 

wind can account for the hiatus in its 

entirety,” says England.

Last year Yu Kosaka and Shang-

ping Xie of the Scripps Institution of 

Oceanography in California showed 

that cool surface waters in the Pacific 

could explain the hiatus (Nature, doi.

org/rcp). But nobody knew why those 

waters were so cool. “This provides a 

mechanism,” says Kosaka.

A repeating weather pattern called 

the Interdecadal Pacific Oscillation 

may explain the winds’ strength. In its 

current state, the IPO should produce 

strong winds, says England. “But the 

models capture less than half the 

magnitude at best.”

England says that the winds will 

return to normal. The warm water  

is only about 125 metres down,  

so we could see rapid warming as  

it resurfaces. It is not clear when  

that will happen, but if the hiatus 

follows the pattern of the IPO, it may 

only last another five or six years, 

England says.  Michael Slezak  ■

Immune trigger 
for schizophrenia 
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“ Suppressing the immune 
response can cause the 
psychiatric symptoms of 
schizophrenia to go away”

–Simpler way out–

Warming is only 
on hold until the 
wind changes
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FISH on bleached coral reefs are 
fearless. Instead of staying hidden 
at home, they stray out, making 
them easy prey for predators.

Coral reefs are rich ecosystems, 
home to thousands of animals. 
But if the water gets too warm, the 
corals expel the algae that live in 
them, leaving them bleached and 
sometimes killing them. Climate 
change is making such bleaching 
events more common.

Wondering how fish might be 
affected, Oona Lönnstedt of the 
Australian Research Council’s 
centre for coral reef studies  
and her colleagues studied the 
behaviour of pallid damselfish 
(Pomacentrus amboinensis) on 
the Great Barrier Reef.

They released fish onto live and 
dead coral, and found that those 
on dead coral took more risks and 
moved further afield. And while 

the smell of an injured mate 
prompted fish on live coral to take 
cover, their counterparts didn’t 
react. The death rate was 75 per 
cent higher on dead coral (Journal 
of Animal Ecology, doi.org/rcq).

Lönnstedt suggests dead coral 
masks key chemical signals, so the 
fish move away to access them.

“If hard corals were to be lost, 
then much of the diversity of  
reef fish would be lost too,” says 
Aaron MacNeil of the Australian 
Institute of Marine Science.
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Punk Amazon bird is an 
ancient European emigrant

THE Amazon’s mystery bird hails from Europe. Today, 

hoatzins live only in South America, but the oldest known 

fossil of these odd birds reveals they once roamed France.

The hoatzin (pronounced “wot-seen”) is unique in the 

bird kingdom. Young hoatzins (Opisthocomus hoazin) 

have claws on their wings, like their dinosaur ancestors, 

which they use to climb trees. They also have punk-style 

feathers on their heads and ferment their food in a foregut 

like that of cows, giving them a cow-like stink. The heavy 

foregut means hoatzins can only fly a few hundred metres.

For many years palaeontologists thought these birds 

evolved in South America. Now Gerald Mayr of the 

Senckenberg Research Institute in Frankfurt, Germany, 

has found the oldest hoatzin fossil, from 34 million years 

ago, and it lived in what is now France. The bird, Protoazin 

parisiensis, had lain unnoticed in museums for decades 

(Naturwissenschaften, doi.org/rch).

There are also African hoatzin fossils, so Mayr thinks 

they evolved in the Old World. One line spread to America 

and the rest died out in Europe and Africa. That means 

modern hoatzins are a relict of a widespread group.

It is unclear how such poor flyers crossed the Atlantic. 

The French fossil is similar to modern hoatzins, 

suggesting a northern route. But North America has no 

hoatzin fossils. Instead, Mayr says they may have floated 

from Africa to South America on a raft of vegetation.

Coral bleaching makes fish reckless

Neutrinos shape-
shift in the night

GHOSTLY particles are more 
active in the dark. For the first 
time, a neutrino detector has 
shown that the particles change 
form as they pass through Earth, 
which happens mostly at night. 

Neutrinos come in three 
flavours – electron, muon and 
tau – and can flip between them. 
The sun’s core should produce 
electron neutrinos in a range of 
energies, but detectors see fewer 
high-energy ones than predicted.

One theory is that the missing 
neutrinos morph into other 
flavours and that interacting with 
matter in Earth makes some of 
them change back. If so, a detector 
should see more high-energy 
neutrinos at night, when they 
pass through the planet’s bulk. 
The Super-Kamiokande detector 
in Japan has now shown that is 
indeed what happens (arxiv.org/
abs/1312.5176). The result may 
help us use neutrinos to look for 
new physics and study antimatter.

Marijuana amplifies 
sense of smell

WHY do smoking pot and “the 
munchies” go together?

One reason is that a chemical  
in marijuana blocks brain signals 
telling us not to eat, by binding to 
CB1 receptors. Wondering if smell 
was also important, Giovanni 
Marsicano of INSERM in Bordeaux, 
France, engineered mice to control 
all of the brain’s CB1 receptors. 

The team found that switching 
off CB1 receptors in a group of cells 
leading to the brain’s smell centre 
dulled the urge to eat. Activating 
them with marijuana not only 
made mice eat more, they also 
reacted to less-intense food smells. 

If the chemical enhances smell 
in humans, it could be useful as an 
appetite stimulant for those with 
cancer (Nature Neuroscience, DOI: 
10.1038/nn.3647).
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Ants protect and 
serve (up a snack)

IT LOOKS like a win-win scenario. 

An Indian tree helps ants live in its 

branches in return for the protection 

the insects offer against grazing 

animals. The trouble is, ants and 

worms that provide no protection 

also move in. But that might not be 

bad news for the tree after all.

Joyshree Chanam and her team 

at the Indian Institute of Science in 

Bangalore fed sugar labelled with 

a radioactive isotope to protective 

ants and to another, non-protective, 

species that lives in the Humboldtia 

brunonis tree. Later, they found 

traces of the sugar in the tree’s 

tissue, suggesting that both sets 

of ants benefit the tree by feeding 

it (Functional Ecology, doi.org/rb8).

It’s an excellent study, says 

Rumsais Blatrix at the French 

National Centre for Scientific 

Research in Montpellier. “Plant 

benefits from symbiosis with ants 

were thought to be mostly based on 

the protection against herbivores –

but studies now suggest that plants 

also get nutrients from the activity 

of their symbionts,” he says.

“This helps us to resolve the 

classic conundrum of how 

co-operation can persist in the 

face of exploitation,” says Judith 

Bronstein at the University of 

Arizona in Tucson. “The apparent 

exploiters may be subtly benefiting 

their partners.” The Matrix spawns 177,000 ties

TIES. Lots of ties. Mathematicians 

have revealed more than 177,000 

ways to knot a neck tie – 2000 times 

the number previously thought to 

exist. The new figure is inspired by 

the film The Matrix Reloaded.

In 1999, Thomas Fink and Yong 

Mao of the University of Cambridge 

expressed the rules of tying a tie in 

symbols. This suggested there were 

only 85 distinct knots. But Mikael 

Vejdemo-Johansson of the KTH Royal 

Institute of Technology in Stockholm, 

Sweden, noted that this tie language 

would not allow for exotic ties such 

as that sported by Matrix villain 

The Merovingian (tie pictured). 

His team rewrote the language  

to allow multiple tucks per tie and a 

non-smooth surface, and increased 

the number of allowed winding 

moves before a tie is deemed too 

short. That allows 177,147 distinct 

knots (arxiv.org/abs/1401.8242).

Most knots are unlikely to qualify 

as high fashion, but some could catch 

on, says Dave Shaw of Moss Bros, a  

UK menswear store. “Traditionalists 

will no doubt dismiss these, but I 

reckon modern dandies will lap it up,“ 

he says. For a video of how to knot a 

Matrix-style tie, see bit.ly/MatrixTie.

ICE pockets on the moon could be 
cooking up the building blocks of 
life. Simulations show that cosmic 
rays coming from outside the 
galaxy have enough energy to 
turn simple molecules in lunar  
ice into more complex organics – 
carbon-based compounds central 
to life on Earth. 

In 2009, a spacecraft sent 
crashing into the moon’s south 
pole kicked up water vapour, 
probably melted from ice 
trapped in shadowed craters. 
That water contained organics, 
but no one was sure where the 

carbon-based material came from.
Comets also have organics in 

their ice, so it is possible that the 
moon’s carbon-laden water was 
delivered by impacts. But Sarah 
Crites at the University of Hawaii 
at Manoa wondered if the moon 
could instead be whipping up its 
organics from scratch.

Crites and her team modelled 
the icy chemistry, using radiation 
data from lunar orbiters, and 
concluded that cosmic rays 
striking lunar ice are indeed 
powerful enough to spark the 
reactions that would turn basic 

molecules into organics (Icarus, 
doi.org/rcj). Because cosmic rays 
are zipping around throughout 
the solar system, the work 
suggests that the seeds of life are 
appearing in many more places 
than previously thought.

The result also hints that we  
can use lunar ice as a proxy lab  
for studying chemistry on more 
distant icy worlds – such as 
Jupiter’s moons – with greater 
ease and at a lower cost. So says 
David Lawrence of Johns Hopkins 
University’s Applied Physics 
Laboratory in Laurel, Maryland.

Seeds of life appear in shadowy lunar ice

I see you have a 
long life ahead…

PALM readers beware: biologists 
have found a way to accurately 
predict lifespan – at least in worms.

Meng-Qiu Dong at the National 
Institute of Biological Sciences in 
Beijing, China, and her colleagues 
added proteins to nematode 
worms that fluoresce when  
they detect free radicals in their 
mitochondria. It’s long been 
thought that an accumulation  
of free radicals in these cellular 
energy generators affects lifespan.

Dong’s team found that the 
number of “mitoflashes” caused 
by the presence of free radicals 
when a nematode was three days 
old could predict its lifespan. 
Worms typically live for 21 days, 
but those with low mitoflash 
activity lived longer, while those 
with high mitoflash activity  
died before day 21 (Nature, DOI: 
10.1038/nature13012).

Dong hopes that her team’s 
technique – the first non-invasive, 
lifespan predictor for live 
animals – will encourage others 
to explore the link between high 
free radical production in the 
mitochondria and accelerated 
ageing.

The approach might eventually 
prove useful for studying 
mitochondrial disorders, she says.

A
L

E
X

 W
IL

D

M
IK

A
E

L 
V

E
JD

E
M

O
-J

O
H

A
N

S
S

O
N

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


15 February 2014 | NewScientist | 21

For more technology stories, visit newscientist.com/technology
TECHNOLOGY

A
S

H
O

K
 S

IN
H

A
/G

E
T

T
Y

Reading the reader
Eye-tracking systems are about to go mainstream – and they could 
give us some fascinating insights into our reading habits

ADDICTED to the Mail Online’s 
infamous celebrity tittle-tattle 
and not spending enough time in 
Hemingway’s company? A new 
breed of device could soon be 
logging everything you read, 
letting you see for yourself 
whether your reading habits 
need revamping.

The “quantified self” 
movement has spawned wearable 
gadgets like Fitbit and FuelBand, 
which monitor physical fitness, 
telling you how far you’ve walked 
or how many calories you’ve 
burned. How about logging 
how much you read on screens 
instead? Like a Fitbit for the mind.

A “cognitive activity tracker” 
developed by Kai Kunze at Osaka 
Prefecture University in Japan can 
tell how many words we read, how 
often and how fast we read, and 
even whether we are skim reading 
or actually concentrating on the 

content. It could also generate 
summaries of documents as 
you read them by logging which 
passages your eyes dwell on.

Such detail about what we look 
at, whether on a screen or on 
paper, is being made possible by 
the emergence of gaze-trackers – 
devices that monitor our eyes 
to analyse where we are looking. 
Swedish firm Tobii Technology is 
leading the way in commercialising 
the technology. It has developed 
a $99 system that uses infrared 
cameras trained on the cornea to 
watch for the eyeball’s movements. 
These cameras can be built into a 
headset, such as Google Glass, or 
clipped to the top of a computer 
screen or tablet. 

This year Tobii will launch 
its first consumer eye-tracking 
system for video games, in 
conjunction with gaming headset 
maker SteelSeries of Copenhagen, 

Denmark. This will allow in-game 
characters to react to the player’s 
gaze, adding a spooky level of 
realism to first-person shooters. 
Crucially, the low price puts 
eye-tracking systems within 
everyone’s reach, says Ralf 
Biedert, Tobii’s chief interaction 

researcher, based in Stockholm.
Kunze is taking the technology 

in a different direction. In tests on 
volunteers wearing infrared eye-
tracking glasses, his team found 
that their software could count 
the number of words read with  
an accuracy of about 94 per cent, 
and tell how fast you were 
reading, purely by looking at the 
movement of the eyes. By asking 

their volunteers to read different 
types of materials – novels, 
fashion magazines, newspapers, 
research papers and textbooks – 
they have shown that these 
various media can be discerned 
near perfectly from the way 
readers’ eyes move around their 
telltale layouts. 

For example, users would get 
Fitbit-style metrics on how much 
time they spend – or waste – 
reading celebrity gossip when they 
should be revising. Or, says Kunze, 
publishers could work out if 
textbook designs need rethinking 
by seeing how readers navigate 
their pages. If the software knows 
what the document is – a novel 
being read on a Kindle, say – then 
more advanced features can be 
used. “It could lead to adaptive 
reading materials in which the 
computer recognises I have 
trouble understanding a 
particular word and changes the 
text in real time to give me the 
definition in the next sentence,” 
he says. Kunze will reveal more at 
the Augmented Human meeting 
in Kobe, Japan, in March.

Eye-tracking experts are abuzz. 
“I find it difficult to be consciously 
aware of my reading habits and 
my ability to absorb the textual 
information that surrounds me. 
So a reading log like this would 
really provide new insight, and 
hopefully help me improve,” says 
Jayson Turner at the University of 
Lancaster, UK, who has developed 
a system that lets people drag  
and drop computer files using  
an eye-tracker. He thinks Kunze’s 
system will be perfect for quickly 
summarising what fascinates us.

“It could infer which topics 
we find interesting, filtering out 
information we find irrelevant 
and recording what’s important 
for later recall,” Turner says. 

Biedert says gaze-trackers  
could have a profound impact. 
“It’s like when the computer 
mouse was invented: controlling 
computers with your eyes will  
be supported in more and more 
applications and we cannot tell yet 
what they will be.”  Paul Marks  ■

–What’s catching your eye?–

“Eye-tracking cameras can 
be built into a headset, 
such as Google Glass, or 
clipped to your screen”
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Get an Olympic edge
Hi-tech skate suits are on show in Russia, and more is on the way

IT’S not just the athletes on display 
at the 2014 Winter Olympics.  
Some cool tech is being used in 
Sochi and more is on the way. 
Almost every sport involves 
specialist gear, but there are two 
particularly notable innovations.

MOTION CAPTURE

Most people associate motion 
capture technology with movies 
like Avatar and Lord of the Rings. 
Actors are fitted with sensors to 
track their movements, which are 
then used to animate the body  

of their artificial character.
The US speed skating team is 

benefiting from motion capture 
in a different way. Clothing firm 
Under Armour in Baltimore, 
Maryland, has been working  
with engineers at aerospace and 
defence firm Lockheed Martin  
to build the skaters a faster suit.

They used motion capture to 
track Olympic-level speed skaters 
as they zipped around an ice rink. 
From the information they 
collected, the researchers built 
fibreglass mannequins in the key 

poses that the skaters adopted  
to attain their highest speeds. 

They used the mannequins to 
test the performance of different 
suits, putting them through 
hundreds of hours of wind tunnel 
tests. This allowed them to 
examine how different materials 
and designs affected the air flow 
around them. 

The exact specifications of the 
final “Mach 39” suit have been 
carefully guarded. But we do know 
that it incorporates moulded 
polyurethane shapes over various  

–A smoother ride–

parts of the skaters’ bodies to 
optimise the flow of air. And it has 
a different material covering the 
thighs – to reduce friction caused 
by rubbing. The suit’s developers 
also moved the zip and added tiny 
dimples to the back of the hood to 
make the suit more aerodynamic.

Incidentally, this isn’t the first 
time Under Armour has worked 
with motion capture – it has also 
used the tech to make a line of 
sports bras. 

NANOTUBE SKIS

Carbon nanotubes are sheets of 
carbon atoms that roll up like 
chicken wire. While not making 
an appearance at Sochi, they  
may soon become part of the  
skis used by the US alpine team. 

