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IN A few weeks, the UK is set  
to decide whether to become  
the first country to allow the 
creation of “three-parent babies”. 
The government’s scientific 
advisers are urging a yes vote,  
but the debate will be bitter and 
divisive. Opponents argue that 
the technology is not ready.  
It now seems they may be right – 
albeit for the wrong reasons. 

The debate concerns a 
technique called mitochondrial 
replacement. Designed to prevent 
diseases caused by mutations  
in the mitochondria – the cell’s 
power packs – it uses donor 
mitochondria to replace the 
mother’s faulty ones. Hence the 
“three-parent” tag: mitochondria 
have their own genome, so the 

Three-parent baby U-turn? 

The sweetener question

The ethical issues are bigger then we thought

child ends up with genes from 
three people.

Proponents argue the name  
is misleading: mitochondria  
and their genomes are purely 
functional, limited to producing 
energy and exerting no influence 
on appearance, personality, 
intelligence or other human 
attributes that we value.

Now it appears that we may 
have seriously underestimated 
the influence that mitochondria 
have. Recent research suggests 
that they play a key role in some 
of the most important features 
of human life (see page 42). This 
raises the ethically troubling 
prospect – once widely dismissed, 
including by this publication 
(23 March 2013, p 3) – that children 

conceived in this way will inherit 
vital traits from three parents.

Up to now, the debate in the UK 
has focused on safety and efficacy. 
These matter, of course. But they 
must now be joined by a serious 
debate about the ethics.

The new findings may not be a 
deal-breaker: the humanitarian 
benefits of mitochondrial 
replacement arguably outweigh 
the ethical concerns. Prospective 
parents may decide that they are 
happy to have a child with some 
traits from a third “parent”.

But the emerging science and 
the issues it raises have not had  
a proper airing. They urgently 
need to be brought to parliament’s 
attention, debated and settled 
before a decision is made.  ■

AS UNINTENDED consequences 
go, this would take some beating. 
Artificial sweeteners, used by 
millions of people as a healthier 
substitute for sugar, may actually 
cause diabetes.

That is the take-home message 
of a study out this week (see page 8) 
that will leave many consumers 
worried and confused – an 
understandable response,  
but also a premature one.

The new study does appear 
to ask serious questions and, if 
its conclusions hold up, health 
authorities will be duty bound 
to act. But we are still a long way 
from that. Although the research 
seems meticulous, the evidence 
comes from mice, plus a couple 
of small studies in humans –  
and different people responded 
differently. It only covers three 
sweeteners – saccharin, sucralose 

and aspartame – and only 
saccharin in detail. Many other 
widely used sweeteners were 
not included.

The cliché “more research 
needed” clearly applies here – as the 
researchers acknowledge. Given 
the public health implications, 
they and others are no doubt 
already on the case.

Admittedly, “more research 
needed” doesn’t add up to helpful 
advice for consumers. At this stage, 
though, it would be irresponsible 
to say anything else.  ■
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LET’S hope it was worth the wait. 
A woman in Japan has received 
the first medical treatment based 
on induced pluripotent stem  
cells, eight years after they  
were discovered.

The iPS cells were made by 
reprogramming skin cells from 
the woman’s arm, then transformed 
into specialised eye cells to treat 
age-related macular degeneration 
(AMD) – a condition that affects 
millions of elderly people 
worldwide and often results  
in blindness. 

Last week, the woman, who is 
in her 70s, had a patch of the cells 
measuring 1.3 × 3 millimetres 
grafted into her eye in a 2-hour 
operation.

She is the first of six people 
lined up for the landmark 
treatment, developed by  
Masayo Takahashi and her 
colleagues at the RIKEN Center  

YOU’VE been buying contraband. 
The commercial plantations  
and food companies that fill  
our supermarkets are the worst 
offenders when it comes to 
illegally cutting down rainforest.

Commercial agriculture is 
responsible for more than 70 per 
cent of tropical deforestation, 
half of which is illegal, says 
forests expert Sam Lawson, 
an independent researcher 
who has analysed local and 
government data from around 
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Stem-cell landmark Supermarket shock

UPFRONT

“ If it goes well, iPS cells 
could be the start of a 
new era in personalised 
medicine”

for Developmental Biology in 
Kobe, Japan. In this pilot study  
to test the safety of putting iPS-
derived cells into humans, the  
six are all receiving a graft of  
new retinal pigment epithelial 
cells, which serve to maintain  
the eye’s light-sensing cells.

Since iPS cells can be made 
from adult tissue samples, the 
technique does not require the 
destruction of embryos, unlike 
stem-cell-based AMD treatments 
that are also being worked on.

“It’s an exciting development, 
and we await the outcome over 
the next year to see how well these 
cells integrate, and if there are  
any potential adverse reactions,” 
says Mike Cheetham of the Institute 
of Ophthalmology at University 
College London, one site where 
research is under way into a 
human embryonic stem-cell 
treatment for AMD. “If it goes well, 
it could be the start of a new era in 
personalised medicine,” he says.

Shinya Yamanaka and his 
colleagues at Kyoto University 
in Japan discovered iPS cells in 
2006. In 2012, Yamanaka was 
awarded the Nobel prize for 
the work.

the world (bit.ly/ForestTrends).
The European Union is the 

biggest importer of commodities 
from illegally deforested lands, 
and is responsible for about a 
third of the deforestation caused 
by internationally traded farm 
products. Importing illegally 
logged timber is banned in both 
the EU and US, but they have  
no similar laws on agricultural 
commodities from illegally 
cleared forests, says Lawson. “This 
unfettered access is undermining 
the efforts of tropical countries to 
enforce their own laws.”

Record Antarctic sea ice
IT JUST gets bigger. The extent of 
the sea ice around Antarctica has 
hit a record high – for the third year 
running. Counter-intuitively, global 
warming is responsible.

Since satellite records began in 
1979, the winter maximum sea ice 
cover around Antarctica has been 
growing at 1.5 per cent per decade. 
This year has long been on track for 
a new annual record, with 150 daily 
records already set.

The record was finally broken on 
15 September and sea ice extent has 
increased since, according to data 
from the US National Snow and Ice 
Data Center analysed by Australia’s 
Bureau of Meteorology in Hobart. 

More sea ice may seem odd in a 
warmer world, but new records are 
expected every few years, says Jan 

Lieser of the Antarctic Climate and 
Ecosystems Cooperative Research 
Centre in Hobart. That’s because the 
southern hemisphere warms more 
slowly than the north, as it has less 
landmass, boosting the winds that 
circle Antarctica and pulling cold air 
onto the sea ice.

The melting of ice on the Antarctic 
mainland may also be creating more 
sea ice, by dumping easily frozen 
fresh water into the ocean, says 
Nerilie Abram of the Australian 
National University in Canberra.

The extra sea ice is a good thing, 
as it reflects sunlight and slows global 
warming. But the sea ice is expected 
to shrink eventually. “By 2100 we will 
see dramatic reductions,” says Lieser. 
“Once it goes belly-up it’s not good for 
the rest of the world.”

–Extra ice in a warmer world–

Site picked for comet touchdown
WHEN it comes to comets, J marks 
the spot. The European Space 
Agency has announced the landing 
site for its Rosetta mission to comet 
67P/Churyumov-Gerasimenko.

The J landing spot – ESA will hold a 
public competition to come up with a 
better name – is on the “head” of the 
comet. It was chosen for having the 
smoothest surface, but that doesn’t 
mean Rosetta’s lander probe, Philae, 
will touch down without incident. 
“There are flat areas but there is also 

rough terrain, there are some cliffs 
and some boulders,” says Stephan 
Ulamec, who is in charge of Philae. 
“It is not an easy task.”

Philae will be released in 
mid-November – the exact date is 
still to be confirmed – and will take 
7 hours to reach the comet’s surface. 
When Philae lands, its first task 
will be snapping a 360-degree 
panorama of the surface, along 
with measurements of the gas 
pressure and dust distribution.
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CHINA is having a clean-up. The 
world’s largest consumer of coal 
has announced radical restrictions 
on the importing and use of the 
stuff, in a bid to curb air pollution. 

Across the country, the 
transport, mining and importing 
of coal with an ash content higher 
than 40 per cent and sulphur 
content higher than 3 per cent  
is banned, effectively ending the 
use of the poorest-quality coal.

Tighter restrictions will also 
apply to coal being transported 
more than 600 kilometres across 
the country. Such coal must now 
be less than 30 per cent ash and 
less than 2 per cent sulphur. The 
most stringent rules apply to coal 
burned in coastal and northern 
cities, where air pollution is at 
its worst. That must now be at 
most 16 per cent ash and 1 per 
cent sulphur.

The announcement will affect 
coal-mining globally. For example, 
China gets about 20 per cent of its 
imported coal from Australia, but 
more than half of what Australia 
sends might not meet the new 
standards. Ian Dunlop, who used 
to chair the Australian Coal 

Association but now campaigns to 
leave coal in the ground, says this 
will force the industry to focus on 
cleaner coal. “The pressure from 
China is undoubtedly going to be 
a very big factor.”

Last month, China banned the 
burning of coal in Beijing’s six 
central districts, with plans to 
extend the ban to the rest of the 
city by 2016.

China rules on coal
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Wee test for HPV
DREAD going for a smear test? A 
simple urine test can pick up the 
human papilloma virus (HPV) 
that can cause cervical cancer. 
Although it’s not as accurate as 
sampling viral DNA from the 

cervix itself, the test might benefit 
women who are too busy or scared 
to have a cervical swab taken. 

Neha Pathak at Barts and 
The London School of Medicine 
and her colleagues combined the 
results of 14 clinical trials of urine 
testing HPV (BMJ, DOI: 10.1136/
bmj.g5264). They compared  
them against a new highly 
accurate cervical DNA test,  
not yet widely available. 

Urine tests could correctly 
identify 87 per cent of HPV 
positive samples, and 94 per 
cent of negative samples.

“We’re not saying that this is 
a direct replacement for cervical 
testing, but it is something that 
could be rolled out a little more 
easily,” Pathak says. 

While there is no data to 
compare urine tests against more 
traditional tests, the approach 
could be useful in developing 
countries where rates of cervical 
cancer are often high, and women 
aren’t routinely screened. 