As skiers race down the slopes, 
they can be slowed down by 
bumps in the snow, which set  
up vibration in the skis. Layers  
of  nanotubes in between the 
fibreglass and steel of the skis 
spread out incoming energy, 
dampening the shakes and helping 
the skiers maintain their speed 
and stability.

Their unusual blend of low 
weight and high strength make 
carbon nanotubes a good choice 
for sports equipment. “You 
essentially [have] materials that 
you can abuse quite a bit without 
breaking down,” says Sarbajit 
Banerjee, a materials chemist at 
the University of Buffalo in New 
York. The nanotube skis were 
tested by US bronze medallist 
Julia Mancuso.  Aviva Rutkin  ■

Projector necklace 
makes a handy 
touchscreen

NOT ready to don a Google Glass 

headset? An alternative way to  

access smartphone content could 

hang around your neck. 

A digital device disguised as a 

necklace or brooch could one day 

project email, tweets and text alerts 

onto nearby surfaces, allowing you 

to open them with hand gestures. 

“The projector gives you a window 

into the virtual world that you carry 

around like a flashlight, as a way of 

serendipitously accessing 

information,” says Christian Winkler  

at the University of Ulm in Germany. 

His team’s Ambient Mobile Pervasive 

Display generates a green “SMS” 

graphic that is projected ahead of the 

user (see video at bit.ly/neckproject). 

To find out who the message is from, 

you hold your palm in front of you and 

the sender’s name is projected onto it. 

To read the message, you make a 

gesture, such as a subtle swipe, and 

the text is displayed on your hand. 

The idea is that most functions that 

normally require a screen can be 

performed in this way. 

In a test system – which the team 

is confident can be scaled down – a 

laptop controlling the projector was 

carried in a backpack. A Kinect-style 

depth camera calculates the distance 

to the ground and to the user’s hand 

and also recognises gestures. The 

distance information drives a motor 

that refocuses the projector to display 

text on the hand. 

The team thinks the system will 

be especially useful in navigation, 

projecting arrows on the ground, and 

for location-aware adverts. They will 

reveal it at the annual computer-

human interaction conference in 

Toronto, Canada, in April.  Paul Marks  ■

“To read the message, you 
make a gesture, such as  
a swipe, and the text is 
displayed on your hand”
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Stick your baby in the cloud 

Taking a baby’s temperature can be an ordeal. The 

£20 iPacify dummy, which contains a thermal sensor and 

a Bluetooth radio, will sound the alarm when a hike in 

body temperature suggests that your child may be falling 

ill. A smartphone app creates a temperature graph and 

allows parents to add the times they give medications. 

Developed by London-based Blue Maestro, the app will 

also be able to store readings in the cloud, letting parents 

access data remotely. 

“We do not believe this was an 
individual sitting at a machine and 
downloading this much material  
in sequence” 
A US National Security Agency official says whistleblower  

Edward Snowden used cheap software, which should have been 

easily detected, to automatically "scrape" data from its  websites

Cryptocoins for everyone!
It could be the first national cryptocurrency. A  Bitcoin 

fan who goes by the assumed name Baldur Odinsson 

is launching a digital currency to combat inflation. 

Auroracoin is based on Bitcoin technology and Odinsson 

plans to distribute it to all of Iceland’s 330,000 citizens, 

using the country’s national ID database to assign 

31.8 auroracoins to each person on 24 March. Auroracoin’s 

mysterious founder says the initiative is designed to 

bypass the strict money laws in Iceland that, he says, 

have “stifled economic growth”.

Video game will play on your fear
Game designers want to make a game that gets harder when 

you get scared. Nevermind started as the thesis project  

of Erin Reynolds at the University of Southern California. 

Players venture through the memories of fictional trauma 

victims while a chest strap monitors heart rate. When their 

hearts beat faster, the game gets tougher.

–Caption in here like this––Recreated using a printer–

History comes alive 
in 3D-printed bricks 
EIGHT centuries on, the flying 

buttresses of Bourges Cathedral in 

France still beguile engineers. The 

secrets behind this marvel of medieval 

masonry are now about to be laid 

bare, thanks to a group of researchers 

who are rebuilding it, brick by brick.

Using a laser scan of the cathedral, 

a team led by John Ochsendorf of the 

Massachusetts Institute of Technology 

have 3D-printed thousands of bricks 

and are building an exact 1 :  50 replica. 

The researchers hope to use the 

mock-up to devise a way to gauge the 

stability, and thus safety, of historical 

buildings built of brick and stone. 

Modern buildings are usually 

constructed around a steel framework. 

The steel pieces are fused, so under 

stress from a sinking foundation or  

an earthquake, say, the framework 

behaves as a cohesive unit.

Masonry structures are much more 

complex. Removing a single brick  

can change the pattern of stresses 

throughout the building. This makes it 

difficult to capture the forces at play, 

says Mathew Bronski, a structural 

engineer at architecture firm SGH  

in Boston. Computer models and 

simulations help, but there are a lot 

of inherent shortcomings, he says.

“People have been drawing 

buildings forever, but they’ve often 

been making up the building as they 

go because they can’t measure it,” says 

team member John Tallon at Vassar 

College in Poughkeepsie, New York. 

“With a laser, you can get into places 

that you couldn’t hope to reach 

without three months of scaffolding 

and shutting down the cathedral 

you’re working on.”

Building the replica is painstaking 

work, but Ochsendorf thinks the 

process itself may be as valuable  

as the mechanics uncovered.  

For students of architecture and 

structural engineering, hands-on 

experience has largely given way  

to computer modelling. Techniques 

like 3D printing could be a way of 

reconnecting them with the craft 

behind the science, he says.

“Until now [structural engineering] 

has been dimensionless,” says 

Ochsendorf. “ ‘Here’s a prototypical 

dome of this thickness and this 

span’ – but it wasn’t modelled off of 

any specific building.” As 3D printing 

becomes ubiquitous, he says, learning 

could become less abstract and 

students will increasingly work from 

real-world examples.  Sam Wotipka  ■

“ As 3D printing becomes 
ubiquitous, students will 
increasingly work from 
real-world examples”
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Religion vs robot
Can theology help shape technology, asks Hal Hodson

A SPECIAL guest will be attending  

this year’s creationist conference in 

North Carolina. It is not a Christian. It is 

not a even a human. But it is helping 

evangelists find answers.

The Southern Evangelical Seminary 

in Matthews, North Carolina, this week 

unveiled the $16,000 humanoid NAO 

robot from Aldebaran Robotics it has 

bought to study the ethical dilemmas 

posed by technology.  

“That Jesus adopted human form is 

extremely significant, from a Christian 

perspective, on the value of humans 

as a holistic being that’s physical and 

spiritual,” says Kevin Staley, who is 

leading the project. He worries that 

rapid advances in robotics may start  

to erode some of the value that 

Christian theology ascribes to humans. 

Staley has a list of questions he 

wants NAO to help answer: “What 

sorts of societal burdens or pressures 

are these robots intended to  

alleviate? What sort of problems  

will they introduce? What are the 

advantages to having a robot like  

this in our company?”

Religious interest in emerging 

technologies is nothing new, says 

Arthur Caplan of the NYU Langone 

Medical Center. Until now, the focus 

has been on medical technology. 

“Religious concerns have shaped  

blood transfusion, vaccine research, 

xenografting, stem cells and cloning,” 

Caplan says. The driving theme is 

whether those technologies are 

respectful of human life. Robots with 

human-level functionality may push 

the same buttons, he says: “Does it 

break the natural order of things?”

Humans have a tendency to 

anthropomorphise robots to a much 

higher level than other non-human 

things, says Kate Darling, a lawyer 

turned roboticist working at the MIT 

Media Lab. She says this is down  

to robots’ seemingly unpredictable 

motion, growing ability to interact 

socially and their physical presence 

in our lives. 

“We had people interact with very 

cute baby robotic dinosaurs, and then 

at the end of the workshop we asked 

them to torture and kill them. They 

were pretty distressed by this,” Darling 

says. This raises questions about how 

to bring up children with a robot in the 

house, she says. 

Some companies are already 

tackling these questions. Google, for 

example, obviously has questions  

of its own. After spending billions  

of dollars on a slew of robotics and 

artificial intelligence companies, the 

internet giant has reportedly set up  

an internal ethics board to handle  

the technology from one acquisition, 

AI outfit DeepMind. 

Staley has different concerns.  

He wants to understand how robots 

might end up replacing us. “We’re 

approaching a point where it’s  

possible that a robot would become  

an accepted substitute for a human 

person in a number of ways,” he says. 

“There’s the question of marrying 

robots. There will be another significant 

market for robots when it comes to 

sex.” (See “The cure for love”, p 29.)

Ultimately, Staley says he wants 

religious communities to have a say  

in the way robots shape our future. 

They are well on the way to doing  

this. The Southern Evangelical 

Seminary has launched a competition 

to give its robot a name. “They’re 

obviously anthropomorphising it 

already,” says Darling.  ■

“ Robotics may start to 
erode some of the value 
that Christian theology 
ascribes to humans”
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POACHERS beware. Surveillance 

drones offer a highly effective way 

to catch wildlife criminals in the act. 

Namibia’s Ministry of Environment 

and Tourism (MET) came to this 

conclusion after trialling a raft of 

wildlife crime-fighting technologies, 

with funding from Google. 

In field tests conducted in two 

national parks in November 2013, 

drones with 2-metre wingspans flew 

day and night missions to video black 

rhino herds and send live footage  

to poacher-tracking rangers on the 

ground. Smart radio tags attached  

to rhinos allowed the drones to 

home in on each herd’s current 

location, says Pierre du Preez,  

MET’s chief conservation scientist. 

“We broke new ground using 

technologies that have never  

been integrated before to provide 

powerful wildlife protection,” says 

Crawford Allan, leader of the Wildlife 

Crime Technology Project at WWF, 

which was also involved.

The MET says it will now deploy 

drones in areas of Namibia where 

rhinos and elephants roam. WWF 

estimates that illegal poaching in 

Africa nets criminals $10 billion each 

year – with some 22,000 elephants 

killed annually and 1000 rhinos 

killed last year in South Africa alone. 

Similar projects are under way in 

Zambia, the Democratic Republic  

of the Congo and the Seychelles.  

Paul Marks  ■

INSIGHT Ethics Elephants and 
rhinos gain  
drone protection

–Created in our own image–
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ROSES are red, violets are blue, 
when you reject me, what can I 
do? As we discover more about 
love’s neural basis, we are getting 
closer to a way of curing its ills.

While many might be wary of 
a chemical cure for heartbreak, 
there is an argument that such 
anti-love solutions could help 
people struggling with suicidal 
or delusional thoughts because 
of unrequited love, or those in the 
clutches of unrelenting grief. The 
morals of the use and misuse of 
such drugs are complex (see “A 
dangerous prescription?”, right), 
but ethics aside, what could a cure 
for love look like?

First things first: what is love? 
For Shakespeare, it “is an ever-
fixed mark, that looks on tempests 
and is never shaken”. For 
neuroscientists, it’s less poetic:  
a neurobiological phenomenon 
that falls into three subtypes: lust, 
attraction and attachment – all of 
which increase our reproductive 
and parental success.

Each aspect is grounded in a 
suite of overlapping chemical 
systems in the brain. There are 
ways to diminish each of them, 
says Helen Fisher at Rutgers 
University in New Jersey, but 
they aren’t always palatable.

Take lust. Ever found yourself 
obsessing over the tiniest details 
of a person? Their hair, say, or the 
number of kisses in a text? This 
tunnel vision resembles some 
of the symptoms of obsessive 
compulsive disorder, so Donatella 
Marazziti at the University of Pisa 
in Italy, compared the brains of 
20 people in the first throes of love 
with those of 20 people with OCD.

Both groups had unusually low 
levels of a protein that transports 
serotonin – a hormone involved 

in regulating mood – around the 
brain. Retesting the lovers a year 
later revealed that their serotonin 
levels had increased, and that they 
no longer reported an obsessive 
focus on their partners.

Drugs that boost serotonin can 
offer relief to people with OCD, so 
it’s reasonable to think that they 
could also help to dampen lustful 

feelings. These drugs include 
antidepressants called selective 
serotonin reuptake inhibitors, 
which are known to blunt 
extreme emotions and make it 
harder to form romantic bonds. 
This is an unwanted side effect 
for people with depression, but 
for those seeking to detach from 
someone, it could be welcome.

What if it’s not lust but a lasting 
bond you want severed? Several 
chemicals play a role in helping 
us form attachments, and animal 
studies are showing how we could 

manipulate them to do just that.
The prairie vole is famously 

monogamous – it forms one life-
long bond. However, when Larry 
Young at Emory University in 
Atlanta, Georgia, injected female 
voles with a drug that blocked 
either dopamine or oxytocin, 
they became polygamous. “This 
suggests you might be able to 
block oxytocin and sever a long-
term attachment,” says Young.

But oxytocin is important for all 
relationships, not just romantic 
love. You might cure your broken 

How to fix a broken heart
It can be exhilarating and enduring, but when love goes wrong it can lead to 
obsession, depression and even death. New Scientist goes in search of modern 
solutions to this age-old problem, starting with chemical cures for the lovesick 
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“Love has the same neural 
base as addiction, so to 
cure it you will need to 
find a new fix”

THE CURE FOR LOVE
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heart, but is it worth impairing  
all your other relationships?

Young’s team has also shown 
that blocking corticotropin-
releasing factor (CRF), a hormone 
involved in the stress response, 
stops the depressive behaviour 
that prairie voles exhibit when 
their partner dies. Young doesn’t 
recommend blocking CRF for 
unrequited love, but he says it 
could be helpful to relieve the 
depression that comes with 
persistent grief.  

Since love shares some of 
the neural underpinnings with 
addiction, you will need to replace 
your fix of oxytocin or dopamine. 
You can do this without popping  
a  pill, says Young. Exercise ramps 
up dopamine levels, and bodily 
contact and social interaction can 
raise oxytocin.

Should we expect to see quick-
fix solutions offered off label or  
in some anti-love black market?  
“I think there would be a real 
market, but I certainly don’t 
recommend it,” says Young. 

Ultimately, time is the answer, 
says Fisher. Her team is the first 
to study the neural mechanisms 
involved as love fades away. She 
has found that people who are 
pining after a lost love have 
greater brain activity in the 
ventral pallidum, involved in 
attachment, than people who 
were happily in love. This activity 
diminished over time, suggesting 
that their attachment also waned.

Other groups are trying to help 
people with post-traumatic stress 
disorder replace a memory with 
another that is less emotionally 
fraught. “Hypothetically, you could 
imagine a similar therapy being 
used to dampen the memory of 
love,” says Fisher. One day it 
might even be possible to use 
brain stimulation to decrease 
activity in the ventral pallidum, 
to speed up the healing effects 
of time, she says.

Until then, it seems what your 
mother told you about heartbreak 
still rings true: you can’t beat  
time and a little love from 
someone new.  Helen Thomson  ■

to a bad relationship is something to be very 
cautious about. So we end up stacking the 
cards in favour of autonomy –  the voluntary 
use of any “anti-love” intervention. 

You can imagine a situation in which a 
person’s experience of love is so profoundly 
harmful, yet so irresistible, that it undermines 
their ability to think rationally for themselves. 
In a case of domestic abuse, that can be life-
threatening. But even then, we wouldn’t 
recommend forcing drug-based treatment on 
someone against their will: non-biochemical 
interventions should be tried first. 

So when would this type of treatment be ideal? 

Some people in dangerous relationships know 
they need to get out, and even want to, but are 
unable to break their emotional attachment. 
If, for example, a woman in an abusive 
relationship could access medication that 
would help her break ties with her abuser, 
then, assuming it was safe and effective,  
we think she could be justified in taking it. 

How might an anti-love drug work? 

The science here is very new, so we don’t yet 
have a complete answer, but there are several 
possibilities – some based on side effects of 
drugs already on the market (see “How to fix  
a broken heart”, left).

If we develop anti-love drugs, should anyone 

going through a break-up have access?

It is important to be careful about making 
broad recommendations. There are some 
people who are so devastated for such a long 
time after a break-up that they can’t move on. 
Part of this might be depression, for which  
we already have many treatments. 

But of course there are lots of ways to get 
over someone, including strategies that have 
been tried for centuries. Creating physical 
distance and not spending time with the 
person is a good start. A modern trick is to stop 
looking at the person’s Facebook photos. 

But if other ways have failed, and anti-love 
drugs could help to alleviate suffering and 
prepare a person to move on with life, there 
could be good reasons for using them. 

For your research, how do you define love? 

We tend to think of love as a phenomenon 
grounded in ancient neurochemical systems 
that evolved for our ancestors’ reproductive 
needs. There is more to our experience of love 
than brain chemistry, of course, but those 
brain-level phenomena play a central role. 

The idea of love as a drug is a cliché, but does 

it have any characteristics of addiction?

Recent brain studies show extensive parallels 
between the effects of certain addictive drugs 
and experiences of being in love. Both activate 
the brain’s reward system, can overwhelm us 
so that we forget about other things and can 
inspire withdrawal when they are no longer 
available. It seems it isn’t just a cliché that love 
is like a drug: in terms of effects on the brain, 
they may be neurochemically equivalent.

You have written about the possibility of using 

“anti-love biotechnology” as a treatment. When 

would it be warranted? 

The idea of treating someone for an addiction 
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Brian D. Earp is a cognitive scientist and ethicist 

at the University of Oxford. With Julian Savulescu, 

he is writing a book on the potential for 

neuroenhancement of love and marriage 

Breaking up is hard to do. If drugs could ease the pain, should we 
use them, David Robson asks neuro-ethicist Brian D. Earp 

A dangerous prescription?

For more on this, visit newscientist.com/special/cure-for-love
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Isn’t there danger in medicalising potentially 

valuable emotions? 

One concern about medicalisation is that 
people will turn too quickly to a drug to solve 
their problems, preventing them from dealing 
with the real source of their suffering. If I get 
out of a bad relationship, maybe I need to 
reflect on what happened, not pop a pill so  
I can rush into a new relationship. 

Do you foresee other ethical problems?

Another worry is that drug companies might 
start to tell us we have relationship “diseases” 
so they can sell us drugs we don’t need. They 
do this now with female sexual dysfunction  
to create a market for a female Viagra. 

But part of the problem is that we live in a 
society that tells us we have to be sick to gain 
access to medicine to get better. What if a drug 
simply helps improve well-being? If a drug 
could help a person who is still heartbroken  
a year after a break-up, there could be a moral 
argument for its use – whether we want to  
call that a medical problem or just real life. 

Do you know if anyone is already using 

anti-love drugs, unofficially? 

In Israel, some ultra-Orthodox Jews have 
prescribed antidepressants to young yeshiva 

all bunnies and roses. The brain systems that 
undergird feelings of love and attachment are 
actually quite fragile. They didn’t evolve to 
sustain exclusive relationships over decades, 
but to promote reproductive success. This 
huge disconnect should inspire some soul-
searching for our society. We need to think 
critically about how to reconcile our ideals 
about love and our underlying brain chemistry. 

How should we rethink our notions of love?

When there is a disconnect between your 
biology and your values, some people change 
their values: many people are exploring  
non-traditional arrangements such as open 
relationships or serial monogamy.

But it will be different for different people. 
For those who have decided that they value a 
life-long, monogamous relationship, maybe 
the strategy should be to manage their 
psychobiology instead – using drugs that 
enhance attraction rather than diminish it. 
Maybe sometimes we don’t need a cure for 
love – we need to give it a helping hand.  ■

students to reduce libido, using the side effect 
of the drug as its main purpose. It is unclear 
whether the students were coerced, or 
requested it to manage feelings of shame. 
Either way, it is a troubling development.

Do you worry that the idea of love addiction as  

a treatable medical problem could be hijacked 

for things like gay conversion therapy?

That is a huge concern. But I have to 
distinguish between coercive use on minors 
and voluntary use by adults. For minors, it 
should be impermissible, and even illegal.  
For adults, it’s harder. In principle, people 
should be free to decide for themselves. But in 
some places, the pressure of anti-gay bigotry 
makes it unlikely that individuals would be 
truly acting autonomously. 

Has viewing love as an addiction changed  

your own ideas about romance?

Studying how love has related to marriage 
over the course of history had a bigger effect 
on me than my understanding of the actual 
neurochemistry. In our society, we take it for 
granted that marriage should be based on  
love but, until recently, it was predominately 
an economic and political institution. 

And this new way of doing things is not  
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Earp believes drugs may 

have the potential to help 

us cope with heartbreak – 

or even sustain love
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AT LEAST the bride was definitely 
going to show up. In November 
2009, a Japanese man stood 
before a congregation to marry 
the woman he loved, Nene 
Anegasaki. In doing so, he became 
the first man to marry a computer 
game character – Nene is one of 
three “virtual girlfriends” in the 
Nintendo DS game Love Plus.

The marriage might not be 
recognised by the state, but to 
the groom the relationship is 
very real. And presumably he’s 
not alone – over 250,000 copies 
of Love Plus have been sold in 
Japan since it launched in 2009.

Spike Jonze’s latest film Her 
takes the idea further, depicting 
a future in which phone operating 
systems are advanced enough to 
substitute a real romance. So just 
how likely are we to fall in love 
with a machine?

The idea sounds far-fetched, 
but experiments show just how 
easily humans fall for inanimate 
objects – and we don’t even need 
them to be conscious or seem 
sentient. In one, children 
remained attached to a robot 
even after it had been dismantled 
in front of them. Adults, too,  
can form strong relationships 
with robots.

Julie Carpenter at the University 
of Washington in Seattle has 
studied the way US military 
personnel interact with their 
bomb-disposal robots. Even 
though they were perfectly aware 
the robot was a tool, the soldiers 
often named them, and even held 
funerals for them when they 
“died”. “The people I spoke with 
would often describe stages of 
anger, frustration and even a 
sense of loss about a disabled 
robot,” says Carpenter.

Attachment is one thing, but 
love? That will come in about 
40 years’ time, with improvements 

in speech recognition and 
generation technology, says David 
Levy, AI researcher and author of 
the book Love and Sex with Robots. 
“When we can have entertaining, 
informative, loving conversations 
with robots, I think people will 
start to fall in love with them in 
serious numbers,” he says. 

Just consider the fact that 
people can fall in love over the 
internet or through phone calls. 
“It is perfectly possible to feel 
strongly attracted to someone 
you’ve never met,” says Alan 
Winfield at the University of the 
West of England in Bristol, UK. “If  

a conversational AI is compelling 
and gives the impression of 
getting to know you, then you 
are going to form a bond.”

Levy thinks games like Love Plus 
are a precursor to fully fledged 
robot partners that look and 
behave like humans (see “Virtual 
lovers”, right). After all, he says, 
some people who own sex dolls 
feel they are in love with them.

Whether this is a good idea is 
another matter. Winfield cautions 
that as the technology improves, 
we need to make sure people can’t 
mistake robots for more than the 
sum of their parts. Others see it  
as exploiting loneliness. 

But if tech can fill a void, is 
this exploitation? “There are 
millions of people who find it 
difficult or impossible to form 
good human relationships,” 
says Levy. For them, loving and 
sexually capable robots open up 
a whole new vista, he says. “That 
will make a large number of 
people much happier than they 
are now.”  Catherine de Lange  ■

AI attraction: love in 
the time of robots
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For more on this, visit newscientist.com/special/cure-for-love

“ When we can have loving, 
entertaining, informative 
conversations with robots, 
people will fall in love” 

VIRTUAL LOVERS

Robots already exist that bear a 

striking likeness to humans, with 

hyper-realistic skin, hair and facial 

expressions, while companies are 

racing to develop ever more natural 

voice generation software – two 

elements that researchers argue are 

necessary if people are ever to fall 

in love with bots. But what about  

the physical side of things?

Love Plus gamers can “hold 

hands” with their virtual girlfriends 

using a stylus, and “kiss” her by 

touching her lips on the screen. 

But future robotic partners will 

be able to provide more than that.

Virtual reality is already bridging 

the physical divide with virtual 

lovers. For instance, Oculus Rift, 

a virtual reality headset, coupled 

with a vibrator has been used to 

simulate sex with an avatar.

Dan O’Hara at Birmingham City 

University, UK, believes that the 

sex industry will drive some of the 

biggest developments in artificial 

intelligence. The manufacturers of 

some robotic sex dolls even claim 

that their devices have a heartbeat 

and circulatory system that warms 

the doll, as well as a personality and 

moods, which change during the day.

Personality will be an important 

part of making convincing robot 

lovers. “There will be randomness 

in the software so your robot will 

not always behave in the same way 

and it will not be predictable unless 

you want it to be,” says David Levy, 

author of Love and Sex with Robots.

Last year, O’Hara designed a  

new type of autonomous online  

bot he calls a Weavr, which uses  

the swathes of information people 

share online to construct virtual 

personalities. So far, it has mainly 

been used in market research to 

help understand an audience or 

by authors looking to develop 

characters. But its development 

opens the door to a world in which 

you might use someone’s online 

information – an ex perhaps, or a 

celebrity crush – as the basis for 

your robot partner’s personality. 
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I could just eat you up 

IF THE last four pages haven’t completely put  

you off love, this may finish the job. This luckless 

male praying mantis is being eaten alive by the 

female he is mating with.

Female praying mantises are famous for 

devouring their lovers, but they don’t actually 

get to do the deed as often as people might think, 

says William Brown of the State University of  

New York Fredonia, who worked with film-maker 

Phil Hastings to record the mantises’ behaviour. 

“Cannibalism happens in about 16 per cent of 

encounters,” he says. “The male often gets away.”

The biggest risk factor is simply how hungry 

the female is. Chinese mantids like these breed 

in the autumn, unlike many animals that do so 

in the spring. “Summer is ending and other insect 

food is becoming scarce,” says Brown. “Males 

are large compared with other food items, so 

they’re nutritious.”

The females often go for the male’s head 

first, possibly because he approaches her 

from the front. This severs a nerve called the 

suboesophageal ganglion, removing the male’s 

sexual inhibitions and causing him to mate for 

longer. After this, says Brown, “he’s willing to 

mate with anything: your finger, a pencil, it 

doesn’t matter. The male can mate perfectly well 

without his head.” There is a myth that the males 

can only mate once their heads are bitten off, but 

Brown says that isn’t true.  Michael Marshall

Photographer 
Phil Hastings   philhastings.com
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Patently absurd 
Europe’s high-tech economies are threatened by patent reforms 
that will open the door to dishonest dealings, says David Cooper 

OPINION

EFFECTIVE patent laws are critical 
to high-tech economies. Patents 
are a contract between an inventor 
and society: the inventor makes 
an idea public, and in return the 
state allows the inventor exclusive 
rights for 20 or more years.

All countries with an advanced 
technological economy have 
strong patent systems, and in 
countries where patent law is 
weak, innovation suffers. So why 
is the European Commission 
pushing an initiative that 
threatens to weaken Europe’s 
patent system, by outsourcing 
legal decisions to questionable 
judiciaries and obliging firms to 
conduct business in a tax haven?

The reforms are supposed to 
solve a major problem with 
Europe’s patent system. When an 
inventor applies for a patent, a 
single application works for all of 
“Greater Europe” – a group of 38 
countries including all 28 member 
states of the European Union. 

This system was introduced in 
the 1970s to replace a patchwork 
of national patent offices. 
Inventors had to apply for a 
separate patent in each country, 
paying separate fees and dealing 
with different processes. The 
success of the European patent  
is reflected in the large number  
of countries that participate.

There is, however, a gotcha. 
Although there is a one-stop shop 
for applications, enforcement  
is still done separately in each 
country. Inventors who believe a 
competitor is using their patent 
without permission have to sue 
for infringement in each country 
where the patent is being 
infringed. This can be very costly.

The new European unitary 
patent (EUP), which could come 
into force next year, aims to 
rectify this. It allows a European 
patent holder to stop a competitor 
from infringing in all EU states 
with a single legal action. This 
sounds very sensible. But the  
way it is being implemented will 
harm innovation across Europe.

Under the EUP, a system of 
national patent courts will be set 
up. The verdict of any such court 
will be valid and enforceable in all 
countries that have ratified the 
treaty. It is, of course, important 
that their decisions are correct, 
unbiased and have a high 
standard of integrity. After all, 
when a court concludes that a 

patent has been infringed, the 
consequences can be serious. In 
2006, for example, US company 
NTP obtained an infringement 
order against the maker of 
Blackberry mobile devices. The 
settlement cost Blackberry more 
than half a billion dollars.

So it is not a good omen that  
the signatories to the EUP include 
Bulgaria and Slovakia, two 
countries that are ranked very low 
in the World Economic Forum’s 
rating of judicial independence. 
Of 142 countries, Bulgaria is 

ranked 104th and Slovakia 116th. 
To put this in perspective, 
Zimbabwe is ranked 118th.

Why does this matter? When 
a patent holder initiates legal 
action, they generally get to 
choose the jurisdiction where 
the proceedings will take place. 
This creates an incentive for 
courts to gain a reputation for 
being favourable to patent 
owners, so as to attract business.

This “forum shopping” is 
already a real problem. In the US, 
the notorious Eastern District of 
Texas court is significantly more 
likely then other US patent courts 
to find in patent holders’ favour. 
Unsurprisingly, it is a popular 
venue for patent litigation. 
There is little to stop Bulgarian  
or Slovakian courts becoming the 
European equivalent.

There is another problem too. 
Patent litigation diverts wealth 
and resources from production  
to legal services. When the EUP  
is introduced, this wealth will  
be diverted from the productive 
economies of Europe to the 
jurisdiction the patent action is 
held in. A notable beneficiary of 
this will be Luxembourg, which 
will host the EUP’s court of appeal.

Yet another issue is that in 
order to appeal against a ruling, 
companies will be obliged to carry 
out activities in Luxembourg. 
Consumer brands will thus have 
to brave the reputational risks  
of being forced to operate in a 
notorious tax haven; lower-profile 
companies may welcome an 
opportunity to avoid tax by 
transferring as much activity  
as possible into Luxembourg.  
The EUP is a gift from Europe’s 

“Countries with low-ranked 
judicial systems could 
become popular venues for 
patent litigation”
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taxpayers to the legal and tax-
evasion professionals of 
Luxembourg.

Trustworthy legal systems 
support wealth creation by 
providing a predictable and 
consistent environment. The  
UK and other western European 
countries are blessed with  
such systems. Exposing their 
inventors and manufacturers to 
justice systems of questionable 
integrity will destroy one of  
their key business advantages. 
The economic cost will dwarf  
any administrative savings – 
estimated to be no more than 
€290 million a year in court costs, 
less than half the settlement paid 
by Blackberry.

Weak protection of intellectual 
property has major consequences. 
China is the world’s largest 
manufacturer but has a judicial 
independence ranking of 63 – and 
no top 100 consumer brands. By 
contrast, Germany is a smaller 
manufacturer, but boasts a judicial 
independence rank of 7 and has 
nine of the top 100 brands.

The EUP system was devised  
by distinguished jurists. One can 
only speculate why they have  
done such a poor job. Perhaps 
professional courtesy played a 
part; no European jurist would 
question the integrity of a foreign 
colleague’s legal system. The 
disproportionate influence  
that Luxembourg exerts on the 
European Commission must 
also have played a part.

The EUP undermines existing 
high-quality justice systems for  
a minor cost saving; it shackles 
western European economies to 
sub-standard legislatures; and it 
exposes companies to the risks  
of operating in a tax haven. It is a 
white elephant that will trample 
over productive economies of 
Europe.  ■

David Cooper is a consulting engineer 

in mobile telecoms who specialises in 

intellectual property. He has been an 

expert witness in several patent cases, 

including the Samsung vs Apple 

dispute. He is based in Berkshire, UK

More harm than good
He discovered prostate-specific antigen (PSA), but pathologist 
Richard Ablin has long disputed its use for cancer screening 

PROFILE

Richard Ablin is professor of pathology at the 

University of Arizona. He discovered PSA in 1970, 

and co-wrote The Great Prostate Hoax: How big 

medicine hijacked the PSA test and caused a 

public health disaster (Palgrave Macmillan)

Your book condemns the use of PSA for cancer 

screening. What do you hope to accomplish?

I hope to expose how the urology community and 

drug industry misused the PSA test, putting money 

over the best interests of patients. I also want to 

show how the US Food and Drug Administration 

failed in its duty to the public: its advisers warned 

that routine PSA screening would cause a public 

health disaster, but it was approved under pressure 

from advocacy groups and drug companies.

How did you discover PSA back in 1970?

In animals, freezing prostate tissue in situ 

produced an immune response – antibodies to 

proteins in the tissue. We did a trial of the freezing 

technique in men with prostate cancer that had 

spread, and saw regression. I wondered if freezing 

spurred an immune response by releasing a 

cancer-specific antigen, or protein, from the 

prostate tissue. So I studied prostate tissue and  

I found an antigen, but it was characteristic of 

normal and malignant tissue – specific to the 

prostate, not to the cancer. 