60 SECONDS

Printing parts in space
The International Space Station is 
getting its first 3D printer. In the 
future, NASA hopes to print tools 
and replacement parts in orbit. But 
first, they need to figure out how  
to make the machine work without 
gravity. The printer is set to launch 
later this week – no word yet on what 
the astronauts plan to make first. 

Martian foothills
The Mars rover Curiosity has finally 
reached the base of Mount Sharp, 
the mountain it has been driving 
towards since it landed on the Red 
Planet in August 2012. Over the rest 
of the mission, the rover will drill 
rocks in search of chemistry that 
could preserve organics, while 
driving gingerly through the hills  
to spare its damaged wheels.

Atmospheric healing
The hole in the ozone layer is closing 
up. Thanks to the 1987 Montreal 
Protocol, which clamped down  
on the use of ozone-destroying 
chemicals like CFCs, the layer is on 
course to recover in the next few 
decades, according to the UN 
Environment Programme.

Geriatric desert
The Sahara desert is twice as old as 
we thought. It was believed to have 
dried out between 2 and 3 million 
years ago, but there are preserved 
sand dunes dating from between 
6 and 7 million years ago. Now a 
model suggests that the drying was 
due to the African summer monsoon 
weakening 6 million years ago when 
an ancient sea shrank (Nature, DOI: 
10.1038/nature13705).

Minecraft sells up
It’s a lot of money for some digital 
bricks. Microsoft has agreed to 
buy cult video game Minecraft 
and the studio behind it, Mojang, 
for $2.5 billion. Minecraft lets 
players create almost anything out 
of bricks in a pixelated, open-ended 
virtual world. It has sold more than 
54 million copies. 

“The urine test could be 
useful in developing 
countries where cervical 
cancer rates can be high”
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–Aim for the smooth bit–

–No more cheap stuff, please–

HERE’S some good news. The 
proportion and number of people 
without enough to eat is falling 
rapidly, says the UN Food and 
Agriculture Organization (FAO).

Since 1990, the number of 
people who are chronically 
undernourished has fallen by 
209 million to 805 million. And 
the fraction of the population  
that this affects has dropped from 
18.7 to 11.3 per cent. The fraction in 
developing countries has almost 
halved, from 23.4 to 13.5 per cent.

“This is proof that we can win 
the war against hunger,” says the 
report, released on 16 September. 

Places like Latin America and 
China have made rapid progress. 
But Asia has 526 million people 
who are chronically hungry, and 
hunger affects a quarter of people 
in sub-Saharan Africa. Economic 
growth is “probably the key” to 
ending hunger there, says Jomo 
Kwame Sundaram of the FAO.

Hunger in retreat

“Pressure from China is 
undoubtedly going to be a 
big factor in forcing the 
mining industry to refocus”
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Helen Thomson

ARTIFICIAL sweeteners can  
cause glucose intolerance in  
mice, and perhaps in humans, by 
altering gut bacteria, a series of 
experiments suggests. Although 
artificial sweeteners – among the 
world’s most widely used food 
additives – are approved by most 
food regulation agencies as safe 
for humans, the researchers who 
led the work suggest that their  
use should be reassessed.

“The most shocking result is 
that the use of sweeteners aimed 
at preventing diabetes might 
actually be contributing to and 
possibly driving the epidemic 
that it aims to prevent,” says Eran 
Elinav at the Weizmann Institute 
of Science in Rehovot, Israel, who 
co-supervised the work with his 
colleague Eran Segal. 

Industry bodies are adamant 
that this is not the case. “Decades 
of clinical research shows that 
low-calorie sweeteners have  
been found to aid weight-control 
when part of an overall healthy 
diet, and assist with diabetes 
management,” says Gavin 
Partington of the British Soft 
Drinks Association. 

Non-caloric artificial sweeteners 
are synthetic alternatives to sugar 
that can taste up to 20,000 times 
sweeter. They provide no calories 
because we cannot digest them. 
They are found in many common 
foods such as diet sodas, cereals 
and sugar-free desserts, and often 
form part of recommended diets 
for people with type 2 diabetes.

For decades, sweeteners have 
been subject to intense scrutiny, 
after some studies suggested they 
may be bad for our health. This 

has led to several reassessments 
of safety by regulatory agencies. 
However, the US Food and 
Drug Administration says that, 
currently, “all approved high-
intensity sweeteners have been 
thoroughly studied and have a 
reasonable certainty of no harm 
to consumers under their 

approved conditions of use”.
Nevertheless, Segal and Elinav 

were concerned that some studies 
have shown a link between the 
use of sweeteners and a tendency 
towards weight gain and diabetes. 
To probe for a causal link, their 
teams carried out a series of 
experiments. They began by 
adding one of three commonly 
used sweeteners – saccharin, 
sucralose or aspartame – to the 
drinking water of healthy young 
mice. The dose of sweetener was 
the equivalent to the maximum 

acceptable daily intake in humans, 
as set by the FDA. The mice drinking 
sweeteners – which are made up 
of 5 per cent active ingredient and 
the rest glucose – were compared 
with mice drinking plain water  
or water supplemented only  
with glucose. 

After 11 weeks, the researchers 
tested all the rodents’ glucose 
tolerance by giving them a high-
glucose drink and taking regular 
blood samples. Under normal 
conditions, the blood tests should 
show an initial spike in glucose, 
followed by a decline as the body 
secretes the insulin in response. 
Insulin instructs cells to use the 
extra glucose for energy or turn 
it into fat. Glucose intolerance 
occurs when this process becomes 
inefficient, and is strongly 
associated with type 2 diabetes. 

The blood-glucose levels of the 
mice consuming the sweeteners 
spiked at a higher level than all 
the control groups and also took 
longer to drop back down to 
normal. “They showed significant 
glucose intolerance,” says Segal, 
“at levels comparable to a 
metabolic disease.” 

Segal says most artificial 
sweeteners pass through the 
gastrointestinal tract without 
being digested. This means that 
when they get to our intestine, 
they directly encounter our gut 
bacteria. Because what we eat can 
shift this bacterial make-up, the 
researchers wondered whether 
the glucose intolerance might  
be caused by a change in the 
bacterial composition. 

A second test, with saccharin, 
confirmed this. Wiping out the 
rodents’ gut bacteria using 
antibiotics abolished all the  

effects of glucose intolerance in 
the mice. In other words, no 
bacteria, no problem regulating 
glucose levels.

Further experiments supported 
this conclusion. For example, 
when the researchers transferred 
the gut bacteria of mice who had 
consumed saccharin into mice 
whose guts were bacteria-free, it 
caused these previously healthy 
mice to become glucose intolerant. 
Similar transplants from mice 
drinking glucose-enriched water 
had no negative effects on health.

So what was going on? When 
the team analysed the gut bacteria 
present before and after the 
experiments, they saw an 
increase in several different 
types of bacteria in the mice  
that consumed sweeteners. Segal 

THIS WEEK

Sweeteners linked 
to glucose intolerance
World’s most popular food additives are back in the spotlight
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“ Most artificial sweeteners 
cannot be digested, so 
they directly encounter 
our gut bacteria”

-Synthetic alternative
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says these bacteria have already 
been linked with obesity in 
humans in previous studies.

Human effect
But can the results in mice be 
extrapolated to humans? To 
find out, the team examined data 
from 381 people. They found an 
association between glucose 
intolerance and general sweetener 
use. “But you could argue that 
maybe these people first gained 
weight and started getting aspects 
of metabolic disease, such as 
glucose intolerance, and then 
started consuming the artificial 
sweeteners to counteract that,” 
says Elinav. 

To explore this, the team asked 
seven healthy people who don’t 

In this section
■  Go green for the money, page 8
■  Quantum internet keeps spies at bay, page 12
■  The future of drones in the US, page 19

the team took stools from 
two responders and two non-
responders and transplanted 
them into sterile mice. Only the 
mice that received gut bacteria 
from responders became glucose 
intolerant (Nature, DOI: 10.1038/
nature13793).

Segal says that the global rise  
in sweetener consumption – 
along with other major shifts  
in human nutrition – coincided 
with the dramatic increase in 
obesity and diabetes epidemics 
around the world. He also 
suggests that sweeteners may 
have directly contributed to the 
exact epidemic that they were 
created to fight. 

Ailbhe Fallon, a representative 
for Ajinomoto Sweeteners 
Europe, one of the world’s largest 

normally consume sweeteners 
to eat the FDA’s maximum daily 
allowance of saccharin. For a 
person weighing 68 kilograms, 
this would equate to three to four 
sachets of sweetener taken three 
times per day.

By day five, four of the seven 
people had a significant decrease 
in their glucose tolerance, while 
three saw no change. Sequencing 
showed that those who responded 
to the sweetener started out  
with different gut bacteria to 
those who didn’t respond. What’s 
more, the gut bacteria of the four 
responders changed significantly 
after consuming sweeteners, 
while the non-responders’  
barely changed.

To further show that bacterial 
changes were playing a role, 

–How do you take your tea?–

manufacturers of aspartame, 
rejects this conclusion. The body 
of science does not support the 
opinion of the authors, Fallon says.

“We are by no means thinking 
that based on this study we could 
deduce direct recommendations 
for artificial-sweetener 
consumption,” says Elinav.  
“We want to be very cautious 
about that. But the fact that we 
could induce glucose intolerance 
at a level that corresponds to a 
metabolic disease in five days 
should at the very least be a call 
for government agencies to 
reassess the unsupervised use 
of artificial sweeteners.”

Food for thought
A spokesperson for the European 
Food Safety Authority says that 
the agency will consider in due 
course whether the paper should 
be brought to the attention of its 
review panel of experts, as with all 
newly published studies related 
to its work. They point out that  
a panel of experts considered  
the issue of whether aspartame 
modulates blood sugar levels in 
humans in 2013 and concluded 
that the hypothesis would merit 
further investigation. 

“This is a really important 
paper,” says Susan Swithers at 
Purdue University, West Lafayette, 
Indiana. “It’s always a concern to 
make a direct extrapolation to 
humans, but they provide a small 
amount of evidence that the same 
effect happens in humans, and 
then put the results back into 
animals – that was clever.”