That is one of four major concerns you 

highlight about PSA. What are the others?

So, first is that PSA is not cancer-specific. Second, 

the level of PSA deemed worrying is arbitrary – 

4 nanograms per millilitre or higher. As PSA is not 

cancer-specific, no level is diagnostic. Third, 

prostate cancer can be aggressive or, more often, 

very slow-growing. We can’t tell which is which. 

Last, many men will develop prostate cancer  

by age 70. If an older man has a PSA level that 

prompts a biopsy, it is likely you will find cancer. 

Since you can’t tell if it’s aggressive, many men get 

treated unnecessarily – and risk life-altering side 

effects including impotence and incontinence. 

But surely PSA has its diagnostic uses?

PSA can be a useful predictor of recurrence; after 

treatment for prostate cancer, if the PSA level 

increases it can indicate they didn’t get all the 

tissue, or that cancer that began in the prostate 

has spread. But that is not how it is primarily used.

You note that men with a family history of 

the disease may benefit from PSA tests to 

watch for major changes. As your father died 

of prostate cancer, does that include you?

If your father had prostate cancer, your chances 

are 2:1, so theoretically you may benefit from PSA 

monitoring. But the decision depends on how well 

you deal with risk. My father was diagnosed at 67. 

He died a year later. I am 73. If I had a biopsy today, 

there’s an 80 per cent chance that I would have 

prostate cancer. But the data show that at my age 

treatment wouldn’t extend my life, and it would 

be likely to leave me with debilitating side effects.

What do you advise men grappling with this? 

Ideally, it should be an informed decision between 

a man and his doctor. The unfortunate reality is 

that no current data show that men who undergo 

PSA screening live longer than men who decide 

against it. So if you have no symptoms, no family 

history of prostate cancer, and a normal digital 

rectal exam, I would say, do nothing. Because 

once you’re on that train, it’s hard to get off.  

Interview by Tiffany O’Callaghan

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


34 | NewScientist | 15 February 2014

Multiverse musings
From Max Tegmark, 
Massachusetts Institute 
of Technology
While we don’t know whether 
parallel universes exist, there is 
something we do know: whenever 
a physicist writes a book about 
them, the web erupts with claims 
they are unscientific nonsense. 

Mark Buchanan’s review of my 
book Our Mathematical Universe 
was no exception (18 January, p 
46). “Is this still science,” he 
wonders, “or has inflationary 
cosmology veered towards 
something akin to religion?”

The key point that many critics 
miss is that parallel universes 
aren’t scientific theories, but the 
predictions of certain theories, 
such as cosmological inflation. 
These theories are scientific 
because they make testable 
predictions for things that we can 
observe, such as the cosmic 
microwave background.

Because it has passed such 
experimental tests, inflation is 
the most popular theory for what 
happened to the universe early 
on. But if we take inflation 
seriously, then we must also take 
all of its predictions seriously, 
even those that are untestable – 
including parallel universes.

Humans have repeatedly 
underestimated the size of our 
cosmos by assuming that 
everything we could observe was 
all that existed. No matter how 
seductively comforting a small 
reality may feel, we aren’t free to 
opt out of scientific predictions 
because we don’t like them. Our 
job as scientists isn’t to tell the 
cosmos how to be, but to follow 
the trail of evidence wherever it 
leads. For a further discussion see 
my blog at bit.ly/1c6vaJx.
Cambridge, Massachusetts, US

Human nature
From Monica Janowski
The views of ecologist Chris 
Thomas on the resilience of the 

biosphere were refreshing and 
long overdue (11 January, p 28). As 
he points out, extinctions, 
hybridisations and the generation 
of new species are fundamental to 
the constant fine-tuning of Earth’s 
biosphere, and offer some 
consolation in the face of fears of 
species decline.

The changes we cause should be 
seen as part of the dance of nature, 
as much a part of it as the fall of an 
asteroid – although they are 
infinitesimally less significant.
London, UK

From Lachlan Jones
In her letter, Weibina Heesterman 
fears that new life forms evolving 
after a human-induced mass 
extinction event “might be a glut 
of insect forms rather than cuddly 
koala-type creatures” (1 February, 
p 33).  Yet the evolution of new 
species of insect and other 
invertebrates would hardly be 
surprising considering that they 
will also be severely affected by a 
mass extinction.

 It doesn’t help that the plight of 
endangered insects, molluscs and 
other invertebrates is ignored in 
the rush to protect a handful of 

charismatic species, nearly always 
mammals or birds.

Insects are complex, varied and 
fascinating, yet many potentially 
avoidable extinctions will occur  
if the attitude persists that  
only cute, fluffy animals matter. 
We need to encourage an 
appreciation of life’s true 
diversity.
Brisbane, Australia

Fructose effect
From Stephanie Trotter
I enjoyed your look at sugar’s 
health effects, and was fascinated 
by the statement that “fructose 
doesn’t affect leptin production 
[the hormone that makes you feel 
full]; one small study even 
suggests it ups the level of its 
counterpart ghrelin, the hormone 
that makes you hungry”. In other 
words, fructose encourages 
overeating (1 February, p 34).

This fits my experience while at 
boarding school where the diet 
was biased towards sweet 
puddings, white bread and jam – 
all filled with this sugar. I spent 
four years putting on weight in 
term time and I was also 
permanently hungry.
Seaview, Isle of Wight, UK

Road to Damascus
From David Ashton
Discussing Fyodor Dostoevsky’s 
epilepsy, Anil Ananthaswamy 
asks if mystics through the ages 
had comparable “ecstasies” (25 
January, p 44). 

Seven decades ago, historian 
Joseph Klausner’s book From Jesus 
to Paul outlined reasons for 
thinking that St Paul had epileptic 
seizures. In 1987, David 
Landsborough developed this 
diagnosis in the Journal of 
Neurology, Neurosurgery & 
Psychiatry, and in 2003 the idea 
caused “offence” when voiced 
during a BBC1 documentary on 
the origins of Christianity.
Sheringham, Norfolk, UK

Potty mouth
From Stuart Tallack
I enjoyed the article on nitrogen-
hungry pitcher plants and their 
relationship with defecating 
mammals (1 February, p 43). But I 
am not 5 years old so don’t need 
the prissy and childish word 
“poo” to assault my eyes.
Excreta, faeces or droppings are 

perfectly acceptable; dung is 
perhaps not, as it implies manure. 

Shit was originally used 
without any connotation of 
vulgarity and should re-enter 
respectable society. But, please, 
not “poo”. What next? Articles on 
genitalia using such euphemisms 
as “front bottom”, “naughty bits” 
and “meat and two veg”?
Felpham, West Sussex, UK

Super sonic?
From Julius Wroblewski
The notion of using high-
intensity focused ultrasound 
waves in cancer surgery sounds 
interesting (4 January, p 38). 
However, as a pathologist, I have 
some concerns.

You can make a case for sonic 
waves cooking an in situ tumour 
to oblivion, but in practice the 
inspection of a removed tumour 
remains important in order to 
check for a sufficient rim of 
healthy tissue to verify success.  
A blind roasting of the cancer 
gives no such assurance.

The period of post-surgical 
surveillance is where ultrasound 
treatment may be at its most 
beneficial. So many cancers end 
up evading the scalpel and 
shooting out metastatic seeds.  
A two-pronged assault would be 
good: a sensitive imaging 
technology that can pick up small 
metastatic deposits, followed by 
focused ultrasound 
bombardment to fry them. Add 
appropriate chemotherapy and 
you could be weeding the 
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corporeal garden on a regular 
basis, prolonging life to who 
knows what extent.
Vancouver, British Columbia, 
Canada

Tragic choices
From Jason Pearce
Based on the assumption that 
brainstem death means life has 
ended, I would draw the opposite 
conclusions to medical ethicist 
Richard Huxtable in his look at the 
debate over life support for 
pregnant Marlise Muñoz and 
teenager Jahi McMath in the US. 
Both were diagnosed brain dead 
(25 January, p 26). There was a 
moral duty to continue life 
support for Muñoz’s body because 
of her unborn child. Her 
autonomy or wishes shouldn’t 
have entered the discussion, as 
she no long “existed”.

As for McMath, there is no 
reason her family should be 
prevented from carrying out their 
wish to keep her body on life 
support, so long as it is at their 
own expense. Ethically, it is no 
different to preserving the body 
by embalming it (though more 
expensive and less permanent).

It seems that deciding at what 
point life ends is the beginning, 
not the end, of this debate.
Cardiff, UK

The editor writes:
■  Muñoz’s fetus was not viable. 
The Texas hospital involved has 
now ended life support on the 
orders of a state district judge.

Genetic pointer
From Roger Mathews
I used to reject the concept of 
intergenerational memory 
transfer that John O’Hara 
highlights in his letter (18 January, 
p 29). Then I woke up. I have a 
pointer, my fourth. These dogs 
were bred to find birds, and then 
on command, get the birds to 
break cover so they could be shot. 

None of my pointers were trained 
to hunt, as I don’t hunt, but all of 
them know what to do.

They are born obsessed with 
finding birds. When they find one 
they stalk it like a cat. When close 
enough they take up a “pointing” 
position that never varies, with 
one paw raised and the tail 
horizontal. The only explanation 
is that the behaviour is passed on 
by the genes. Intergenerational 
memory is there to see. If anyone 
doubts it, get a pointer.
Condom, France

Let them eat salad
From Chris Smaje
The crops listed in your article 
championing the urban vertical 
farm as a “new, environmentally 
friendly way to feed the rapidly 
swelling populations of cities 
worldwide” are lettuce, spinach, 
kale, tomatoes, peppers, basil and 
strawberries (18 January, p 17). 

Tasty, but no rice, wheat, maize 
or potatoes. Sounds more like 
garnishings for the wealthy than a 
way to feed cities.
Frome, Somerset, UK

Slow lane
From George Sinclair
Alan Coulson says his Morris 
Minor car could evade a new 
system that disables the vehicles 
of uncooperative drivers by firing 
radio pulses at them (25 January,  
p 31). I also own one, but would 
like to note that Morris Minor 

drivers are seldom the target of a 
police pursuit and in any case 
have considerable difficulty in 
achieving escape velocity.
Yeovil, Somerset, UK

Stress link
From Mark Cox
Liam Drew’s article advising of a 
decline in dementia rates is 
welcome news (11 January, p 32). 
I’ve worked for four years in 
caring for older people. Daily I see 
the ruination of lives that 
dementia brings.

I’m convinced that high levels 
of stress hormones, called 
corticosteroids, are responsible 
for the ravages to the brain 
characteristic of both vascular 
dementia and Alzheimer’s 
disease. The most well-known 
symptom of dementia – short-
term memory loss – is caused by 
corticosteroids inhibiting 
glutamate uptake in the 
hippocampus. The research of 
Robert Sapolsky at Stanford 
University on this is informative.
Wollongong, New South Wales, 
Australia

Symphony in 3D
From Martin Ley
I was fascinated to learn about 
Markus Buehler’s use of musical 
structures to improve the design 
of materials (1 February, p 30). 
That set me thinking: what novel 
structures and materials might 
already lurk undetected in the 
huge library of musical 
compositions? I feel an app 
coming on, for hooking up a  
3D printer to your hi-fi to see  
what comes out.
Burwell, Cambridgeshire, UK

Gut rumbles
From Elizabeth York
John Cryan and Timothy Dinan’s 
article on the links being 
demonstrated between various 

psychological problems and 
particular strains of gut bacteria is 
encouraging in its suggestion that 
these may provide future 
treatments (25 January, p 28).

However, the jump to 
suggesting that the ideal 
treatment may be a genetically 
modified organism containing 
genes from several different 
bacteria seems an unnecessarily 
complicated solution, given that 
the strains of bacteria mentioned 
in the article already exist. To my 
knowledge, all, or almost all, of 
these are already available in 
forms which survive stomach 
acid, and different strains can be 
used together.

The only obvious advantage of 
genetically modified versions 
appears to be for commercial 
companies to patent them.
Northampton, UK

From Tim Stevenson
Cryan and Dinan show that our 
gut flora powerfully affect us. 
Despite some counter examples – 
infections and the success of 
faecal transplants – our flora 
seems to be either self-managing 
or managed by us, for example 
through diet. It would be good to 
know how much of which, and 
whether we can intervene in the 
latter process to our benefit. 
Great Missenden, 
Buckinghamshire, UK

For the record
■ We briefly lost our bearings in our 

look at Braess’s paradox (18 January,  

p 30). Physicist Adilson Motter is at 

Northwestern University in Evanston, 

Illinois, not Northeastern University.

Letters should be sent to:  

Letters to the Editor, New Scientist,  

84 Theobald’s Road, London WC1X 8NS 
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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  
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I
F YOU thought shale gas was a nightmare, 
you ain’t seen nothing yet. A subterranean 
world of previously ignored reserves is about 

to be opened up. These are the vast coal 
deposits that have proved unreachable by 
conventional mining, along with gas deposits 
around them. To the horror of anyone 
concerned about climate change, modern 
miners want to set fire to these deep coal 
seams and capture the gases this creates for 
industry and power generation. Some say this 
will provide energy security for generations  
to come. Others warn that it is a whole new 
way to fry the planet.

A primitive version of the technology 
behind this Dantean inferno of underground 
coal gasification (UCG) has already been 
running for 50 years in the former Soviet 
republic of Uzbekistan. Some 300 metres 
beneath the plains east of Tashkent, Stalin’s 
engineers and their successors have been 
burning a seam of brown coal that can’t be 
mined conventionally. There are two well 
heads on the surface: one pumps air down  
to fan the flames while the other retrieves  
a million cubic metres of combustion gases  
a day. Scrubbed of coal dust, cooled and 
compressed on site, the gases are then sent 
down a pipeline that snakes across the 

countryside to a sprawling power station on 
the outskirts of the industrial town of Angren, 
where they are burned to generate electricity. 

A deadbeat town in a forgotten rust-belt 
backwater of the former Soviet Union is an 
unlikely test bed for a cutting-edge 
technology. But if it can be scaled up 
successfully, the Australian engineers who 
bought the operation seven years ago think it 
could transform the world’s energy markets, 
open up trillions of tonnes of unmineable  
coal and provide a new carbon-based energy 
source that could last a thousand years. 

With trials of UCG under way globally from 
China to Queensland, and South Africa to 
Canada, the stakes are high. Not least for the 
atmosphere. Without a way to capture all the 
carbon and store it out of harm’s way, it could 
raise the world’s temperature by 10 degrees or 
more. Is this burning desire for fossil fuel 

>
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pushing us towards disaster?  
Until recently, only reserves with rich 

concentrations of coal, oil and natural gas 
were exploited – but not any more. With those 
reserves approaching exhaustion, the hunt is 
on to tap huge volumes of “unconventional” 
energy sources, particularly natural gas, or 
methane. With these we could keep the lights 
on, power vehicles, deliver feedstock for the 
chemicals industry, and quite possibly heat 
the planet, for centuries to come.

In the past decade, the focus has been on 
shale gas: methane tightly trapped in tiny 
pores and fractures in shale, a sedimentary 
rock made up of mud and clay mixed with 
minerals such as quartz. Capturing that gas 
required two crucial new technologies. 
Horizontal drilling launched from 
conventional vertical wells can penetrate for 
up to 3 kilometres along shale beds. And 
hydraulic fracturing, or fracking, blasts high-
pressure water into the shale to fracture the 
rock and release the gas. As well as opening up 
the shale, these technologies open the door to 
a wide range of alternative sources of 
methane. They can release methane trapped 
within coal seams, for example, notably in the 
coalfields of Wyoming and Montana. Methane 
is often produced as seams develop, as the 

“ The real prize is to create 
yet more methane,  
by setting fire to huge 
amounts of buried coal”

fracking
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coal becomes compacted and heated deep 
underground. The gas has always been the 
bane of coal mining, but if collected and 
pumped to the surface, it becomes an asset. 

According to the International Energy 
Agency’s latest estimates, some 400 trillion 
cubic metres of economically recoverable 
methane lies trapped in coal and shale beds 
around the world. It roughly doubles 
estimates of how much gas miners may be 
able to get their hands on. But that is just the 
start. There might be even more gas down 

there in different rock strata, much of which 
has migrated from coal seams over millions  
of years. And why limit the plan to existing 
gas? The real prize, the miners say, is to create 
yet more methane by setting fire to the huge 
amount of unmineable coal lurking 
underground. 

Setting fire to coal and capturing the 
gaseous emissions has long been routine 
above ground. Till half a century ago, many of 
us got our gas for heating and cooking from 
gas works that ignited and “gasified” coal. The 
combustion converts the carbon in the coal to 
carbon dioxide while providing heat for 
subsequent reactions in which the CO2

 reacts 
with steam to produce hydrogen, carbon 
monoxide and methane. 

In most countries, gas works have been 
superseded by natural gas from oil fields.  
But now the idea is to turn coal seams into 
underground gas works. That, say proponents 
of the idea, exploits coal once thought too 
deep, too costly or too dangerous to exploit.  
It also saves time and money in mining, and 
land isn’t spoiled by mines and waste dumps – 
not to mention the costs and environmental 
hazards of conventional gas works. Any nasty 
by-products can be left below ground (see 
diagram, right).

The idea of UCG originated with the German 
engineer William Siemens in the 1860s. It was 
first tried out a century ago by British Nobel 
prizewinning chemist William Ramsay, at the 
end of tunnels in conventional mines in the 
Durham coalfield in northern England. The 
experiments successfully produced useful gas, 
but only the Soviet Union followed it up. 

Then in the 1990s, Australian engineers led 
by Len Walker, and Cliff Mallett from CSIRO, 

Fire in the hole
Underground coal gasification (UCG) is a process of extracting energy from coal that cannot easily be mined 

in the traditional way. The coal seam is set on fire, and the gases produced are pumped to the surface
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“ The idea is to exploit 
coal once thought too 
deep, too costly or too 
dangerous to mine”
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the Australian government research agency, 
developed their own systems that borrowed 
techniques in horizontal drilling from the 
US oil industry. Walker set up Linc Energy and 
began trials at Chinchilla, in Western Downs, 
Queensland. Within two years the plant had 
shown UCG was feasible. 

By 2002, both Linc and Mallett’s Carbon 
Energy appeared on the brink of commercial 
operation. In 2006, Walker also set up Cougar 
Energy. And in 2007, Linc bought into Soviet 
operational experience by acquiring a 
controlling stake in the Uzbek operation. 
But then things turned sour.

Following groundwater contamination  
with benzene during UCG trials in the US,  
the Queensland state regulators wanted to be 
sure that underground fires wouldn’t create 
similar problems that surface later. In 2011 the 
Queensland authorities shut down Cougar’s 
operations at Kingaroy after benzene and 
toluene seeped into a nearby water borehole. 
And last July, a state-sponsored scientific 
review vetoed commercial operations by  
Linc and Carbon Energy until the companies 
could demonstrate safe decommissioning, by 
extinguishing the fires, shutting off reactions 
and preventing groundwater contamination. 
Both companies reacted angrily. They say 
decommissioning is no big deal, but 
demonstrating you can do it for a commercial-
size operation is difficult when you don’t 
actually have such an operation. In response, 
Linc announced that it is shutting its 
Chinchilla project after more than a decade of 
production, and moving to China and the US. 
Meanwhile Carbon Energy is busy in China, 
Argentina and Chile, and Walker’s Cougar 
Energy has shifted its attention to Indonesia. 

All systems go
Despite those setbacks, Julie Lauder, CEO of 
the UK-based UCG Association, says the 
success of the Chinchilla trials was a “eureka 
moment” for the nascent industry and there 
have never been more UCG trials set to go 
round the world (see map, left). At Cook Inlet 
in Alaska, and Swan Hills in Alberta, Canada, 
there are plans to go commercial as early as 
2015. Excited by the success of shale gas in  
the US, UCG enthusiasts think their time may 
have come. And nowhere more so than in 
the UK, where they know a thing or two 
about coal. While there is plenty of coal 
untouched beneath the rolling hills of 
England, some of the best coal is out of 
reach, under the North Sea. These seams are 
now the prime targets for half a dozen British 

start-ups, including the biggest and most 
ambitious, Five Quarter Energy. 

Late last year, I sat with the company’s  
three founders in a hotel suite in the heart of 
Newcastle upon Tyne in north-east England. 
We were less than a hundred metres from the 
banks of the River Tyne, where since the 13th 
century they have cut coal to fuel domestic 
grates and industrial boilers. Coal mining in 
the region has virtually ground to a halt in the 

Contaminated water 

was detected near a 

pilot coal gasification 

plant in Queensland, 

Australia, in 2011
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CHEMICAL TOOLKIT

Unlike shale gas, which is entirely 

methane, the gas created by burning coal 

underground comes as a cocktail, with a 

range of potential uses. It is a mixture of 

methane (natural gas), carbon dioxide 

(CO
2
), carbon monoxide (CO) and hydrogen. 

The CO
2
 can be separated out and disposed 

of safely so that it does not add to global 

warming. The rest has value and there are 

four main ways to use it:

GAS TO ELECTRICITY  Power stations can 

burn methane to produce electricity for 

the grid

GAS TO CHEMICALS  Hydrogen, methane 

and CO all have value as feedstock for the 

chemicals industry

GAS TO LIQUID  Methane can be liquefied 

(LNG) for storage or transport, or the CO 

and hydrogen converted through the 

Fischer-Tropsch process to synthetic diesel 

fuel for vehicles

GAS TO TECH  Hydrogen can provide an 

alternative transport fuel  

past 30 years, but there is still plenty down 
there, says Harry Bradbury, a British-born 
geologist, formerly of Yale University. “More 
than 70 per cent of UK coal has never been 
mined; it is still underground. We want to 
burn it where it sits to revive new industry.” 
He founded Five Quarter, named after a 
famous local coal seam, with Dermot Roddy, 
a chemical engineer till recently at Newcastle 
University, and Glasgow University engineer 
Paul Younger. 

The company has a licence to prospect  
for UCG sites in seams beneath more than 
400 square kilometres of the North Sea, from 
Sunderland to the Scottish border. It could  
be bringing gas to the surface before the end 
of this year. “We estimate the area contains 
10 billion tonnes of coal,” says Bradbury.  
“We can turn a third of that into gas.”

As we talk, Younger drags out a chart, 
complete with detailed borehole data on the 
coal seams collected by mining geologists 
decades ago. The data and maps came close 
to being shredded when coal mining shut 
down a generation ago. “We call them the 
North Sea scrolls,” he jokes. 

The team are still working out the detailed 
chemical engineering. “The black arts lie in 
controlling the combustion,” says Roddy. 
“We want to produce the valuable hydrogen, 
methane and carbon monoxide, while 
minimising gases we can’t use, such as 
carbon dioxide.” Pumping down oxygen 
rather than air raises the temperature of 
combustion and produces more methane 
and less CO2

. The perfect combustion 
temperature, says Roddy, is 1500 °C, “but 
900 °C is good enough”. The Uzbek plant, by 
contrast, pumps down air rather than 
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oxygen, burns at cooler temperatures and 
delivers ten times as much CO

2 
as methane.

But the Five Quarter team have even bigger 
plans. They say the other strata beneath the 
North Sea are full of methane too, and they 
want to tap that in a strategy they call “deep 
gas winning”. For instance, there is a shale 
seam below the coal that is their prime target. 
Fracking could release the gas in that. And 
nearby layers may all contain methane from 
the coal. “We believe we can harvest these at 
the same time,” says Bradbury. He reckons 
that underground subsidence created by the 

burning coal seam will help liberate this gas. 
This is a break with the orthodox narrative 

of UCG entrepreneurs. Most insist, in public at 
least, that strata surrounding the coal seams 
are impermeable, and that any pollutants 
released by burning will stay within the seam. 
Not so, says Bradbury. “The rocks above, in 
particular, will be disturbed. They will be 
fractured. Even if they were impermeable 
before, they won’t be afterwards. It is 
inevitable. We estimate the disturbance will 
extend up to 60 times higher than the width 
of the seam.”  

If this is true, could toxic by-products 
migrate into aquifers used for drinking water, 
as happened during Cougar’s Queensland 
trial? As with the exploitation of shale gases, 
the potential contamination of underground 
water is a major technical and public relations 
challenge. But Bradbury says the dangers are 
greatly reduced when the coal seams you are 
tapping are beneath the sea. Water under the 
seabed is not used for public supplies, and is 
unlikely to be in future because most of it is 
saline. For him the appeal of deep gas winning 
is the ability to harvest more gas from a bigger 
area – both from coal combustion, and the 
stuff that has migrated out of the coal or is 
trapped in shale seams. 

Not just a fuel
Such gas is undoubtedly valuable. Most 
obviously, the methane can be delivered to 
domestic consumers or burned in power 
stations to generate electricity. But there are 
other options. In Australia they have been 

turning it into liquid fuel for vehicles.  
“Unlike with shale gas, we are not just bringing 
methane to the surface,” said Bradbury.  
“We are bringing up a cocktail of gases.” Five 
Quarter is eyeing another potential market for 
these gases (see “Chemical Toolkit”, page 39).

North-east England’s large chemicals 
industry is short of cheap feedstock. So North 
Sea coal gas could be a lifesaver. Roddy, who 
once ran a local chemical plant, pictures 

turning hydrogen, carbon monoxide and CO
2
 

into acetic acid and acetates; and hydrogen 
and CO

2
 into methanol. The region already has 

a pipeline network for supplying hydrogen. 
Similarly, in Scotland, the giant Grangemouth 
chemicals complex is importing gas from 
North America while coal seams sit unused 
just a few hundred metres offshore under the 
Firth of Forth. Bradbury argues that a UCG 
revolution in the UK could dramatically 

“The chemicals industry is 
short of cheap feedstock 
so North Sea coal gas 
could be a lifesaver”

Could a coal gas 

revolution make dirty 

coal-fired power 

stations a thing of  

the past?
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reduce the price of some feedstocks for a 
chemicals industry that has threatened to 
decamp to the US, where costs are lower.  
“If we don’t solve the problem, then the 
chemicals industry will go.”

Other UCG enthusiasts around the world 
are also keen to start – they say their 
technology is ready and the gases they can 
generate are in demand as both fuel and 
chemical feedstock. The trick will be to 
convince the regulators, investors and the 
industry partners who will all have to come 
on board to turn UCG into big business.  

Late last year, the British government 
dipped its toe in the water when it set up an 
Office for Unconventional Gas and Oil and 
stumped up £15 million to help fund Five 
Quarter’s plans for a plant to clean and 
distribute its gas. And Bradbury claims he  
has a big name industrial collaborator to 
announce soon. Meanwhile, the business 
press is full of stories about the presence of 
Algy Cluff among the UK holders of UCG 
offshore licences, a charismatic figure who 
made his name and money in North Sea oil 
exploitation in the 1970s. 

Bradbury would be the first to admit that 

recently reckoned that the world needs to 
limit total emissions of carbon, from now on, 
to less than half a trillion tonnes just to keep 
global warming below 2 °C. Most climate 
analysts agree even burning a large fraction 
of conventional fossil fuel reserves would 
produce unacceptable warming, let alone 
what could be released by UCG. 

Burning dilemma
What to do? Either we have to leave the fuel in 
the ground, or develop a global industry for 
capturing CO

2
 at the source and storing it out 

of harm’s way. In the case of UCG that would 
mean capturing the CO

2
 produced both when 

the coal is burned underground and when the 
resulting methane is burned in power 
stations. Climate scientists such as Myles Allen 
at the University of Oxford argue that carbon 
capture and storage (CCS) is the only practical 
way forward. And this is where UCG has 
something to offer. Burning coal in situ leaves 
huge voids that are ideal places for burying 
captured CO

2
. And the infrastructure created 

to bring coal gas to the surface, purify it and 
deliver it to power stations would be ideal for 
carrying the CO

2
 away again. 

So far efforts to kick-start CCS technology 
have failed. A plan to burn UK coal seams 
beneath Hatfield in South Yorkshire, to supply 
gas to a power station and strip out CO

2
 for 

burial beneath the North Sea, was scrapped by 
the government in late 2012, despite backing 
from the European Union. Ministers said it did 
not offer value for money.

But Bradbury remains enthusiastic. “Half 
the cost of CCS will be transport and storage,” 
he says. “Why not pay for it through profits 
made from extracting the gas from the coal 
seams?” Nice idea. But suppose things don’t 
work out as expected. What if there are no 
profits? Even fracking, which is now seen as a 
deliverer of golden eggs, took three decades to 
become profitable. What if CCS technology 
proves as slow to develop as UCG has already 
been? A 2007 study by the Massachusetts 
Institute of technology concluded that 
commercial CCS development was unlikely 
before 2030, and since then little progress has 
been made. And what if the regulators 
backslide on their insistence that UCG 
cannot go forward without CCS? To its critics, 
UCG still sounds like playing Russian roulette 
with the climate – and the onus is on those 
who want to develop yet more fossil fuels to 
prove them wrong.  ■

Fred Pearce is a consultant for New Scientist 

coal still has an image problem. Nevertheless, 
it is the world’s most abundant fossil fuel and 
the great majority of it can only be accessed by 
burning the coal where it lies. UCG could 
quadruple recoverable coal reserves in the US. 

An assessment by the World Energy Council 
puts the proportion of global coal that is 
readily recoverable at 15 to 20 per cent of the 
total, which Gordon Couch of the 
International Energy Agency’s Clean Coal 

Centre puts at 18 trillion tonnes. Potentially, 
UCG could unleash the energy from the other 
80 to 85 per cent – enough to supply the world, 
at current requirements, for 1000 years.

Industrialists may salivate at the idea 
of burning all that coal, but for the climate 
the prospect is truly terrifying. The 
Intergovernmental Panel on Climate Change 

“ Underground coal 
gasification could unleash 
enough energy to supply 
the world for 1000 years”
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O
N 14 December 2013, the top trending 
topics on China’s biggest social networks 
were a popular TV show and a football 

match. If it hadn’t been for a concerted push 
from China’s state-controlled media, the 
casual observer might never have noticed 
that China had just become the third country 
in the world to land on the moon. 

The news was not greeted with sweeping 
enthusiasm. After all, landing the Yutu robotic 
rover, aka Jade Rabbit, on Earth’s closest 
neighbour was a feat human explorers had 
bagged many decades before. “We’re now only  
50 years behind Russia and USA,”  quipped 
one commenter on Weibo, China’s version 
of Twitter. “Our country’s designers have 

The first taikonauts return to 

Earth after 15 days in space. 

They won’t be the last.

China is on the cusp 
of becoming a space 
superpower. Phil McKenna 
thinks through the 
consequences
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some catching up to do,” wrote another,  
before worrying that the joke would lead 
to police detention.

But if China itself seemed a little bored, 
that was nothing compared with the collective 
yawn echoing around the world. Apart from 
failing the novelty test, the mission was 
accomplished using knock-off equipment, 
and Yutu was dismissed as a tragic “me too” 
exercise by a country lagging decades behind 
the world’s leading space powers.

This common reaction missed the point. 
Jade Rabbit’s successful launch, landing and 
exploration is evidence of China’s meteoric 
rise in the space stakes, and one that will only 
accelerate. “It is a classic example of the 

China every day,” Holdaway says. “Most 
systems are pretty robust but some stuff 
gets through.” Indeed, the received wisdom is 
that China has acquired so much intellectual 
property from external and sometimes 
unwilling sources that they may not be 
capable of innovation. “They are still in a 
developmental stage using essentially Russian 
technology and knock-offs,” says Robert 
Bigelow, the founder of Bigelow Aerospace, 
a space technology company in Las Vegas. 

However, on closer inspection this picture 
seems incomplete. Granted, as Bigelow points 
out, China’s Shenzhou space capsule looks 
nearly identical to Russia’s Soyuz capsule. 
And beneath Chinese spacesuits, taikonauts 
often wear an inner pressure suit made in 
Russia. And yes, Jade Rabbit looks like an 
updated version of Lunokhod 2, a Soviet 
rover that landed on the moon in 1973.  

Long march
Many of these similarities stem from a deal 
that took place in the mid-1990s, when China 
purchased much of Russia’s human spaceflight 
technology, including Soyuz capsules, 
spacesuits, life support, and docking systems. 
However, China has made vast improvements 
to the original designs. For example, the 
Shenzhou capsule is roughly 30 per cent 
larger, with solar panels, advanced avionics 
and electronics. “China has developed what 
the next generation would have been,” 
says Leroy Chiao, a former US astronaut. 