Naveed Sattar at the University 
of Glasgow, UK, is more cautious, 
saying that animal data does not 
always reflect what’s going on in 
people. “Current epidemiological 
data in humans do not support 
a meaningful link between diet 
drinks and risk for diabetes, 
whereas sugar-rich beverages 
do appear to be associated  
with higher diabetes risk.  
These findings wouldn’t make  
me choose sugary drinks over  
diet drinks.”  ■
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IS IT too good to be true? This week 
economists laid out an audacious 
argument for transforming the 
world’s economy to a low-carbon 
one. It is worth doing regardless 
of climate change, their report 
claims. A low-carbon economy 
offers faster economic growth, 
better lives and a greener 
environment. Forget the  
costs, feel the benefits.

Better Growth, Better Climate: 
The New Climate Economy Report 
comes a week before world leaders 
gather for the United Nations 
Climate Summit 2014 in New York 
City. They will discuss sharing the 
cost of fighting climate change. 
But the new message is that there 
is no cost to share: nations should 
cut emissions out of self-interest.

The publication comes from 
the Global Commission on 
the Economy and Climate, an 
independent body chaired by 
Felipe Calderón, former president 
of Mexico, and Nicholas Stern of 

the London School of Economics. 
A 2006 report by Stern kick-started 
debate about the economics of 
tackling climate change. “We can 
combine economic growth and 
climate responsibility,” Stern says.

The next 15 years are critical to 
preventing global warming above 
2 °C, says Calderón, because after 
2030 it may be too late. In that 
time the global economy will 
double in size, and we will invest 
$90 trillion or so in infrastructure 
like big cities, farms and energy 
systems. These are the areas the 
report examines.

If the world spends wisely on 
reducing emissions, the climate 
problem could be largely cracked 
and economic growth would be 
higher than in a high-carbon 
world. But delay is dangerous. 
Every tonne more carbon dioxide 
in the air, and every new coal-fired 
power station built, will make 
it “more expensive and more 
difficult to shift to a low-carbon 
economy”, says Calderón.

Building sprawling cities would 

be bad all round, creating lousy 
places to live and work, gridlock, 
smog and high carbon emissions. 
But compact cities, with mass 
public transport and cleaner 
power, would be healthier,  
more economically dynamic  
and cost-effective. Commuting 
costs would drop by 50 per cent.

Feeding another billion people 
without cutting down the tropical 
forests needs smart farms. It also 
means using the huge areas of 
farmland ruined by overgrazing, 
soil erosion and salt pollution. 
“Restoring just 12 per cent of 
the degraded land could feed 
200 million people,” says report 
co-author Jeremy Oppenheim, 
a London-based economist for 
McKinsey & Company. Protecting 
trees also locks down their carbon.

Energy is already changing. Half 
of all new electricity generating 
capacity is now renewable, and the 
price of solar power has fallen 90 
per cent in less than a decade, the 

report claims. “It can outcompete 
coal,” says Oppenheim. Banishing 
coal is a no-brainer, say the authors. 
Alone, the health costs of smog 
from fossil fuels cuts national 
GDP by 4 per cent.

Some people will scoff. Stern 
has been accused in the past of 
exaggerating the cost of climate 
change. Critics may pick up on the 
report’s admission that switching 
to a low-carbon future will up the 
cost of infrastructure investment 
by 5 per cent over 15 years, and 
“some jobs will be lost”.

But such costs will be swamped 
by better health and economic 
efficiency, the report claims. 
“There is now huge scope for 
action which can both enhance 
growth and reduce climate risk.”

Some other analysts agree. A 
report last week from UK-based 
Cambridge Econometrics forecast 
that a cut of 60 per cent in UK 
carbon emissions would deliver, 

by 2030, GDP 1.1 per cent higher 
than sticking with the status quo.

If markets had perfect foresight, 
the low-carbon switch would just 
happen. Investors would go green 
to maximise returns. But markets 
don’t work perfectly, says Stern. 
They are rigged by subsidies for 
fossil fuels that the International 
Energy Agency says are worth 
nearly $550 billion a year (see 
chart) – more than five times 
the subsidy for renewables.

Only governments can level this 
playing field. They must also make 
sure that the hidden costs of fossil 
fuels, like surging health bills, are 
reflected in energy prices.

Finally, if governments agreed 
on a strong climate treaty, legally 
limiting national emissions, that 
would set the tone for making 
the changes happen. But, says 
Oppenheim: “It’s not essential. 
All the things we propose are 
in the economic interests of 
countries on their own terms.”  ■

Go low-carbon, but 
do it for the money
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–Pays for itself–

Global subsidies
In 2012 fossil fuel subsidies far 
outweighed those for renewables
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“If the world spends wisely, 
the climate problem could 
be cracked and economic 
growth would be higher”
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TROUBLE below may not mean trouble 
above. While Russia’s relationship  
with the rest of the world has been 
rocky since it annexed Crimea from 
Ukraine in the spring, experts say the 
International Space Station, at least, 
may be untouched. 

Space is hardly the most pressing 

consequence of Russia’s actions in 
Crimea, which most recently saw 
Ukraine grant self-rule to regions 
controlled by pro-Russian rebels. 

In the US, however, the dispute 
raises spectres of the Cold War. Some 
fear that the rift is bad news for shared 
space projects, particularly the ISS as 

the US relies on the Russian Soyuz 
vehicle to get its astronauts there.

Last week saw rumours that 
Russia was raising the stakes: a press 
official from the Russian space agency, 
Roscosmos, mentioned that a vital 
training facility, where astronauts 
learn splashdown survival skills, 
might be relocated to Sevastopol in 
Crimea. The move would put NASA in 
a tight spot: if it allows its astronauts 
to travel to the city, it might imply US 
acceptance that the region belongs to 
Russia. If not, they couldn’t go to space. 

But astronauts have little to fear 
from such conjectures, says Scott Pace, 
director of the Space Policy Institute at 
George Washington University. When it 
comes to shared space projects, the US 
and Russia are too codependent to use 
them as bargaining chips. “They’re as 
mutually dependent on us as we  
are on them,” says Pace. 

Each country supplies vital services 
to the space station: Russia provides 
the propulsion system and owns  
the vehicles that ferry astronauts to 
and fro, but NASA is responsible for 
powering the station and manages 
many of the daily activities and 
experiments. Neither is capable  
of running the ISS on its own.

Even in a worst-case scenario 
where the two nations’ relationship 
completely fell apart, Russia probably 
wouldn’t strand US astronauts in  
orbit, says Pace. Meanwhile, NASA  
is now in the final stages of a long-
term project to help commercial 
companies provide crewed launches  
to the ISS.

“The partnership is going to  
endure as long as we have diplomatic 
relations,” he says. “The fact that 
people continue to talk about  
potential ways the ISS might be put 
under pressure or taken hostage is  
a sign of the symbolic power that  
the station has.”  Aviva Rutkin  ■

ISS is safe from 
US-Russia squabbles

INSIGHT Space politics
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–It’s OK, we can still be friends–

“You only have to make this 
very first step – some 
crappy replicator – then 
evolution can work with it”

EARLY life had good luck. The odds  
of a living organism spontaneously 
forming in a sea of molecules seem 
impossibly low, but a mathematical 
analysis now shows how to weight the 
dice just enough to get life started – 
then let evolution do the rest.

One way to define “life” is as  
a system that fights against the 
universal increase in entropy, a 
measure of disorder in systems. 
All known life has parts that make 
copies of themselves, and this 
ability to self-replicate is a way  

Chances of first 
life improved by 
weighted dice

of fighting disorder by maintaining 
information over time. 

Christoph Adami of Michigan State 
University in East Lansing decided  
to study the origin of life purely in 
terms of information theory, so he 
could ignore the chemistry involved. 
He assumed that molecules must 
exceed a certain length in order  
to have enough information to 
self-replicate. These long molecules 
are made from different kinds of  
short molecules, called monomers.

Adami calculates that if you start 
with an equal number of each type  
of monomer, the odds of getting a 
self-replicating molecule are very low. 
But if you adjust the distribution of 
monomers in the environment to 
match the distribution within a 

potential self-replicator, the chances 
improve by many orders of magnitude 
(arxiv.org/abs/1409.0590). It’s a  
bit like hammering randomly on  
a keyboard on which the most 
frequently used letters are 
proportionally larger – your odds  
of accidentally typing a word are  
much better than the famous infinite 
monkeys banging on typewriters.

Once a self-replicator emerges at 
random, evolution can start improving 
its abilities. “You only have to make 
this very first step, where you are 
getting some crappy replicator,” says 

Adami. “The moment evolution can 
actually work with it, you’re done.”

We have no idea what the 
distribution of monomers was like 
on early Earth, but Adami says studies 
show meteorites contain an unequal 
distribution of monomers approaching 
what you might need for life. “It is not 
impossible that basic self-replicators 
cooked up on some meteor and ended 
up contaminating Earth.”

“The fundamental puzzle of the 
origin of life is not the origin of the 
hardware, but is the origin of the 
software,” says astrobiologist Chris 
McKay of NASA’s Ames Research 
Center in Moffett Field. Loading the 
monomer dice seems like a good way 
to get a self-replicator, he says. “This 
makes intuitive sense.”  Jacob Aron  ■
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QUANTUM networks are quietly 
spreading across the world. With 
secure quantum connections 
linking up cities, people can 
communicate in the knowledge 
that the laws of physics will 
prevent eavesdropping. 
Eventually, there may even  
be a global quantum internet.

When former US National 
Security Agency contractor 
Edward Snowden uncovered the 
extent of government spying,  
that underlined the need for  
more secure communications, 
says Don Hayford of Battelle,  
a research organisation in 
Columbus, Ohio. “Even before 
Snowden we decided there were 

things coming up in the future 
that meant people should start 
looking at something better.”

That something is called 
quantum key distribution (QKD). 
The technique transmits photons 
in particular quantum states to 
generate a secure cryptographic 
key, with which you can encrypt 
data sent over an ordinary, non-
quantum connection. QKD is  
far more secure than standard 
cryptography, which relies on 
hard mathematical problems that 
can theoretically be cracked, given 
enough computing power. Any 
attempt to intercept a quantum 
key, however, will disturb the 
photon’s quantum states, alerting 
users not to use the key (see 
“Unbeatable security”, right).