Other crucial improvements, however, are 
not incremental – China has leaped ahead of 
other countries, thanks to basic science. For 
example, to operate a rover successfully on 
the moon, Chinese engineers had to make it 
impervious to lunar soil, an incredibly sharp, 
fine-grained, and sticky substance that nearly 
scuttled the Apollo missions. To test rover 
prototypes without advice from countries with 
access to fake moon dust, Chinese scientists 
developed their own simulated lunar soil from 
scratch. They did it using only a tiny sample of 
moon rock acquired decades earlier from the 
US, says Yongchun Zheng, a planetary scientist 
at the Chinese Academy of Sciences in Beijing. 

China’s rocket technology has a similar tale 
to tell. Its Long March rockets are an original 
design, and quickly became more advanced 
than Russian rockets, which have changed 
very little over the years, relying primarily >C
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tortoise and the hare,” says Dean Cheng of 
the Heritage Foundation, a conservative 
think tank based in Washington DC. From 
the sophisticated communications network 
that guided the rover to its destination, to 
emerging satellite technology that is the 
envy of other nations, to its plans for a new 
international space station, China is a force 
other space superpowers ignore at their 
peril. The ripples are reaching out to affect 
everything from your phone’s settings to 
the first future footprints on Mars. 

To get an idea of China’s burgeoning space 
programme, look no further than its satellites. 
Starting in 1970, China launched low-quality 
transponders and rudimentary spy satellites 
capable of only the most basic tasks at an 
entirely unimpressive rate of one per year. 
By 2012, the country had surpassed the 
US with 19 launches in a single year. China 
had also sent its first taikonaut into space, 
conducted its first space walk and completed 
its first rendezvous and docking with a small 
space laboratory. “The manned program they 
are building is progressing a lot faster than the 
US did with theirs in the sixties,” says Richard 
Holdaway, Director of the Rutherford 
Appleton Laboratory Space division, one of 
the UK’s closest collaborators on the Chinese 
space programme. “They are catching up at 
an astonishing rate.”

“In 15 years they have gone from bit player 
to leading player,” says Jonathan McDowell 
of the Harvard-Smithsonian Center for 
Astrophysics in Cambridge, Massachusetts. 
And they have done so on a shoestring. China’s 
space budget is less than one-tenth of the US 
one, according to a recent estimate by the 
Space Foundation, a non-profit organisation 
based in Colorado Springs. 

So what accounts for the rapid acceleration? 
A common, and not entirely charitable, 
answer is that other nations have already 
solved many of the challenges. “When it was 
just the US and the Soviets, there were basic 
questions of survival – like what would 
astronauts breathe, how much oxygen, how 
much nitrogen – that no one knew the answer 
to,” says Cheng. “Today China can benefit from 
much of that having been worked out and 
made publicly available.” 

His words reflect a familiar attitude that 
China’s technological progress has been built 
largely on the ideas of others – whether given 
freely or not. “We get hacked from people in 
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on kerosene, a low-power but easy-to-use fuel 
source. The Long March 3 –  which sent the Jade 
Rabbit on its path to the moon – uses a more 
advanced hydrazine and dinitrogen tetroxide 
fuel. “It’s something the Russians have tended 
to stay away from,” says McDowell. “It has 
more oomph but it’s harder to work with.” 
He refers to the Chinese success with this 
fuel as a “high-tech achievement”. 

And so, thanks to these and other rapid 
advances in China’s space programme, Jade 
Rabbit spent six weeks mapping lunar regolith 

before an equipment malfunction froze it in 
its tracks. This week, the end of lunar night will 
reveal whether the rover survived. 

If space were simply about moon rovers, 
the story might end there. But China has also 
been busy elsewhere, developing a full suite 
of systems including software, satellites, and 
communications infrastructure with the goal 
of total space independence.

To communicate with its probes on 
previous lunar orbiting missions, for example, 
the country relied heavily on the European 
Space Agency’s global deep space antenna 
network. But not for much longer perhaps. 
“The Chinese are building up their own 
network,” says ESA’s Karl Bergquist. “There 
is less necessity to rely on us.” For the Jade 
Rabbit mission, China still used both 
networks, but depended less on ESA’s.

Satellite navigation is in the middle of a 
similar overhaul. China is a little less than 
halfway done with BeiDou, its answer to 
the GPS satellite navigation system. As of 
today, 15 navigation satellites are in orbit 
with plans for 20 more by 2020.  

Indeed, satellite technology is where 
the country really shines. In 2010, China 
demonstrated its capacity for precision 
manoeuvrability when two satellites 
appeared to rendezvous and briefly touch 
before continuing on their separate ways. 
“It’s one thing to simply come screaming in 
at high speed and bounce off or destroy the 
other,” says Cheng. “But to come in, nudge 
something and back off is indicative of 
very high-end technology and very highly 
advanced skill sets.” A satellite this 
sophisticated could repair other ageing 

satellites to stop them becoming space 
junk – or help assemble a space station. 

Indeed, a second space lab will be in low-
Earth orbit by 2015, placed there by the next-
generation Long March 5 rocket, capable of 
lifting 600 kilograms more than the now-
retired US space shuttle. A full-scale Chinese 
Space Station (CSS) will join it by 2020. A report 
published by the Chinese Academy of Sciences 
spells out China’s next steps, which include a 
crewed lunar base – a goal Holdaway considers 
reasonable – a human mission to Mars, and 
robotic planetary exploration by 2050. 

For a country that has yet to set foot on lunar 
soil, such projections may seem unrealistic. 
But China’s long and persistent march is not 
the only reason to believe the road map: the 
country also possesses at least two resources 
no other country can compete with. The 
first is people. “A quarter million people 
are working on their space programme,” says 
Holdaway. And these scientists and engineers 
are young, says Gregory Kulacki, China expert 
at the Union of Concerned Scientists based in 
Washington DC. Echoing the idealistic, young 
NASA culture of the 1960s, he says, “the 
average age is low 30s, which is 20 years 
younger than other countries’ programmes.”

Another key to China’s present and future 
success is the unique ability – granted by one-
party rule – to stick to their plans longer 
than the political cycles of most Western 
governments. “The Chinese have a long-term 
plan and they’re willing to devote resources 
to it,” says Cheng. “I don’t just mean money, 
I mean human resources, industrial resources, 
and political resources. Eventually we should 
expect they will surpass us.” 

But perhaps the most important catalyst for 
Chinese innovation was being frozen out of 
international collaboration. The US strictly 
forbids their scientists, astronauts, and 
aerospace contractors from collaborating 
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“ China’s next steps 
include a space station, 
crewed lunar base, and 
human mission to Mars”

China’s march to space
China’s space programme embodies the story of

the tortoise and the hare. After a slow start, the 

nation’s progress has ramped up exponentially – 

and may soon outstrip other countries’ capabilities

Earth

Earth
orbit

Geostationary
orbit

Moon
orbit

Moon

1970

1980

1990

2000

2010

2020

1956
China’s 
space 

programme 
founded 

1970 China launches 
its first satellite,
Dong Fang Hong I

1984 China 
launches first 
geostationary 
communications 
satellite

2003 Shenzhou 5 
space capsule 
successfully carries 
taikonaut into 
Earth orbit

2010 Satellite SJ-12 
nudges older satellite, 
changing its trajectory

**2012
Three taikonauts 
spend 10 days 
aboard Tiangong-1 
space lab

2015 Tiangong-2
space lab launch

2017 Chang’e 5 moon 
sample return mission

2020 Chinese Space 
Station launch

2013 Chang’e 3
lunar lander 

and Jade Rabbit 
rover land

on moon

***2012
BeiDou satellite 
navigation system 
launched – rival to 
the US GPS system

2007 Chang’e 1 
unmanned 

lunar orbiter 
reaches the 

moon

*2010
Chang’e 2 lunar 
orbiter creates 
high resolution 
map of moon

2007 China 
collaborates 
with ESA

2010*
Chang’e 2

2012*** BeiDou

2012** Three taikonauts

The Jade Rabbit moon rover is the first 

step towards a crewed moon base
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with China in space, citing concerns that the 
country would co-opt any shared technology.

Being barred from sending astronauts to 
the US-led International Space Station (ISS) led 
China to develop its CSS. Similar examples 
abound. It was only after the European Union 
ended Chinese participation in the Galileo 
project – the European rival to GPS – that 
China began working on BeiDou in earnest. 
Its exclusion from the party also accounts 
for much of China’s rapid advancement 
in satellite development – access to which 
has been most heavily restricted by other 
countries. “They decided to rely on their 
own technology,” Kulacki says. “They have 
advanced faster because of the sanctions.” 

Global effects
And even as China is busy developing its 
capacity in space, the abilities of existing 
space powers are on the wane. “It is not clear 
that the United States’ rate of technological 
improvement will continue as you look 10 to 
20 year out into the future,” McDowell says. He 
cites budget cuts, political gridlock, and failing 
educational systems. Much existing US and 
European space infrastructure is also ageing.

To hedge its bets, ESA is now positioning 
itself to partner with China in human space 
flight. “We have currently three or four 
astronauts and astronaut trainers who are 
in language training,” says ESA’s human 
spaceflight director Thomas Reiter. “We are 
taking steps to intensify our links with the 
Chinese Space Agency.”

But what’s in it for China? After decades of 
being shut out of collaboration, Cheng says 

China may be at a point where it would prefer 
to continue going it alone. “It’s not at all a 
given that China wants to cooperate with 
us. Given the US hiatus on manned space 
flight, it’s not at all clear what we would 
bring to the table,” he says.

Collaboration with Russia may be equally 
unattractive. In 2011, Russia launched a 
Chinese space probe to Mars as part of its 
Phobus-Grunt mission, but the Russian 
spacecraft never made it out of Earth’s orbit. 
“From the Chinese perspective, it was a high-
visibility, high-prestige project that failed 
because of the Russians,” Cheng says.  

Indeed, the shifting balance of space 
powers could have all manner of unexpected 
consequences. The Pentagon recently 
acknowledged that the US military command 
in Africa now relies on a Chinese satellite for 
communications, reflecting the military’s 
ever-larger appetite for bandwidth, which has 
surged in recent years as it relies increasingly 
on remotely operated drones and satellite 
radio communications. 

For the same reason, many commercial 
applications will benefit from Chinese satellite 
development, such as smartphones, which 
can already access both GPS and its Russian 
alternative, GLONASS, as a backup. BeiDou 
would offer a third option. While GPS is 
robust, it has been vulnerable to jamming, 
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“ Even as China is busy 
developing its capacity 
in space, other space 
powers are waning”

causing chaos at airports from San Francisco 
to New Jersey and leading to widespread 
concerns about overreliance on the system. 
A significant number of car manufacturers 
are also reportedly equipping their systems 
to access BeiDou in case of GPS failure. 

Then there’s the US’s ageing weather 
satellite infrastructure, a topic subject to 
annual congressional hand-wringing. Last 
year a controversial government report found 
that the agency’s best alternative would be to 
turn to China for help. 

But these are not the only ways China’s 
space dominance could affect the world. For 
one thing, it might motivate other countries 
to reinvest in their languishing space 
programmes. On 9 January, shortly after the 
Jade Rabbit landing, the US administration 
announced at a space conference that funding 
for the ISS would continue for four additional 
years. While McDowell doubts that the landing 
had anything to do with the decision, officials 
could well have cancelled the ageing space 
station’s $3 billion a year funding. Chiao is sure 
the spectre of the CSS influenced the decision 
not to. “There was a threat that we were going 
to sit on the sidelines as all of our partners go 
over and start working with China,” he says. 

But perhaps the most utopian consequence 
of China’s space ambitions would be a 
renewed realisation that space is not divided 
according to national boundaries. At the same 
forum, US deputy secretary of state William 
J. Burns announced an international space 
road map aiming to unite the separate paths 
of the national space agencies. “It didn’t say 
‘except China’,” says Chiao, noting that this is 
a subtle but significant departure. 

The road map, Burns told the assembly, 
would create realistic prospects for long-shot 
projects commonly considered too expensive 
for individual governments to undertake, such 
as human missions to the surface of Mars, and 
an asteroid defence shield. In any case, none of 
this can happen without China, says Holdaway. 
“My educated guess is that the US, which 
can’t afford to go to Mars on its own any more 
than ESA can, will initiate some dialogue 
with China about a global human mission,” 
he says.

Stranger things have happened: Chiao 
points out that US cooperation with Russia 
was thought similarly unthinkable – right up 
until the moment it happened.  ■

Phil McKenna is a writer based in Cambridge, 

Massachussetts. His interviews with the Chinese 

Space Agency were done with the help of Katherine 

Blackburn, a translator in Appleton, Wisconsin

Engineers prepare 

to send China’s first 

female taikonaut to 

the Tiangong-1 

space lab
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With its spiralled horn and 
elusive ways, it is the stuff 
of legends. Isabelle Groc 
goes in search of the 
mysterious narwhal

E
VEN in the middle of August, Tremblay 
Sound in the Canadian Arctic is an 
inhospitable place. As the small plane 

descends, I get my first glimpse of our 
destination. Remote and desolate, it consists 
mostly of piles of rocks and a little scrubby 
vegetation. During my two-week stay it will 
be cold, wet and windy almost all the time. 
Nobody comes to Baffin Island to get a tan. 

Nevertheless, this is the third summer 
running that Jack Orr from Fisheries and 
Oceans Canada has visited and, together with 
a team of scientists, vets and Inuit hunters,  
he seems right at home. In no time at all  
they have transformed the site into a fully 
operational research station, complete with 
colourful sleeping tents, a kitchen tent and a 
science lab housed in a plywood shack. Finally, 
they set their trap. Having firmly anchored >P
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“ Narwhals spend all winter in the dense Arctic 
pack ice, in complete darkness”

For centuries people have wondered 

why male narwhals have a tusk. 

Today, most scientists see it as a 

sexual trait used to determine social 

rank and compete for females – 

much like the antlers of a stag. 

Another idea, suggested by Martin 

Nweeia at Harvard University, is  

that it acts as a sensor, detecting 

chemicals associated with prey, ice 

formation and salt concentration. 

Traditional explanations are often 

more colourful, and when I spoke to 

Nweeia he recounted a legend he 

had learned from Elisapee Ootuva, 

an Inuit elder from Baffin Island.

One day, a polar bear approached 

a house occupied by a woman, her 

daughter and her partially sighted 

son. The woman told her son to 

shoot the bear and, with help from 

his sister to position his bow and 

arrow, he struck it through the heart. 

His wicked mother pretended he  

had missed and, that night, while 

she and her daughter ate fresh bear 

meat, her son dined on dog food.  

But later, his sister told him the truth.

The next day, an old man came to 

the house predicting that the boy 

would encounter a giant bird on the 

lake and was to climb onto its back. 

He did so and the bird took him 

underwater three times. Each time he 

came up, he could see more clearly, 

until his eyesight was restored. 

That summer, a pod of beluga 

whales swam close to shore. When 

the boy grabbed his spear, his 

mother eagerly asked if she could 

help. Quickly, he tied the end of the 

line from his harpoon around her 

waist so that she could hold the 

speared animal. Then he harpooned 

the biggest whale in the pod.  

The beluga pulled. As the woman 

entered the water, her body bloated 

and she morphed into a narwhal, 

while her long hair spun into its 

spiralled tusk. “The legend has  

it that it is a good sign to see a 

narwhal in the midst of belugas 

because that’s the woman who  

was transformed,” says Nweeia. 

HOW THE NARWHAL GOT ITS TUSK

one end of a heavy-duty fishing net to the 
shore, Orr jumps in a boat and crosses the 
narrow inlet so he can sink the other end to  
the seabed with a bag of rocks. Six buoys keep 
the upper edge of the net afloat to create a 
hanging curtain. All we can do now is await 
our quarry. Its scientific name is Monodon 
monoceros, which derives from the Greek  
for “one tooth, one horn” in reference to the 
males’ spiralled tusk, which can extend up  
to 3 metres. Many people simply know these 
creatures as sea unicorns. 

There are some 90,000 narwhals in the 
frozen northern seas. A small population lives 
off the coast of Svalbard, Norway, but most 
inhabit seas around Greenland, or are found 
in the northern reaches of Hudson Bay and  
in the Canadian high Arctic. The Baffin Bay 
population is one of the largest. Each summer, 
hundreds of narwhals return to these fjords 
and inlets. Orr and his team aim to catch nine 
of them as they swim past, and fit them with 
satellite transmitter tags.

Orr is a veteran of this research, having 
tagged 300 whales over the past 30 years, 
mostly narwhals and belugas. It is hard, 
unpredictable, time-consuming work, but 
it is worth the effort to better understand  
this elusive animal. Narwhals are particularly 
tricky to study because they spend each winter 
in the dense Arctic pack ice, in complete 
darkness. Satellite tracking is invaluable 
in efforts to learn more about them. 