Since December, Battelle has 
operated a quantum link between 
its Columbus headquarters  
and manufacturing offices 
62 kilometres away in Dublin, 
Ohio – the first commercial link  
of its kind in the US. They are 
working with ID Quantique in 
Geneva, Switzerland, which sells 
QKD technology and helped to 
keep the results of a 2007 Swiss 
election secure. 

Now, Battelle has announced 
plans to use an existing fibre-
optic network running through 
Dublin to test a larger quantum 
network. The long-term aim is  
to link up with their offices in 
Washington DC, more than 
650 kilometres away. 

Researchers in China are also 
linking up cities. A group led by 

Shuang Wang of the University  
of Science and Technology of 
China in Hefei has just released 
details of the first experimental 
wide-area QKD network, which 
ran from December 2011 to July  
2012 (arxiv.org/abs/1409.1568). 
The network connected five 
computers or nodes in Hefei to 
three more in Wuhu, 150 kilometres 
away, via another in a third city, 
Chaohu. “From the coverage area 
point of view, it is the largest 
quantum network built to date,” 
says Wang.

A 2000-kilometre link between 
Beijing and Shanghai is due for 
completion by 2016. The Chinese 
government is already using  
QKD to protect its secrets, 
including discussions during  
the 18th National Congress in  
2012 as new leaders took over  
the ruling party .

Building such an extensive 
QKD network was not without 
problems, however. Local 
roadworks severed a fibre in  
Wuhu three times while Wang’s 
network was active, and a power 
outage at a Hefei node split the 
network in half just 10 days into 
the project. Another Hefei node 
had to be placed in a makeshift 
kitchen – the only space with 
access to the necessary optical 
fibre link. The large temperature 
variations in the kitchen weren’t 
necessarily a bad thing, says 
Wang. “This harsh environment 
also provided us with a chance  
to test the robustness of the  
QKD devices.”

Long-range networks come at a 
cost. The performance of Wang’s 
network declined as the distance 
between the nodes increased. 
While two nodes in Hefei were 
able to conduct secure, real-time 
voice transmission, Hefei-to-
Wuhu links could only send  
new keys three times a second. 

One possible solution involves  
a device called a quantum 
repeater. At the moment, 
extending a quantum link  
beyond 100 kilometres or so 
requires a trusted node to sit 
between the two parties and 

Quantum internet 
to keep spies at bay
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“Any attempt to intercept 
the key will disturb the 
quantum states, alerting 
users not to use the key”

–You can’t hack it–

THIS WEEK
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Unbeatable security
How quantum keys will keep 
messages safe

1. To distribute a secret key, Alice 
sends Bob a random sequence of bits 
represented by photons polarised in 
one of four states

2. Bob has two detectors which he 
uses randomly. One detects             , the 
other detects           , meaning he only 
detects some of these photons 
correctly. Alice confirms which bits 
match her initial choices

3. They then discard the incorrect ones  
and use the remaining bits as their 
secret key

4. This is used to encrypt a message 
sent over a non-quantum channel, 
such as the internet
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are talking to someone. Snowden 
told the world that the NSA 
gathers “metadata” like the time, 
location and parties involved in  
a conversation, from spying on 
optic cables. This enables the 
agency to glean information 
about people without ever 
reading their messages.

Following the Snowden leak, 
Guha and colleagues decided to 
look into the metadata problem.  
It turns out it is possible to send  
a small amount of data without 
anyone else realising, providing 
you disguise the message in a 
quantum link’s inherent noise 
(arxiv.org/abs/1404.7347). The 
idea has only been tested on  
a small scale in the lab, but as 
quantum networks roll out across 
the globe, perhaps it will provide 
the ultimate way to send covert 
messages. “This is one step  
higher security than secure 
communication,” says Guha.  ■

establish a link with each of  
them. Each user has a secure 
quantum connection with this 
node, but they aren’t able to 
communicate directly because 
the laws of quantum mechanics 
prevent the trusted node from 
copying a state to relay it.  
A quantum repeater would  
solve this problem by linking 
states over long distance using  
a property called entanglement, 
but entanglement is fragile  
and no one has yet built a 
successful repeater.

Quantum repeater
Eventually though, Hayford  
says repeaters could bring QKD  
to ordinary internet users. You 
won’t have a direct optical fibre 
link to your home, but will instead 
visit a kind of quantum post office 
that is plugged in to the network. 
There, you’ll pick up a memory 

For daily news stories, visit newscientist.com/news

stick filled with quantum codes  
to use with Google, Amazon and 
other internet companies on your 
home PC or smartphone. Such 
quantum keys  could even travel 
via the undersea cables that the 
internet uses today – though 
installing repeaters at the bottom 
of the Atlantic will be a challenge, 
says Saikat Guha of BBN 
Technologies in Cambridge, 
Massachusetts. 

Anyone who has been forced  
to change their password after  
an online leak might be sceptical 
that QKD can deliver totally secure 
communications. Researchers 
have already shows that it is 
possible to hack QKD systems, but 
this was due to flaws in hardware.  
Hayford says Battelle is working 
with hacking researchers to fix 
such problems. “It’s something 
that we continually address.”

Even with a perfect system, 
QKD can’t hide the fact that you 
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THERE’S something primal in a 
mother’s response to a crying 
infant. So primal, in fact, that 
mother deer will rush protectively 
to the distress calls of other 
infant mammals, such as fur 
seals, marmots and even humans. 
This suggests such calls might 
share common elements – and 
perhaps that these animals 
experience similar emotions.

Researchers – and, indeed, all 
pet owners – know that humans 
respond emotionally to the 
distress cries of their domestic 
animals, and there is some 
evidence that dogs also respond 
to human cries. However, most 
people have assumed this is a  
by-product of domestication. 

However, Susan Lingle, a 
biologist at the University of 
Winnipeg, Canada, noticed that 
the infants of many mammal 
species have similar distress  
calls:  simple sounds with few 
changes in pitch. She decided  
to test whether cross-species 
responses occur more widely 
across the evolutionary tree.

So, Lingle and her colleague 
Tobias Riede, now at Midwestern 

University in Glendale, Arizona, 
recorded the calls made by  
infants from a variety of mammal 
species when separated from their 
mother or otherwise threatened. 
They then played the recordings 
through hidden speakers to  
wild mule deer (Odocoileus 
hemionus) out on the Canadian 

prairies. They found that deer 
mothers quickly moved towards 
the recordings of infant deer,  
but also towards those of infant 
fur seals, dogs, cats and humans, 
all of which call at roughly the 
same pitch. Even the ultrasonic 
calls of infant bats attracted  
the deer mothers if Lingle used 
software to lower their pitch  
to match that of deer calls. In 
contrast, they found the deer did 
not respond to non-infant calls 
such as birdsong or the bark of  
a coyote (American Naturalist, 
DOI: 10.1086/677677). 

This implies that infant distress 
calls share some common element 
across a range of mammals – 
some of them separated by over 
90 million years of evolution – 
and that many mammalian 
mothers are attuned to that 

common element, says Lingle. 
They are likely to have evolved  
to respond quickly, rather than 
carefully, to situations that 
threaten their offspring, she 
speculates. “These are calls that 
are generally made in a life-or-
death situation,” she says. “I think 
the advantage of securing survival 
for your offspring outweighs the 
potential for error.”

Lingle and Riede’s study is  
one of the first to show that wild 
mammals respond instinctively 
to the calls of other species, says 
Jaak Panksepp, a neuroscientist  
at Washington State University  
in Pullman. “They’re showing  
that these deer can perceive the 
emotional content of another 
animal’s separation call,” he  
says. The work supports the idea 
that certain acoustic elements  
are associated with particular 
emotions across species, 
suggesting that different  
animals may experience  
similar emotional states.  ■

Baby mammals 
share the same cry
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“Speech depends on the 
motion of the tongue and 
lips becoming automatic. 
FOXP2 could have helped” 

–Cries like a deer–

SHOULD the “language gene” be 
renamed the “learning gene”? 

The FOXP2 gene is thought to have 
played a role in the evolution of the 
human brain and the development 
of language. It was discovered in the 
1990s in a British family, some of 
whom have severe speech difficulties 
caused by a mutation in this gene. 

The family’s mutation is rare, but 

Human speech 
gene makes 
mice smarter

there have been two other mutations 
since the evolutionary split between 
humans and chimpanzees that are 
thought to have a hand in our superior 
vocal abilities. 

Genetically modifying mice to have 
the human version of the gene alters 
brain circuits involved in learning. But 
it has been unclear what effect this 
has on behaviour or intelligence.

To find out, Ann Graybiel of 
the Massachusetts Institute of 
Technology tested the mice using a 
cross or T-shaped maze containing a 
food reward. The maze could be altered 
to test unconscious and conscious 

learning processes. Sometimes food 
was placed so that the animals always 
had to turn in the same direction to 
find it – automatic learning. At other 
times, food was put into different 
arms of the maze but with visual cues 
to show its hiding place, which, in 
humans, requires conscious thought. 

Modified mice learned to find food 
faster than normal mice – eight days 
compared with 12 days – if the maze 

was set up to enable both types of 
learning (PNAS, doi.org/vqc). This 
suggests they were going from 
conscious behaviour  – going by  
visual cues – to following the learned 
route automatically, says Graybiel. 

So how does this relate to the 
evolution of language? Speech is 
often seen as needing a leap in 
conscious thought-processing 
abilities, but it is also dependent 
on complex movements of the lips 
and tongue becoming automatic. 
FOXP2 could have aided this transition 
when early humans first started to 
talk, she says.  Clare Wilson  ■

“Deer mothers quickly 
moved towards the 
recordings of infant deer, 
seals, cats and humans” 
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A NEW kind of laser that powers 
up by freezing light in its tracks 
could lead to computers that run 
on photons, instead of electrons.

Researchers already have ways 
to slow light down and even stop 
it completely. Now Ortwin Hess at 
Imperial College London and his 
colleagues say that this principle 
could be used to shrink lasers. 
Ordinary lasers work by bouncing 
light between two mirrors, so 

photons of a certain wavelength 
accumulate. But these devices 
can’t be made very small.

A stopped-light laser would be 
different, says Hess. It consists of 
an electrically insulating material 
sandwiched between two metals. 
Pulses of light travelling in one 
direction through the insulator 
reverse direction as they enter 
the metal, trapping the light in 
a vortex. “It’s like if you walk up 

a hill made from sand, every step 
you take forward, the sand takes 
you a step backwards,” says Hess.

Simulations show that energy 
builds up in the vortex for around 
10 trillionths of a second before  
it breaks free in a coherent beam 
of light, just like a laser (Nature 
Communications, DOI: 10.1038/
ncomm5972). The team is trying 
to build one, which may turn out 
to be small enough for optical 
computing – other lasers are too 
bulky for nanoscale circuits.
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Leaky drilling wells are not 
helping fracking’s reputation

THE act of fracking is probably not contaminating US 
drinking water – the real problem is leaky wells drilled to 
bring the gas the surface. Or so new research suggests.

Fracking uses pressurised fluid to crack shale rocks, 
releasing natural gas. Its opponents are concerned that 
this and other, more toxic pollutants might be seeping up 
from fracking sites far below ground and contaminating 
water supplies. They say methane and other hydrocarbons 
in drinking water wells near fracking areas are a sign of this.

Thomas Darrah of Ohio State University in Columbus 
and his team sampled drinking water wells in heavily 

fracked areas of Pennsylvania and Texas. Eight areas 
were becoming more contaminated with hydrocarbons.

To find the origin of this gas mixture, which also 
contained noble gases, Darrah analysed its constituent 
chemicals. Because different noble gases move at 
various speeds through rock and water, the proportions 
present revealed that although the gases had come from 
deep underground, they had arrived directly rather than 
percolating through layers of rock and water (PNAS, DOI: 
10.1073/pnas.1322107111). “This implies they came 
through a pipe… from a leaky pipeline,” says Darrah. 

Since these gases are leaking as they are piped to the 
surface, rather than seeping up through the ground from 
deep fracking sites, improving the integrity of drill holes 
and pipelines could curb the problem of water pollution.

Lasers slim down on stopped-light diet

Extra brain power 
may beat plaques

BOOSTED brain activity may 
explain why some people who 
have the brain plaques associated 
with Alzheimer’s disease show 
no symptoms.

William Jagust at the University 
of California, Berkeley, and his 
colleagues used fMRI to measure 
changes in blood flow in the brain 
while people tried to memorise  
a photograph. They discovered 
that older people who have 
plaques but no symptoms of 
Alzheimer’s had increased blood 
flow – which means stronger 
activation – in regions of the 
brain that are associated with 
memory formation, compared 
with older people who didn’t 
have plaques (Nature 
Neuroscience, doi.org/vn7).

The more of this extra activity 
people showed, the more accurately 
they could remember the picture 
when tested later. “We interpret 
this as a compensation or 
plasticity,” says Jagust.

Urban wasteland 
worth millions

WASTE space in cities isn’t a 
waste of space. The abandoned 
land in a single city can be worth 
millions of dollars in terms of the 
“ecosystem services” it provides, 
such as clean drinking water and 
removing carbon dioxide from 
the air. 

Gunwoo Kim and Patrick Miller 
of Virginia Tech in Blacksburg 
calculated the value of vacant land 
in the city of Roanoke, Virginia. 
They found that its trees hold 
107,000 tonnes of carbon, valued 
at $7.65 million, and remove 
23,000 tonnes of carbon and 
91 tonnes of pollution every year – 
adding $164,000 and $916,000 to 
their annual worth. Kim presented 
the findings at the Ecological 
Society of America meeting in 
Sacramento, California, in August.

IN BRIEF
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Sleeping brains 
can classify words

TALKING in your sleep is annoying, 
but listening may yet prove useful. 
It seems sleeping brains not only 
recognise words, but can also 
categorise them and respond in a 
predefined way. This could one day 
help us to learn more efficiently.

A team led by Sid Kouider at the 
Ecole Normale Supérieur in Paris, 
France, asked 18 volunteers to 
classify spoken words as either 
animal or object by pressing buttons 
with their right or left hand. Brain 
activity was recorded using EEG, 
allowing the team to see the spikes 
in activity that show the volunteers 
were preparing to move a hand. 

Once the process had become 
automatic, the volunteers were 
asked to continue the task as they 
drifted off to sleep. The team 
presented them with a new set of 
words as they slept. Their brains 
continued to prepare to make the 
movement appropriate to each 
word’s category – even though they 
were no longer moving their hands. 
Kouider suggests that the task  
had been automated in a way that 
bypasses the prefrontal cortex, 
an area suppressed during sleep. 

On waking, the volunteers were 
unable to recall any of the new 
words, but Kouider is now looking 
at whether the approach can be 
extended so that new information 
is retained (Current Biology,  
doi.org/vm2).

Giant dinosaur was swimming hunter

IT ATE whole sharks and had feet like 
paddles. Spinosaurus, the largest 
known predatory dinosaur, spent 
much of its time swimming.

“This is the first and only dinosaur 
we know of that has clear and 
unmistakable adaptations for a 
semi-aquatic lifestyle,” says Nizar 
Ibrahim at the University of Chicago.

Spinosaurus grew to 15 metres 
long, longer than Tyrannosaurus rex. 
Many Spinosaurus fossils were 
destroyed in the second world war, 
but Ibrahim’s team found new ones.

The bones reveal that Spinosaurus 
had paddle-like feet similar to water 

birds. Its leg bones were dense, 
weighing down its rear and helping 
to hold its body horizontal in water, 
in the style of whales and penguins. 
It could also close its nostrils under 
water (Science, doi.org/vmw).

Spinosaurus was thought to 
have hunted by standing in shallow 
water waiting for prey. “Previous 
interpretations have looked at 
Spinosaurus as something akin to a 
13-metre-long great blue heron with 
a bad attitude,” says Ken Lacovara of 
Drexel University in Philadelphia, 
Pennsylvania. It now seems it was 
more like a crocodile.

IT WAS the gripping soap opera 
of particle physics, but the first 
season ends in an anticlimax. The 
Higgs boson’s decay into pairs of 
photons – the strongest but most 
confusing clue to the particle’s 
existence – is looking utterly 
normal after all.

Experiments infer the Higgs 
boson’s existence by looking at 
the particles left behind when it 
decays. One way it made itself 
known two years ago at CERN’s 
Large Hadron Collider (LHC) near 
Geneva, Switzerland, was by 
decaying into pairs of photons. 

In fact, it decayed so prolifically 
that physicists considered it a 
“deviant decay” – a possible 
window into exciting new physics.

But over the past year, physicists 
at CERN have found that the Higgs 
boson is acting exactly as the still-
incomplete standard model of 
particle physics predicts, leaving 
us with no clues about how to 
extend the model. 

Now, in an anticlimactic 
summary on the two-photon 
decay, both big experiments  
at the LHC have posted results 
confirming that the photons are, 

despite much hope, doing exactly 
what the standard model predicts.

“This is probably the final 
word,” wrote CERN physicist 
Adam Falkowski on his blog, 
Resonaances.

But CERN physicist Albert 
de Roeck, ever the optimist, 
thinks there is still room for 
two-photon decay to be caught 
misbehaving once the LHC 
switches back on next year  
at double its previous energy. 
“I still believe ultimately we will 
find significant deviations or 
something unexpected,” he says.

No cliffhanger in Higgs boson soap opera

Elastic ceramics 
bounce back

PUT the squeeze on a ceramic 
mug and you’ll crush it to powder. 
But ultra-tiny ceramic scaffolds 
have now been made that bounce 
back under pressure. Such materials 
can be so light that they approach 
the density of air. 

Brittle materials like ceramics 
typically contain small defects 
that lead to them cracking under 
pressure. To tackle this problem, 
researchers led by Julia Greer at 
the California Institute of 
Technology in Pasadena built tiny 
lattices out of ceramic tubes with 
walls just 5 to 60 nanometres 
thick – so thin that there is little 
room for defects. 

Lattices with the thinnest tubes 
bounced back to more than 95 per 
cent of their original height after 
being compressed by 50 per cent.

“This, for ceramics, is unheard 
of,” says Peter Fratzl at the Max 
Planck Institute of Colloids and 
Interfaces in Potsdam, Germany. 

The tube walls wrinkle under 
compression, then the tubes 
bend. Cracks seem unable to 
propagate past these bends in the 
tubes, so they are stopped in their 
tracks (Science, doi.org/vmz). 
“They’ve achieved a very unusual 
effect,” Fratzl says – although it 
may be difficult to scale up.
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Enter the drone zones
From the farm to the fire station, drones are about to fly into 
everyday life in the US, finds Hal Hodson

IN MAY, a drone flew out over 
one of the largest wildfires in US 
history. A big chunk of Alaska 
south of Anchorage was burning, 
but the state forestry department 
thought the situation was under 
control when they asked Marty 
Rogers to monitor the blaze from 
the air as it ebbed. It was supposed 
to be a simple test flight.

“The next day all hell broke 
loose,” says Rogers. While the team 
was en route, a storm whipped the 
blaze into a fury. “We had very 
high winds. Manned aviation 
was shut down. They cleared 
firefighters out, but we could fly.” 

Rogers directs drone research at 
the Alaska Center for Unmanned 
Aircraft Systems Integration in 

Fairbanks. His crew flew their 
machine through the night as 
firefighters on the ground beat 
back the flare-up. “We looked for 
hotspots from the air using an 
infrared camera,” Rogers says. 
“We mapped them and fed them 
back to the planning software for 
the fire crews on the ground.”

Stories like this are rare in the 
US, where laws for the civilian use 
of drones have yet to be worked 
out. But the US Federal Aviation 
Administration (FAA) has been 
charged by Congress with issuing 
sweeping rules by September 
2015. With little time to lose, 
the agency has sanctioned six 
areas around the country as 
experimental sites. As well as 

Alaska, proving grounds in New 
York state, North Dakota, Texas, 
Virginia and Nevada are running 
projects that will shape the future 
of drones in the US. The FAA 
is watching closely, as its 
regulations will have a profound 
impact on everything from 
fighting fires to the flow of 
goods around the country.