Another researcher, Mads Peter Heide-
Jørgensen from the Greenland Institute of 
Natural Resources has been studying narwhals 
for two decades. Using satellite tracking he 
has found that they have strict migratory 
patterns. Year after year, each group 
undertakes the same migration in the spring 
and the autumn, moving between its winter 
feeding areas in the pack ice and coastal 
summering grounds(see map, page 50).  
The animals Orr studies leave northern  
Baffin Island in the autumn, migrating south 
to the Davis Strait where they spend the 
winter feeding on Greenland halibut, before 
returning the following summer. “They will  
go to the same places where they always go 
because they are programmed to do so,”  
says Heide-Jørgensen.

Narwhals are experts at navigating and 
surviving in the extreme Arctic environment. 
In the winter, they traverse the pack ice 
following small cracks and leads. “I am 
mesmerised when I see how fast the ice 
changes,” says Kristin Laidre at the University 
of Washington, Seattle. “In just an hour, a lead 
can close or completely freeze but the whales 
somehow know. They detect the change,  
and they are very good at navigating these 
dynamic areas.” It turns out they are also one 
of the deepest diving whale species, with a 
record dive depth of 1800 metres, which may 
help them stay out of trouble.

Vital statistics: each 

tag comes with a 

health check

4.1 metres

Average size of a male

Females are smaller at 

3.5 metres
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willow, the most northerly of all woody plants. 
The ground is also covered in animal bones, 
some seemingly very old. Bowhead whale 
remains, narwhal skull fragments, the pelvis 
of a ringed seal and caribou jaws and antlers 
dot the landscape like unexpected artworks.

At one point, a storm hits and we have to 
pull in the net – it would be unsafe to try to 
tow a whale to shore. The wind is so violent 
I am worried it will rip my tent. There is more 
waiting, but this time for the storm to pass.

  ***
The Arctic is changing rapidly. Since 1979, 

about 2 million square kilometres of year-
round sea ice has melted. At this rate, the 
Arctic Ocean is expected to be ice free in 
summer by around 2050. Can the narwhal 
survive in a world without ice?

It doesn’t look good. A study comparing 
the sensitivity of different Arctic marine 
mammals to the effects of climate change 
found the narwhal to be one of the most 
vulnerable species because of its restricted >

5-20
Group size in winter

In summer groups can exceed 1000

Even so, a sudden freeze can catch them out. 
Between 2008 and 2010, there were several 
reports of narwhals becoming trapped in sea 
ice in Baffin Bay,unable to surface to breathe. 
At first, scientists thought changing sea ice 
conditions might be to blame, but then they 
discovered that the incidents coincided  
with seismic surveys of the bay. Narwhals  
are highly sensitive to noise; hunters in 
Greenland have known this for centuries and 
approach them in kayaks because if they use 
boats with noisy outboard engines the whales 
disappear. Heide-Jørgensen believes that  

the airgun noises from the survey may have 
interrupted the narwhals’ migration, causing 
them to return to their summering grounds 
where they became trapped in the fast-
freezing ice that now covered the sea surface. 
He and Laidre are currently using acoustic 
recordings and heart-rate monitors to better 
understand how narwhals perceive sound and 
react to noise produced by human activities.

  ***
Baffin Island in August never gets dark. We 

work 24 hours a day in 3-hour shifts to watch 
the net and keep a look out for polar bears. 
Often hundreds of narwhals swim past, yet 
none are caught. Waiting for a whale to hit the 
net is our main activity: when one becomes 
entangled it is crucial that we act quickly so 
that it doesn’t drown. Bundled up against the 
cold, we watch and we wait.

In this meditative state, you notice things. 
The Arctic tundra is surprisingly colourful. 
There is bright orange lichen growing on 
rocks, yellow saxifrage and the tiny Arctic 

90,000
Total number of narwhals

Conservation status is “near 

threatened”

Narwhal derives from 

the Old Norse “nar” 

meaning “corpse”P
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distribution, reliance on sea ice and 
specialised feeding behaviour. One problem is 
that the loss of sea ice during the summer  
is opening new hunting territory for orcas. 
With their large dorsal fins, orcas are poorly 
adapted for swimming in ice-covered waters, 
but areas in the eastern Canadian Arctic  
that were once off limits to them are now 
accessible. That puts narwhals at increased 
risk of becoming dinner.

A second concern is how the loss of sea ice 
and warming temperatures will affect the fish 
the narwhal eats. In Hudson Bay, for example, 
warming has led to an increase in capelin and 
a decrease in Arctic cod over the past three 
decades. Scientists don’t know if the narwhal, 
which feeds on only a handful of species 

A chilly commute
Narwhals have strict migratory patterns, with each group returning 

to the same summering and wintering grounds every year
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including Arctic cod, can switch to other types 
of prey. There is some hope. Comparing the 
diets of narwhal populations in Baffin Bay, 
northern Hudson Bay and the east coast of 
Greenland, a team led by Cortney Watt at the 
University of Manitoba in Winnipeg, Canada, 
found they eat different food types depending 
on where they are. “This suggests they may be 
able to adapt their foraging behaviour to the 
changing prey availability,” she says.

Sea ice loss also opens up opportunities  
for industrial development and commercial 
shipping in the region. Peter Ewins at WWF 
Canada and his colleagues have reported 
worrying overlaps between these activities 
and the distribution of three whale species – 
narwhals, belugas and bowhead whales. For 
example, a recently approved iron mine in 
northern Baffin Island is expected to bring 
more shipping traffic into one of the most 
important summering areas for narwhals. 
Ewins is particularly concerned about  
oil pollution, ship strikes and acoustic 
disturbance. “There is a major likelihood 
of disruption to these habitats, which may 
become totally unsuitable to these animals,” 
he says. The authors suggest a variety of 
measures to mitigate the impacts of human 
activities on whales, including careful 
planning of shipping lanes, the prevention 
of industrial activity in critical areas and 
regulation of seismic surveys.

After days of waiting, netting a sea unicorn 
seems like an impossible task. We play cards, 
wait, drink coffee, wait, drink more coffee and 
wait some more. Despite the tedium, it can  
be nerve-racking. Because narwhals are often 
captured in the middle of the night, we never 
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noting scars and signs of moulting. “We go as 
fast as we can, and we put a lot of effort into 
ensuring that there is as little stress to the 
animals as possible,” says Orr. In less than 
30 minutes she is ready to return to her calf.

More information is needed to plan for the 
long-term conservation of these extraordinary 
animals, but narwhals are tricky to study. “It 
takes years to learn even a small thing,” says 
Laidre. And with changes coming so fast to  
the Arctic, time is of the essence. “We need the 
answers now but it takes a while to get them,” 
says Heide-Jørgensen. Even with satellite 
tracking there are problems. One tag from a 
female caught in Tremblay Sound was still 
transmitting data 14 months later, but that is 
highly unusual; on average the tags last five  
to six months. We caught five whales during 
our trip, fewer than Orr had hoped for. One  
of the tags malfunctioned within the first few 
weeks, and contact was lost with the remaining 
whales after about four months. This is  
the reality of using high-tech equipment  
in the Arctic. Anything can happen, from 
programming glitches to tagged narwhals 
being killed by hunters or orcas.

As scientists work to understand the 
mysterious narwhal, it remains a paradox. 
Despite being long-lived – they can live at least 
50 years – slow breeding and lacking genetic 
diversity, the species is remarkably resilient. 
It has survived for thousands of years in an 
extreme environment and through several 
periods of dramatic flux. But how much more 
can the narwhal take?  ■

Isabelle Groc is a freelance writer and 
photographer based in Vancouver, Canada 

really sleep, always ready to spring into action 
as soon as we hear the alarm. 

Eventually it comes. First the horn and then: 
“Whale in the net!” We all frantically pull on 
our dry suits, ready to jump into the freezing 
water. Three people hop into a boat and race 
to the end of the net to cut the anchor rope. 
Another boat crew pulls the net up to bring  
the whale to the surface so that it can breathe. 
A shore crew then manoeuvres the animal into 
shallow water where the real work can begin. 

We have caught a large female, 4 metres 
long and anxious to get back to her calf. It’s a 
team effort to calm and control her. While Orr 
attaches the tag to her dorsal ridge using two 
nylon pins, others collect a small piece of skin, 
which will undergo genetic testing later. The 
researchers monitor her heart rate, take  
blood and blowhole samples, record body 
measurements and assess her overall health, 

“ In just an hour, a lead 
can close or completely 
freeze, but the whales 
somehow know”
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Maximum dive depth

They are among the deepest diving whales

5 - 6 months

Average time a narwhal tag transmits data

The record is 14 months

Tremblay Sound in 
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to spot a narwhal
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Ten Thousand Birds: Ornithology 

since Darwin by Tim Birkhead, 

Jo Wimpenny and Bob Montgomerie, 

Princeton University Press, 

$45/£29.95

MY GRANDDAD 
had a card series of 
flags of all nations, 
all under glass. As 
a child I was struck 
by the birds on the 
various flags – 
Mexico’s eagle, 

Ecuador’s condor, Uganda’s 
crowned crane and so on – and by 
how each bird’s perceived grace, 
fierceness or nobility made it a 
reflection of how a state saw itself.

Four decades on, my back 
garden is full of everything from 
pigeon-grabbing falcons and seed-
crushing finches to banana-billed 
toucans and jewel-bright 
hummingbirds. Their songs, nests, 
mysterious migrations, even just 
the act of flying, all enchant, 
taunt, intrigue and tell of another 
world, ancient, important, and 
proceeding by non-human rules 
and rhythms. 

It is their capacity to connect,  
to capture our emotions, that 
helps make birds so enchanting.  
It probably also explains why they 
have contributed more to the 
study of zoology than almost any 
other group of animals – and in 
the process transformed the 
nature of the field. 

In Ten Thousand Birds: 
Ornithology since Darwin, Tim 
Birkhead, Jo Wimpenny and Bob 
Montgomerie track ornithology 
from its mid-19th-century origins 
as a rich man’s hobby, through 
the infiltration of the scientific 
method into bird studies as 
museums rose to prominence, 

and then the museums’ role in the 
gradual transformation of natural 
history into natural sciences. This 
is a transition so complete that 
ornithology is now firmly rooted 
in the academic mainstream, 
and its studies of evolutionary 
processes such as sexual selection 
and biogeography serve as models 
for zoology in general.

Starting out when bird study 
was a sort of private, feathered 
stamp-collecting, we learn  
about characters such as British 
banker and zoologist Lord Walter 
Rothschild, who had fieldmen 
dotted around the world, 
obtaining specimens for his 
collection that eventually 
exceeded 300,000 bird skins. 

Following such class-based 
role models, early ornithologists 
believed that professionalism 
was vested in museums, yet 
the fact that they came up with 
such names as superb lyrebird, 
splendid fairy-wren, or 
resplendent quetzal for the birds 
they studied shows that the 

beauty of birds could penetrate 
even the most Victorian reserve.

Those early questions of 
identifying species and of 
distribution that kept the 
gentleman-amateurs busy led 
to the more detailed enquiries 
which were to become ecology, 
physiology, ethology and 
evolution. Modern methods  
such as phylogeography, satellite-

tracking or isotope-based diet 
studies would have been 
unimaginable to those early 
pioneers, but they would certainly 
have recognised the constants 
the authors identify in all avian 
researchers – boundless curiosity 
and a love of birds. 

Without that love, the story of 
this transition could have been 
tedious, or filled with nit-picking 
minutiae, sending you fast-

forwarding in search of the next 
nice picture. But because it is 
lovingly well-researched and 
beautifully written, Ten Thousand 
Birds is huge without being tome-
like, fact-packed without being 
overwhelming, and has truly 
breathtaking scope. 

As the authors admit, they 
don’t cover everything, but 
with 11 chapters ranging from  
palaeontology, reproductive 
control and anatomy to instinct, 
sexual selection and conservation, 
they have a good try. Each chapter 
follows conceptual advances in  
an  area, which, taken together, 
show the development of modern 
ornithology and its strong 
influence on science.

In few other fields is it clearer 
that science is made by people: 
there is never a pure path waiting 
for a chosen individual to set a 
wellington-booted foot upon it 
and binocular forth to truth and 

CULTURELAB

“ It is their capacity to 
connect, to capture our 
emotions, that helps  
make birds so enchanting”
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High flyers
Bird lovers will have a field day discovering how their passion turned 
into a fully fledged discipline, says ecologist Adrian Barnett
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fame. Progress occurs in jumps, 
stutters and lulls, with false starts 
and blind ends, and does so both 
because of, and in many cases, in 
spite of, the characters involved. 

There are moments of true 
insight with paradigm-shifting 
grand leaps, and then there is the 
more pedestrian trundling of 
season-to-season science. A 
beautiful example is the chapter 
on fossil birds. Here the authors 
tell how entrenched arguments 
over Archaeopteryx (so perfect a 
missing link that the discovery of 
the first fossil just two years after 
On The Origin of Species was 
published led to accusations of 
fakery) gradually faded as the true 
extent of the lineage of feathered 
dinosaurs became apparent. 

But there are also “Eureka!” 
moments, as when the 
palaeontologist Storrs Olson 
decided that birds were really 
feathered dinosaurs – and the 

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

whole game changed. 
Or take speciation. Ten Thousand 

Birds shows how vital technological 
advances can be. These include 
cladistics, trinomial classification 
and gene sequencing –not to 
mention the insect-killing 
arsenical soap that ensured bird 
skins actually reached collectors 
from the tropics without turning 
into a box of beetles on the way.

But so, too, are the conceptual 
changes that occur when different 
researchers tackle the same 
problem. The authors show 
how opinion on what drove the 
evolution of Galapagos finches 
swung from food being of little 
import (argued by evolutionary 
biologist David Lack, based on a 
short field study) via a conviction 
that it was the hardness of food 
that counted (argued by 
ornithologist Bob Bowman, from 
skull musculature studies), to the 
conclusion of evolutionary 

Watch the birdie: ornithology has 

been a major shaper of zoology

biologists Peter and Rosemary 
Grant, after more than 30 years 
of study, that it is dynamic, multi-
factorial and highly variable. 

Then there are singular events 
and chance: for example, needing 
money to pay a blackmailing 
mistress, Rothschild sold his 
entire bird collection to the 
American Museum of Natural 
History in 1931. Many of these 

birds had been collected in the 
field by explorer-naturalist Erwin 
Stresemann and described by 
Rothschild’s bird curator, Ernst 
Hartert. The birds were used at the 
museum by evolutionary biologist 
Ernst Mayr to bring his own kind 
of revolution to speciation. 

Mayr read widely and had a 

near-photographic memory, and 
it is often forgotten that he began 
academic life trying to puzzle out 
the evolutionary history of birds 
on South Pacific islands. Today,  
he is seen as one of the greats. But 
without Rothschild’s scheming 
ex-mistress, evolutionary studies 
might have been very different.

Then we have excerpts from 
extended conversations with 
ornithological luminaries, made 
over decades, which provide 
crucial extra detail. The personal 
details and reminiscences are 
both delightful and genuinely 
illuminating regarding how the 
pioneers worked, why they chose 
the problems they did or found 
the solutions they did, and what 
inspired them in the first place.

Now we know that the 
Cambridge Bird Club thought  
Peter Grant a very poor 
ornithologist: “I was allowed to 
take birds out of a mist net once,” 
he recalls. And that Robert 
Ricklefs, who made his name for 
research on seabirds, could say 
after decades of work: “I look back 
on this kaleidoscope of influences 
and ideas with some amazement, 
glad… my curiosity about life has 
not dimmed.” What a shame that 
no one interviewed Richard 
Meinertzhagen before he died so 
that we could find out why, despite 
being a good ornithologist, he 
faked data, stole specimens and 
passed them off as his own. 

There have been other histories 
of ornithology, and the authors 
have clearly examined them and 
worked out how to avoid the 
pitfalls. A clear narrative laid out in 
the foreword, innovative timelines 
at the start of each chapter, and 
lucid, jargon-free writing on 
technical topics mean that this 
book is definitive, absorbing and 
highly recommended. A sentence 
one can rarely write.  ■

Adrian Barnett is a rainforest ecologist 

at Brazil’s National Institute of 

Amazonian Research in Manaus

“Without Rothschild’s 
scheming mistress, bird 
evolutionary studies might 
have been very different”
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Time well 
spent

Postdocs have a brief window to 
accomplish career-changing results. 
Focusing on a few key goals can help  

you maximize the rewards,  
finds Rachel Nuwer

THE INSIDER

CONGRATULATIONS, you’ve just landed  
a postdoctoral position in a coveted lab.  
Before the champagne goes to your head, 
however, you should be asking yourself:  
how do I go about making the most of my 
limited time here?

Besides turning out high-quality, 
publishable research, a successful postdoc 
should be cultivating connections and 
developing the skills that will help advance  
his or her career further down the road.

As the saying goes, to fail to plan is to plan 
to fail. “You can’t just go into the lab every day, 
do your science and not pay attention to the 
complete picture,” says Mary Anne Timmins, 
administrative director for biomedical 
postdoctoral programs at the University of 
Pennsylvania, in Philadelphia. A strategy for 
your career will help make your aspirations a 
reality, she says.

Depending on your, and your advisor’s, 
preferences, you may want to write an 
individual development plan as soon as you 

begin your postdoc. This document should 
spell out your goals for up to five years 
ahead. “I can’t emphasize enough how much 
doing a self-assessment tells you where you 
stand versus where you want to be,” says 
Darwin Operario, a member of the National 
Postdoctoral Association’s board of directors 
and a research associate at the University of 
Virginia, Charlottesville.

Keep focused on your goals by asking 
yourself at the end of each day, “What did I do 

today to advance my career?” It could be as 
little as coffee with a potential collaborator, 
or perhaps attending a seminar and learning 
something new.

“Remember that your postdoc is a training 
experience, helping you prepare for the career 
you want,” says Robin Moudy, a science and 

technology policy fellow at the American 
Association for the Advancement of Sciences 
with two postdocs under her belt. “It’s not a lab 
tech job.”

Planning with your advisor can only get  
you so far, however. Connections are essential, 
whether you want research collaborations or 
have your eye on a faculty position or a job  
in industry.

First, get yourself noticed. Jump at every 
chance you get to present your work, attend 
conferences and meetings, or reach out to 
local institutions or your alma mater and offer 
to give seminars. The higher your profile, the 
more likely your reputation will precede you 
when it comes to a job interview – and the more 
likely you will be to make a connection needed 
to land that dream position.

Take a leaf from Peter Newton’s book. A 
postdoctoral research fellow at the University 
of Michigan in Ann Arbor, Newton has been 
to 24 meetings, conferences, workshops and 
training events in the past two years. “I’m pretty 

The Postdoc Survival Guide: Part 2 
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

“New connections may lead to people 
you wouldn’t otherwise meet, or 
career paths you’d never considered”
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sure that’s not normal for most postdocs,” 
he says. Newton is an exceptionally keen 
networker and has seized the opportunities 
presented by his politically hot research area 
– managing resources in tropical forests and 
agricultural landscapes – which has brought 
him into contact with interested parties from 
academic colleagues all the way to the Food and 
Agricultural Organization of the UN.

Make friends, influence people
Even if you aren’t swapping cards with global 
diplomats, never be afraid to network with as 
wide a spread of people as you can, and give 
them an elevator pitch about your work. New 
connections may lead you to other scientists 
you wouldn’t otherwise meet, or career paths 
you’d never considered. 

Use your advisor’s connections by all means, 
but don’t ignore people outside your immediate 
research experience – even program directors, 
science journalists and the people you purchase 
your lab equipment from. “They could be doing 
something very interesting, but you’ll never 
know unless you ask,” Timmins says.

Crucially, don’t let yourself feel awkward. 
“Approaching people is encouraged – it’s part  
of the game,” says Daniel Goldman, a physicist 
at the Georgia Institute of Technology in 
Atlanta. “You do it once and it’s painful, but  
it gets better.”

A networking strategy will come in useful. 
“Talk to people who are already in the position 
you want to have, and to people at different 
stages in their career,” Operario says. You 
want to fill in the gaps in your understanding 
of your career path, so speak to people going 
through the faculty selection process and those 
managing a lab in the long-term.

Turning conversations into job offers can 
be easier if you have applied for or obtained 
your own funding. It “makes things instantly 
better,” Goldman says. “People who didn’t 
have space for you suddenly will.” By the latter 
part of your postdoc, you should be far enough 
along to be able to submit a strong application 
for relevant competitive grants from 
government organizations such as the National 
Science Foundation or the Fulbright program, 
or private foundations such as the American 
Cancer Society or even National Geographic.

The more fellowships you apply for, the 
greater chance you will be awarded at least one 
of them. Even if you don’t win a grant, simply 
applying for it can show a hiring committee that 
you are motivated and proactive. Over the past 
two years, Newton has applied for six grants 
– some from his university and others from 

non-governmental organizations. He received 
four, was declined for one and is still awaiting 
results for the other. “Applying for grants is great 
experience,” he says. “Even when they don’t pay 
off, it’s useful to learn that process.”

If you’re based on a campus, it makes sense 
to take advantage of the opportunities the 
college setting presents to enhance your value 
outside the lab as well. Many universities offer 
CV-boosting workshops in secondary skills 
such as grant writing, public speaking and 
teaching, while academic libraries often offer 
training programs on how to create masterful 
PowerPoint presentations. Toastmasters 
clubs – nonprofit organizations that specialize 
in helping people with communication and 
leadership skills – can help you hone your 
public speaking and teach you to communicate 
your research to a non-academic audience.

Social skills count, too. Each year, Timmins 
invites a manners expert to give workshops, 
ensuring her postdocs can charm their way 
into the heart of any interviewer. “It doesn’t 
matter if you’re going for an academic position, 
an industry position or into science writing 
– you still have to go through the interview 
process and connect with people,” she says.

Shine in your science
Extracurricular activities and good manners 
aside, strong scientific work remains the best 
way to maximize your postdoc. Unlike your 
PhD, your postdoc does not need to be limited 
to a single research question. You can hedge 
your bets by getting involved with at least one 
project that has high chances of success,  
which will offset riskier or more left-field 
pursuits. This way, even if your main project 
fails, you will have a backup with publishable 
results. Try to avoid spending too much time 
setting up equipment and organizing field sites 
– it is better to invest your time in research  
than logistics.

When it comes to publishing, your job 
prospects may be severely limited if you 
haven’t published at least one paper by the 
fourth year of your postdoc. A publication in 
Science, Nature or Cell is a great target, and will 
show hiring committees that your research is 
important. But don’t put all your eggs in one 
basket, Goldman says. Aim for a mix of high-
profile journals by all means, but don’t neglect 
“solid, data-type papers, for the ten specialists 
who care.”

Newton works on two main projects and 
dabbles in several others. He enjoys being able 
to study and write about different things, but 
adds that “it requires you to be organized and 

adaptable, so you can keep several projects 
moving along at the same time.”

While your years as a postdoc will likely be 
far from relaxing, if you can manage to not 
only survive this hectic period but to thrive, 
your hard work should pay off in terms of your 
career. “I don’t know that you can ever ensure 
you have a job after the postdoc,” says Newton. 
“But I have a couple of interviews lined up, so I 
must be doing something right.” 

Rachel Nuwer is a writer based in New York

HAVE A PLAN
Craft an individual development plan, or at least 

regularly discuss your goals and progress with 

your advisor.

NETWORK
Talk to everyone you can. The more people  

you know, the better your chances of hearing 

of a future job. Consider joining a national  

or university postdoc association to raise  

your profile.

PUBLISH
Prioritize quality over quantity, and aim for 

high-impact journals if possible. 

DO EXCELLENT SCIENCE
Try to participate in more than one research 

project so you have a range of experiences,  

and have a backup in case your main project 

goes awry. 

SEEK YOUR OWN FUNDING
Coming into a job interview with your own 

money makes you a more appealing candidate. 

You will also have more freedom in your work if 

you are fully or partially supporting yourself. 

BE PROFESSIONAL
Make sure you can speak, write and present well, 

and that you can interact socially with others. You 

never know where a conversation might lead.

TAKE CARE OF YOURSELF
Don’t sacrifice your mental and physical 

wellbeing for the sake of your work. A healthy 

body helps keep your mind healthy, and you 

may find some of your best ideas come to you 

away from your desk, whether that’s in the 

great outdoors or in the gym. 

The successful 
postdoc’s checklist 
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FEEDBACK was rather surprised, 

on opening a press release entitled 

“Mysterious rock on Mars identified”, 

to discover a new interpretation of a 

“doughnut-like” rock that appeared 

in front of the rover Opportunity. It 

was, we were informed, actually “ 

a discarded bag of… Throat Drops”  

and referred us to “twin scientists” 

who had made the identification.

After a famous web search engine 

could find no trace of said researchers, 

we emailed the manufacturer of the 

throat drops. The company chair 

confirmed that they had issued the 

press release – “written at the behest 

of my 6-year-old twins, budding 

scientists who thought the recent 

rover image looked like [our] bag”.

Feedback has anonymised this 

exchange. We do this not only 

because the other end of the office 

frowns on our succumbing to ploys 

that get free advertising, but to save 

this company chair from parricide 

when the twins spot this item online 

in a few years’ time.

SEARCHING for images of the 
aforementioned throat drops, 

Feedback was disturbed to find 
three instances of them offered 
on auction site eBay as “used”.

PUZZLEMENT over the object 

captured last month by Opportunity’s 

cameras, mentioned above, only 

increases after reading a report that  

a person who news.com.au describes 

as “self-described scientist and author 

Rhawn Joseph” has filed a lawsuit  

(bit.ly/MarsInCourt) in the US District 

Court for the Northern District of 

California. Apparently Joseph is 

“claiming the white rock was a living 

thing” and seeking an order forcing 

NASA to investigate (mentioned on 

8 February, p 7).

Joseph doesn’t mention this, as far 

as we can see, on his own website 

cosmology.com, where he complains 

that “NASA’s Mars rover project 

directors… ignored and refused this 

author’s demands to take close-up 

photos or any photos down into and 

inside the ‘bowl’ of the structure.” 

We’re now trying to get hold of the 

court papers, for more insight into  

this striking approach to independent 

scientific investigation.

SIGNS and portents abound, 
apparently. Peter Scott writes to 
ask whether he is “the only person 
who sees a vaguely demonic cat” 
in the photo of lightning over 
a volcano that accompanied 
our story about researchers 
mimicking the phenomenon in 
the laboratory (4 January, p 14).

Well… on the day the letter 
arrived Feedback could see only 
a volcano and lightning. We 
wondered if a pint of refreshment 
might help. Then the next day 
our head-cold got worse, and 
we could see the cat, too. What it 
portends, beyond sneezing, we 
have no idea.

THE nutritional information on a 

packet of bread mix from Wrights 

startled Richard Lawson by giving 

the energy supplied by 100 grams, 

about two slices, as “987g”.

Assuming that they did mean this 

as a measure of energy in grams,  

and applying the infamous equation  

“E = mc2” to convert mass to energy, 

by Richard’s calculation his breakfast 

should supply 9 x 1016 joules: enough  

to power a tenth of the world  

for the rest of the day.

REPAIRS to footpaths in Margate, 
Tasmania, prompted signs on 
both sides of the road, each saying 
“Pedestrians use other footpath”. 
Martin Greenwood trusts that we 
will agree that “it is fortunate that 
most humans are not entirely 
rational beings”.

Feedback was about to 
contemplate the possibilities 
open to quantum pedestrians 
confronted with these signs, but 
then we opened a message from 
Keith Morgan suggesting that 
such quantum jokes constitute 
“the smallest quantity of 
humour”. So we shan’t.

WE WILL, however, marvel at the 

thoroughness of the authorities in 

Vancouver, Canada. Mark Stoakes 

sends a photo of a sign beside a 

pedestrian crossing. Next to an image 

of a person walking are the words 

“START CROSSING watch for vehicles”. 

A red hand above the word “flashing” 

is labelled “DON’T START finish 

crossing if started” and a steady red 

hand is explained: “DON’T CROSS”.

This seems to be an extreme 

example of North American mistrust 

of ideographic signs. Europeans are 

expected to understand these images 

without explanation – perhaps 

because in many countries the 

alternative is giving written 

instructions in several languages… 

how do they manage in bilingual and 

trilingual parts of Canada?

FINALLY, as is his custom, Ben 
Garrod recently went to buy “my 
weekly hit of all things science” 
from a W. H. Smith shop in 
Cambridge, UK. “When I left the 
store,” he reports, “(after paying,  
I might add), I beeped at the door.” 
After staff had checked through 
various bags, they discovered 
that his copy of New Scientist had 
a pink stick-on security tag on the 
Feedback page.

Staff said all of their New 
Scientist copies are tagged and 
they still frequently “go missing”. 

Ben, being at a loose end, checked: 
the New Scientists, and no other 
magazines, were indeed tagged. 
This leads him to two distressing 
conclusions: first that the 
scientific world is a den of thieves, 
and, worse, that some of us “can 
be out-foxed by a sticker”.

For more feedback, visit newscientist.com/feedback
FEEDBACK

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.

A sign in Sharon Howard’s local shopping centre 

reads “Female Ambulant Toilet”. Should we  

worry whether there is a male one out there,  

or if they walk out together?
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THE LAST WORD

The eyes have it
My 9-year-old daughter has stumped 

me with a question. She asked why 

the shape of eyelids differ in different 

races. She used the example of 

Japanese versus Caucasian people. 

Any thoughts?

■  The shapes of eyelids, along 
with other physical features, 
are the result of evolution – the 
selecting and deselecting of 
various traits through time. 

A mutation, or random 
change, in a gene can result in an 
inheritable physical characteristic 
that can be beneficial, harmful or 
neutral. A beneficial mutation may 
be selected for, so that it spreads 
from parents to children through 
a population in a relatively short 
time in evolutionary terms – as 
little as 50 generations or 1000 
years. A mutation that gives only 
minor benefit may take longer 
to become common, 1000 
generations or 20,000 years.

Harmful mutations would be 
selected against – a euphemistic 
way of saying that the carrier 
would die before reaching 
reproductive age or be less likely 
to pass on the mutated gene to 
future generations.

A neutral mutation, which 
confers no benefit or hindrance, 
is most interesting. It could 
survive in the gene pool, neither 
increasing nor decreasing in 
prevalence in a population. But 
if that population moved to a 
different environment, or the 
environment changed – for 
example, because of climate 

change – then that mutation 
could be selected for and the gene, 
with the trait it confers, would 
become more common.

Some hypothesise that the 
epicanthic fold that causes the 
almond-shaped eyes in east and 
central Asian populations evolved 
to protect the eye from extreme 
weather conditions or high levels 
of ultraviolet light, such as you 
might get on the high Mongolian 
steppes. Whatever the truth of 
this hypothesis, a population’s 
physical features are no fluke. The 
genes that are expressed through 
these features have been tested 
and selected for over thousands 
of generations and this continues.
David Muir
Portobello High School
Edinburgh, UK

■  The epicanthic fold of the 
upper eyelid conceals the inner 
corner of the eye, called the 

medial canthus. It is usually 
accompanied by a lower nose 
bridge and is most prominent 
in women and children. 

It is thought that the fold 
helps to protect the eyes from 
bitterly cold winds, such as 
those blowing across Siberia, 
while the narrow nasal passages 
associated with the lower nose 
bridge would help warm and 
moisten inhaled air before it 

reached the lungs.
This fold also makes it easier 

to narrow the eyes so that the 
eyelashes can act like a veil, 
trapping warmer air near the 
cornea and reducing the intensity 
of light reflected off any ice or 
snow. This may explain why the 

epicanthic fold is seen in north-
east Asia, while migration might 
explain why it has spread to 
South-East Asia.

But the epicanthic fold is also 
observed in disparate groups 
across the globe. In the bushmen 
of southern Africa and 
indigenous Americans, it may 
have afforded protection against 
dust storms: the fold shields the 
lacrimal glands, which produce 
tear fluid to lubricate the eye and 
cleanse it of dust, and nasal hairs 
in narrower nostrils may trap 
more dust.

The trait can also be seen 
among Scandinavians, Sami, Poles 
and Germans, as well as Irish and 
British people, which may be the 
result of migration.
Mike Follows
Sutton Coldfield,  
West Midlands, UK

This week’s 
questions

PUFF POULTRY 
There is no delicate way to ask this, 
but why does eating roast chicken 
make one’s farts smell so bad?
Zak Coolidge
Montana, US

SOIL SECRET 
These small pebble-like fungi (see 
photo) were dug up from the soil 
in the forest here in Nordfjordeid 
on the west coast of Norway. What 
are they?
Leiv Sønderland
Nordfjordeid, Norway

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

sponsored by

“Epicanthic eye folds may 
help protect the eyes from 
bitterly cold winds, like 
those blowing in Siberia”
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