Agriculture is a major research 
focus. Mike Stanyard at Cornell 
University in Ithaca is using the 
FAA’s site in rural New York to test 
an autonomous plane (pictured) 
designed to help farmers track 
their crops and animals. Built by 
Precision Hawk of Indianapolis, 
the craft’s thermal camera is 
meant to find outbreaks of insects 

and crop disease, which show up as 
hotspots when stressed plants 
lose their ability to regulate heat.

“Our hope is that we can spot 
outbreaks sooner and the farmer 
could go to that area of the field 
to fix it,” says Bill Verbeten, who 
is working with Stanyard on 
the project.

The drone’s cameras can also 
save farmers some time by 
totting up their plants for them. 
Consulting firms do this count for 

farmers already to ensure they are 
maximising their yields. But it’s 
mind-numbing work. “You spend 
a month counting plants day after 
day,” says Verbeten. “We hope to 
do that from the air.”

Verbeten has 12 farms across 
New York state lined up for drone 
services. “Each of those farms is 
hoping to get 500 to 600 acres 
approved by the FAA by next 
growing season,” Verbeten says. 
“We’re really excited.”

Before the drone laws are 
established next year, the FAA 
plans to issue a preliminary set 
of rules governing craft lighter 
than 24 kilograms in November. 
This will help clarify the current 
regulations, under which the FAA 
requires approval for each and 
every commercial drone flight – 
an onerous process that prevents 
the industry from growing. 

Drones may be used 
recreationally, but only if they 
stay below 122 metres, at least 
4.8 kilometres from an airport 
and away from populated areas. 

But whether the skies will be 
darkened with autonomous fliers 
remains to be seen. Google is 
working on a drone-based 
delivery service called Wing, and 
in June, Amazon wrote to the FAA 
requesting special permission to 
expand testing of its drones. In 
the letter, Amazon stated that its 
drones were already capable of 
carrying 87 per cent of the items 

“ Most people involved 
are calling it the new 
frontier in aviation,  
and it really is”

–Eyes like a hawk with night vision–
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Amazon sells, and promised 
that its Prime Air service would 
allow packages to be delivered 
within 30 minutes of ordering. 

Tony Basile of NUAIR Alliance, a 
research consortium that runs the 
FAA’s New York site, says futuristic 
drone-delivery campaigns 
proposed by Amazon and Google 
are looking plausible. “It’s going 
to be a reality, it’s just a question 
of the time frame,” he says. He 
believes both Amazon and Google 
will be ready to move on their 
flying commerce projects as soon 
as they know what the rules are.

Back in Alaska, the FAA test 
site is running other, more niche 
projects. In a training scenario 
with law enforcers in Fairbanks, 
Rogers’s drone circled a building 
that contained an active gunman 
and relayed info to an incoming 
SWAT team. His team has also 
flown drones over the Arctic 
Ocean to track bowhead whale 
populations with a view to keeping 
the oil industry out of their way. 

Such work has already come in 
handy for the FAA, demonstrating 
exactly what the agency hopes 
to learn by running these test 
centres. Last week, Rogers’s team 
inadvertently crashed a drone 
into the Arctic Ocean, and when 
they retrieved it, they found an 
unexpected problem. “We crashed 
the aircraft 22 miles out to sea. 
When it went down, the computer 
showed 2 hours of fuel remaining,” 
he says. But when they found it, 
the tank was virtually empty. “We 
have no idea why the computer did 
that,” says Rogers, “but this kind 
of thing is important to the FAA 
and the National Transportation 
Safety Board, and this is how you 
figure this stuff out – you’ll never 
figure that out in the lab.” 

This is the ultimate goal for all 
the test sites; to work out technical 
glitches and help the FAA write 
the rules for a brand new industry, 
by running the real-world drone 
missions of the future. 

“Most people involved 
are calling it the new frontier 
in aviation, and it really is,” 
says Basile.  ■
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See you in the slammer
Jails across the US are offering video calling to inmates

Aviva Rutkin

DEEP in the heart of Texas, a jail 
wants to get its inmates to use 
video chat. 

On 9 September, Dallas County 
Jail lost its bid to install webcams 
and video calling for inmates. 
Dozens of lock-ups around the US 
have already started offering such 
services. Officials argue it benefits 
inmates, who get to interact face-
to-face with loved ones, while 
generating revenue for jails, 
who get a cut of call costs. 

Dallas is the first place to have 
problems with the scheme, and 
not just because of the $10 for 
20 minutes price tag. Opponents 
are concerned that the contract to 
install the video equipment with 
Securus Technologies, based in 
Dallas, would have restricted in-
person visits at the jail in an effort 
to guarantee that inmates use the 
system at least once per person 
per month, on average. 

“The concerns are legion,” says 
Clay Jenkins, a county judge who 
led the effort against the proposal. 
“The attempt was to do away with 
in-person visitation ultimately, 

and go to only video visitation 
for everybody but lawyers and 
doctors.”

County jails in the US are 
typically reserved for inmates 
awaiting trial or serving sentences 
of up to a year. Some state and 
federal penitentiaries have 
adopted the technology, but none 
has restricted face-to-face visits.

Two years ago, Dakota County 
Jail became the first in Minnesota 
to offer video chat, charging 
39 cents per minute for every call. 
Calls are recorded and monitored 

for inappropriate behaviour. 
“There’s nothing more 

convenient than video visitation 
from your own home,” says John 
Grant, a commander in the 
Dakota County sheriff’s office. 

People are still permitted to 
visit Dakota County inmates in 
person. Other county jails that 
have installed the technology 
have stopped or severely limited 

face-to-face visits. Some jails in 
Maricopa County, Arizona, have 
markedly cut down visiting hours, 
while in Shawnee County, Kansas, 
visitors are allowed to the jail, but 
must speak to inmates through 
the video system. 

Richard Smith, CEO of Securus, 
declined to comment on the 
details of the Dallas contract, 
which Jenkins says could still be 
restructured to preserve visitation 
rights. But Smith disputes concerns 
about loss of in-person contact. 
“As soon as you get booked into a 
facility, in all fairness you start to 
lose your rights in that process and 
you have to rely upon the good 
judgement of the people who are 
administering the facility,” he says. 

“Should jails be experimenting 
with more ways to keep families 
together? Yes,” says Peter Wagner, 
executive director of the Prison 
Policy Initiative, a non-profit 
group in Massachusetts that is 
working with Dallas County to 
improve the video chat plan. 
“Should they be experimenting 
with things that rip off the 
poorest families in their state 
or county? No.”  ■

“ There’s nothing more 
convenient than video 
visitation from your 
own home”

–A thing of the past?–
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Harvest energy from thin air
A device that harvests electricity from tiny changes in air 
temperature could power the sensors of the future. Chen 
Zhao and colleagues at the University of Washington in 
Seattle filled a small bellows with chloroethane gas, which 
expands and contracts a great deal for small temperature 
fluctuations. This process caused the bellows to move a 
magnet inside a coil, producing a current. In tests, the team 
found that for just a 0.25 °C rise or fall in temperature they 
were able to generate enough juice to wirelessly update an 
ebook page from 5 metres away. The team hope the device 
could be used to power sensors that monitor pipes for leaks, 
or for indoor GPS beacons. Zhao presented the work this 
week at Ubicomp in Seattle.

Take the (phone) power back
Phone dead again? Once you recharge, download this: a free 
app that tells you what’s sucking your battery dry. Called 
Estar, the app gives simple five-star ratings for all the apps on 
your phone, based on their battery consumption. It also lets 
you find new apps that are energy efficient. The app, which is 
available on Google’s App Marketplace, has shot to popularity 
since its launch earlier this month, says Charlie Hu at Purdue 
University in Indiana, who led the team that built it. 

Soak up hydrogen for cheap fuel
A cunning way to split water could unlock cheap hydrogen 
fuel – generating power in developing countries or making 
fuel on Mars to power a rocket back to Earth. The device zaps 
water with a quick jolt of electricity to release oxygen, then a 
silicon-based chemical mediator dissolved in the water mops 
up stray protons and electrons. When it is full, the mediator 
turns blue, letting a human operator know it can be removed 
and stored for later. When hydrogen is needed, putting the 
mediator in contact with a platinum catalyst allows those 
electrons and protons to recombine to make hydrogen gas, 
says Lee Cronin at the University of Glasgow, UK, who 
designed the system along with his colleagues. The system 
produces 30 times as much hydrogen as can be made from 
existing techniques (Science, doi.org/vpc).
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–Couldn’t go to Specsavers–

PEER into a smartphone, and all will 
become clear. Smart Vision Labs,  
a start-up in New York City, wants  
to make it easier to diagnose vision 
problems in developing countries 
with an iPhone camera add-on. 

The World Health Organization 
estimates that 246 million people 
have poor vision. Of these, about 
90 per cent live in low-income areas 
without good access to healthcare or 
expensive diagnostic machines.

To solve this problem Smart Vision 
Labs has combined two tools often 
used for eye tests into a single 
inexpensive and portable device. The 
first tool, an autorefractor, calculates 
whether someone is short-sighted or 
long-sighted, and to what extent, by 
measuring the size and shape of their 
eye. The second, an aberrometer, looks 
for distortions in how light reflects off 
the eye, which could indicate rarer 
problems such as double vision. 

This equipment usually costs 
thousands of dollars, but Smart Vision 
Labs says it has made a device with 
the same functions that clips onto an 
iPhone. It can estimate vision 
problems by taking a handful of 
pictures of a person’s eye and using 
software to analyse them. The 
company plans to sell it as part of a $30 
kit for people in developing countries.  

“Anyone can use it,” says Yaopeng 
Zhou, one of the firm’s co-founders, 

who is presenting the device this week 
at Vision Expo in Las Vegas. “We see 
this as a great way of changing the 
way people get their eyeglasses.”

Earlier this year, Smart Vision  
Labs sent prototypes to Haiti and 
Guatemala through non-profit 
organisation Volunteer Optometric 
Services to Humanity. Optometrists 
tested the device on a few dozen 
patients in each country, asking them 
to look into it and focus on a small red 
dot for several seconds. 

Fitting people for glasses is 
important, but it is only half of the 
battle, says Joshua Silver of the Centre 
for Vision in the Developing World in 

Oxford, UK. “What use is there to the 
prescription if you haven’t got a 
means of fulfilling it?” he says. He is 
currently designing cheap, adjustable 
glasses to address the problem. 

People who used the device in the 
field were impressed with it. “It was 
very helpful to have the technology 
available to us in Haiti,” says Elizabeth 
Groetken, an optometrist from Le Mars, 
Iowa. “I can see the benefit of this tool 
in countries that do not have eye care 
readily available.”  Aviva Rutkin  ■

iPhone eye test spots 
vision problems cheaply 

“We see this as a great 
way of changing the 
way people get their 
eyeglasses”
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On the pulse
Apple’s watch promises to revitalise heath apps, says Paul Marks 

IT LOOKS like a wrist-sized iPhone 
with an old-fashioned winder. But 
Apple reckons its first smart watch, 
announced on 10 September, could be 
a huge leap forward when it comes to 
what gadgets can tell us about 
ourselves, our health and our fitness. 

Smartphone apps can already track 
activities ranging from your morning 
jog to your sleeping habits. With smart 
watches and wrist-worn devices like 
FitBit and Jawbone Up doing much the 
same, do we need another such device? 

Apple claims that its watch can do 
something few others can: reliably 
monitor your pulse. That, coupled 
with movement tracking, has 
generated excitement about what 
app developers could do with the 
technology to monitor health, 
fitness and perhaps even emotions.

The Apple Watch has two LEDs in its 
base – one in the visible-light spectrum 
and the other in infrared. They shine 
into blood vessels in the wrist and the 
light reflected back to sensors on the 
watch is used to calculate your pulse. 
The watch can also connect 
via Bluetooth to a barometer in the 
iPhone 6, which measures air pressure  
as altitude changes, so it can track 
you as you stand up or climb stairs, say. 

Other smartphones and devices do 
much the same using accelerometers. 
“The barometer gives you a stair count 
and, together with the heart rate 
monitor, apps will be able to derive the 
approximate fitness level of the user,” 
says Kai Kunze, who works on wearable 
technology at Osaka Prefecture 
University in Japan. “I don’t know any 
other fitness tracker that can do that.”

It might also be possible to use 
smart watches to judge emotional 
states. Rosalind Picard of the MIT 

Media Lab and her team are using 
Samsung’s Galaxy Gear smart watch – 
one of the few other models that 
monitor heart rate – to see how 
much data can be gleaned in this 
way. She has also built a wrist-worn 
sensor package designed to monitor 
pulse, motion and a wearer’s level 
of nervousness or excitement via 
skin conductance. “There’s a lot we 
can learn from wristband-sensors 
about changes in the body related 
to emotion,” Picard says. 

What the Apple Watch might lack 
in ground-breaking sensors, it could 
make up for in design. The company 
has sought to solve a key problem of 
touchscreen-enabled watches: when 
your finger touches the screen, you 
can’t see what’s happening.

Apple’s answer is a button called 
the “digital crown” on the right side 
of the watch, which you can use to 
scroll and select apps. The watch’s 
touchscreen is also pressure-sensitive, 
allowing different interactions 
depending on how hard you press it.

The biggest opportunity with 
wearable technology is reducing the 
time between someone’s intent to 
do something and their ability to act 
on it, says Thad Starner of the Georgia 
Institute of Technology in Atlanta, 
who led the development of the 
Google Glass headset. “When 
that time is small – a few seconds 
at most – you use the device more 
as an extension of yourself, instead 
of as a separate device.”

Apple’s strength is in creating such 
connections between users and their 
mobile devices. If the firm succeeds 
again when the Apple Watch launches 
next year, we all may soon have 
sensors tracking our every move.  ■

“ If the Apple Watch 
succeeds, we all may 
soon have sensors 
tracking our every move”
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GET ready to connect with a glance. 
Researchers have built a wearable, 
head-mounted computer that tracks 
your gaze. Called iGaze, it connects 
to devices just by looking at them. 

An eye-tracking camera calculates 
where the wearer is looking, and 
transmits it to all the nearby internet- 
connected devices, such as stereos 
and TVs, via Wi-Fi. Any devices 
within the field of view reply with a 
beep played through the headset. 
When the wearer hears it, they nod 
to confirm a desire to connect. Two 
speakers in the headset then send 
out an inaudible sound. Mics in the 
nearby devices use the sound to 
calculate where the wearer is 
standing, enabling each device to 
discern if it is the lucky selectee.

Two people wearing the headsets 
can also connect. Though iGaze 
does not address interactions once 
connected, the idea will be to allow 
wearers to swap files or contact 
information with a glance or tap 
on the headset, for example.

Lan Zhang at Tsinghua University 
in China presented the work at 
MobiCom in Maui, Hawaii, this month. 

Zhang and colleagues say the 
device could let wearers interact with 
the world in various new ways. In 
museums, for example, the device’s 
head-up display could serve up extra 
information when a visitor looks at a 
given exhibit.  Hal Hodson  ■

INSIGHT Smart watches A look says a 
lot when you can 
track your gaze

–Setting the pace–
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Ancient megatrees
THE devil upended the baobab and planted it 
upside down. So says Arab legend. In Burkino Faso 
and Tanzania, folklore has it that the tree wouldn’t 
stop walking, so God planted it with root-feet in 
the air and branches underground. A Zimbabwean 
version has it that God inverted the tree in anger 
when he couldn’t get a drink out of it. 

It’s no surprise that the mighty baobab attracts 
such legends. Various Adansonia species grow in 
arid regions of Africa, Madagascar and Australia 
and have provided resources for humans for 
thousands of years. Each can store up to 100,000 
litres of water in its bloated trunk, so that 
Zimbabwean god was unlucky not to get a drink. 
The baobab’s fruit is known as “monkey bread” 
and is apparently rich in vitamin C.  

These shots were taken in Madagascar by 
Canadian photographer Elaine Ling. For an idea 
of scale, look at the man in the photo in the lower-
right photo – the trees can grow up to 30 metres 
tall. Ling says her photographs are reflections on 
the ancient dialogue between these enduring 
megatrees and the people who live among them.

One baobab, the Platland tree in South Africa, 
was carbon-dated and found to be at least 
1275 years old. It is extraordinary that an 
individual tree can have an influence on the 
lives of so many generations of people. Children 
playing under the local baobab can imagine time-
travelling to ancient times when the very same 
tree grew in the same place – unless it had 
wandered around.  Rowan Hooper

Photographer 
Elaine Ling   
elaineling.com 



The most relevant historical 
example concerns the 520,000 
Soviet women in the Red army’s 
regular front-line troops in the 
second world war. As documented 
by US-based historian Anna 
Krylova, some 120,000 young 
women fought in close ground 
combat alongside men on the 
Eastern Front from 1941 to 1945. 

The empirical record alone 
confirms that some women,  
just like some men, possess the 
psychological and physical traits 
necessary to succeed in ground 
combat and have done so in 
mixed-gender units.

In the last UK review in 2010, 
psychology and physiology were 
not given as grounds to uphold a 
ban. Instead, while admitting 

“research provided evidence of 
the effectiveness of women in 
ground close-combat situations”, 
Ministry of Defence and service 
chiefs decided the data was 
inconclusive and said “potential 
risks of maintaining cohesion in 
small mixed-gender tactical 
teams” meant no change.

UK studies were cited. But when 
you read them, researchers clearly 
concluded that men did not rate 
cohesion lower when women were 
present in close combat in Iraq and 
Afghanistan from 2002 to 2009.

Cohesion was assessed with an 
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adapted US army measure used in 
platoons that considered bonding 
horizontally (between peers), 
vertically (leadership) and 
organisationally (to the unit as a 
whole). However, unit cohesion  
is a function of unit integrity.  
A platoon trains, deploys, lives, 
fights and redeploys together.  
To draw a fair conclusion about 
close-combat cohesion requires 
that women be permanently, not 
temporarily, with such units – 
the very thing that is prohibited.

To their credit, UK researchers 
identified limitations in the work. 
What the government may have 
zeroed in on was a qualitative 
study of 105 military interviewees 
(28 women, 77 men) asked about 
opening the infantry to all. Here 
were sincere but unsubstantiated 
fears over women’s inclusion, 
including lack of strength, 
protective instincts, distraction 
and close relationships.

These are the same unfounded 
fears used to bar women from 
combat aviation, warships and 
ground combat 20 years ago. The 
only way to allay such fears is to 
integrate men and women.

Women have served as regulars 
since the second world war ended. 
They’ve been in combat since the 
1990s in most parts of the navy 
and air force and in 70 per cent  
of the British army. Most forces 
began integration in the early 
1970s. The forces are expert at 
moulding diverse people into a 
cohesive team. The same will go 
for close ground combat units.

Successful integration starts 
with judging service members as 
individuals, using validated 
gender-neutral occupational and 

The right to fight
It’s high time women in the British army were allowed to join men 
in the infantry, says Rosemary Bryant Mariner

SHOULD the ban on women in 
close-combat roles in the British 
army be lifted? The clock is ticking 
on this question, posed by the 
government as it announced an 
expedited review in May. The 
rethink, to conclude by the end  
of the year, is backed by General 
Peter Wall, head of the army. 

This is against a backdrop of 
other countries lifting bans, such 
as the US, where measures include 
admitting  women to marine 
infantry training on a trial basis, 
and Australia, where 63 women 
have signed up so far for ground 
combat roles.

Acknowledging that the UK’s 
restrictions put it at odds with 
many countries, Wall stated that 
allowing women to serve as 
combat troops “would make  
[the army] look more normal to 
society”. The importance of 
physical fitness and the primacy 
of operational capability has been 
stressed in deciding the issue. 
Importantly, the tone has shifted 
since the last review in 2010.

About time; assigning combat 
positions based on merit without 
regard to an applicant’s sex will 
enhance military readiness and 
help connect the army to society.

Women have always been 
involved in combat – as victims, 
partisan fighters and regular 
combatants. From legendary 
figures like Boudicca to today’s 
armed forces, women have taken 
up arms. Hundreds of thousands, 
including from the UK, fought in 
Iraq and Afghanistan over the 
past 10 years. Despite the bans 
some have already experienced 
close combat because front lines 
are blurred in irregular warfare.

“ In the last UK review, 
psychology and physiology 
were not given as grounds 
to uphold a ban”
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strength standards, rejecting 
quotas and ceilings, and the fair 
application of traditional 
methods of maintaining order, 
morale and discipline. As in all 
things military, commanders are 
key. The emphasis on individual 
merit is critical. All of us want to 
be judged on our own ability and 
achievements, not presumed 
group characteristics. 

The rationale that all women 
should be excluded because too 
few make the grade or some men 
are concerned about their ability 
to perform around women makes 
no sense in a meritocracy. Recall 
that most men don’t want to join 
the military, let alone the infantry.

The millennial generation has 
grown up in a gender-integrated 
society, competing as individuals 
in education and the workplace.  
It should come as no surprise if 
they view the British army as 
anachronistic for sanctioning 
gender discrimination.

There is an old adage that you 
fight as you train. To this end, the 
British government should open 
close-combat to women now. 
Operational capability will be 
enhanced as gender integration 
takes place in peacetime. It will 
facilitate readiness by increasing 
the pool of qualified individuals. 
The time is right – British 
involvement in Afghanistan is 
winding down, troops are coming 
home. Incorporating this into the 
Army 2020 plan would provide a 
framework to deal with the 
challenges of recruiting the best 
from a shrinking youth pool while 
practising their egalitarian values.

The alternative is to stonewall 
with endless studies and excuses, 
which only delay the inevitable. 
One way or the other, British 
women will fight as infantry in 
the next major war.  ■

Rosemary Bryant Mariner is a retired 
US navy captain and scholar-in-
residence at the Center for the Study of 
War and Society at the University of 
Tennessee.  She flew attack aircraft 
from 1975, and was the first woman to 
command a naval aviation squadron IT
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Ultimate golden oldie
Musicologist Stef Conner believes there is a way to recreate 
the lost sounds of the ancient Babylonian hit parade

PROFILE
Stef Conner is a composer, performer and 
musicologist with interests straddling classical 
and folk genres. She is working with a group that 
recreated an ancient lyre and aims to reverse-
engineer music of the 2nd millennium BC

Are there any traces of Babylonian music, 
which hasn’t been heard for over 3000 years?
We have the text of lots of poems from ancient 
Mesopotamia, and it seems likely that some were 
originally songs of a sort. We have the words, but 
the music was either not written down or is lost. 
I thought it would be exciting if we could listen 
to these poems as they were meant to be heard. 
The reason I think we can do this is that the 
language of the poems – their stresses, intonation 
and rhythm – provides clues about musical style. 

When did you develop your interest in the 
links between language and music?
My PhD was in composition, with a focus on the 
ways in which language can be used as musical 
material. At that time I also played piano with a 
folk band called The Unthanks. It gave me new 
insights into how music interacts with language. 

Isn’t it a bit of a leap from modern folk music 
to the music of ancient Mesopotamia?
I got in touch with a group interested in lyres and 

harps as I am very interested in Anglo-Saxon 
music. Through them I met Andy Lowings, who 
organised the Gold Lyre of Ur Project – which built 
a replica of a 4550-year-old Mesopotamian gold 
lyre. He asked me to compose music for the lyre 
and last year we recorded the result – an album of 
contemporary music, sung in Babylonian, called The 
Flood, out this December (see stefconner.com).

What about more historically accurate music?
It would be nearly impossible to work with 
Babylonian poetry and replica instruments and 
not become preoccupied by the question of what 
Mesopotamian music really sounded like.

So how would you go about answering that?
I propose to look for features that recur frequently 
in living musics linked to Mesopotamia. The point 
is to look for the most consistent features in a 
widely dispersed collection of musics. The most 
commonly occurring will be those most likely to 
have been features of Mesopotamian music, 
either because they have been preserved through 
musical lineages branching out from Mesopotamia, 
or because external influences have caused them 
to be invented over and over.

How can the Mesopotamian song texts help?
If I limit my survey of contemporary musical 
features to those that relate directly to the 
language and text of songs, then I should be 
able to produce useful models for reconstructing 
music from the Babylonian texts. For example, the 
penultimate syllable of lines in Babylonian poems 
is often stressed. For ideas about how this might 
translate into music – such as the singing of 
multiple notes on one syllable – you can search for 
examples in today’s songs with texts that share 
such characteristics.

Would the songs be familiar to ancient ears?
You can’t perfectly reconstruct a Mesopotamian 
song in this way. But I think if you could go back 
3000 years and play it to a Babylonian they would 
say: “Oh, that sounds a bit like our music.”
Interview by Mick Hamer
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boom, so we needed to know more about 
preserving palaeontology sites.

On my fellowship I visited Dinosaur 
National Monument in Utah, where I met 
chief park palaeontologist Dan Chure. He told 
me why there was so much that Mongolians 
needed to learn and do, and explained how 
smuggling was becoming a big problem. That’s 
how it struck me that I must do something.  
In March 2012, I finally wrote that article.

What was the piece about?
I wrote it from the point of view of a dinosaur. 
I introduced myself as Tarbosaurus bataar, a 
dinosaur similar to Tyrannosaurus rex, that 
once lived in Mongolia. “I am supposed to be a 
superstar,” I wrote, “but I am nobody because 
nobody knows me.” I also wrote about other 
dinosaurs that could be heroes for Mongolia, 
if only we cared about them. A Mongolian 
newspaper published the article in May 2012.

Did your writing spur further action?
The very morning after it was published I was 
having breakfast when my husband came  
in and said, “You have to see what is on my 
computer. It is important.” Then he showed 
me an article saying that somebody was about 
to auction a 70-million-year-old Tarbosaurus 
bataar fossil in New York.

I thought, this is the case that can save 
Mongolian dinosaurs. But it was Friday, and 
the auction was scheduled for Sunday.

With so little time to act, what did you do?
I couldn’t get in touch with the minister of 
education, who is responsible for dinosaurs. 
So I called the president, Tsakhiagiin Elbegdorj. 
At first he said, “What dinosaur are you talking 
about? Why are you calling me?” I begged him 

to give me just 30 minutes to explain. Finally 
he told me to come to his office. I brought all 
of my dinosaur books and papers, put them on 
the table, and referenced them as I explained 
how, even with my limited knowledge, I knew 
this was a Mongolian dinosaur – and that it 
was state property that he should claim.

He asked what would happen if it didn’t 
work. I told him, “Then you will be the first 
president who ever claimed a dinosaur. But if 
you succeed, you will be the first president 
who ever succeeded in claiming a dinosaur.” 
He decided to go ahead.

PROFILE
Oyungerel Tsedevdamba 
is minister of culture, 
sports and tourism  
for Mongolia. She is  
also president of the 
Democratic Women’s 
Union of Mongolia and 
an adviser on human 
rights to Mongolian 
president Tsakhiagiin 
Elbegdorj. She has 
studied at Stanford 
University and at  
Yale University

A Tarbosaurus bataar 
skeleton is now on 
display in Mongolia’s 
new dinosaur museum 
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Reclaiming Mongolia’s 
stolen dinosaurs
Looting Mongolian fossils was commonplace until culture minister 
Oyungerel Tsedevdamba stepped in. Jeff Hecht learns how she is 
bringing her country’s dinosaurs back home 

You were trained in public policy. What got  
you interested in dinosaurs?
In 2006 I was driving in the Mongolian 
countryside with my family. I stopped to  
take a photograph of camels in the sunshine, 
and talked with tourists who were also taking 
pictures. One was from the American Museum 
of Natural History (AMNH) in New York and  
he invited us to come for a back-room tour.

A few months later I began a programme at 
Yale University, near New York, and got to take 
that tour. On it, I asked about the Mongolian 
dinosaurs I saw. The guide said they were 
Mongolian property and would be returned if 
we had a dinosaur museum. I knew little about 
palaeontology, but I wondered why we never 
had a museum if we had so many dinosaurs.

Did you end up looking into it?
Not for some time. On a trip to Chicago in 2010 
I met a Mongolian palaeontologist named 
Bolortsetseg Minjin, who told me she wanted 
Mongolians to learn about palaeontology so 
they would stop stealing their own dinosaurs.

I asked what I could do to help. She gave  
me books about illegal fossil hunters and 
palaeontology expeditions to Mongolia – as 
well as lots of web links to read. And she asked 
me to write an article that would change 
Mongolians’ attitudes toward dinosaurs.

Did you write that article?
Eventually. At the time, I read the books. 
But soon after I was granted an Eisenhower 
fellowship – for people in international 
leadership roles to study in the US. I told the 
committee that I wanted to study dinosaurs 
and fossil management. When they asked 
why, I said I wanted to bring dinosaurs home. 
Mongolia was – and is – having a mining 
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Once you convinced the president, were you 
able to stop the auction?
I found a US lawyer who got an injunction to 
stop the sale. The auction went ahead, but the 
sale, for just over $1 million, was later voided. 
The dealer, Eric Prokopi, eventually pleaded 
guilty to lying on US customs forms. And 
when federal officers raided his premises,  
they found many other Mongolian fossils.

How were dealers able to steal so many fossils?
I wondered that as well – how someone could 
boldly take fossils from Mongolia without 

anyone noticing. Then I read Dinosaurs of the 
Flaming Cliffs, a book written in 1996 by the 
palaeontologist Michael Novacek of the AMNH. 
In it he described his expeditions in Mongolia, 
as well as his concerns about how easily people 
could take advantage of Mongolians.

He also wrote about where he found 
Tarbosaurus bataar, oviraptors and other 
dinosaurs – meticulously describing not only 
what he found, but what he left behind and 
its location. It wasn’t his intention, but I 
saw how his book could be used as a handbook 
for smuggling: the very things he mentioned 

were found and sold by Prokopi. The years 
from 2000 to 2012 were a big smuggling  
time in Mongolia. 

Why does Mongolia have so many dinosaur 
fossils – and what makes them unique?
Dinosaurs lived in many places, but in dry 
areas like the Mongolian Gobi desert, the 
fossils remain very well preserved. This means 
they reveal many details about the creatures 
and the ancient world – fragile connections  
in the skull and the stomach, skeletons with 
every single bone, even baby dinosaurs in  
the egg nest. This type of preservation makes 
them invaluable to science.

Has the experience with theft influenced the 
way Mongolia now protects these fossils?
The tide has turned. Our police and people 
know much more about dinosaurs since the 
Tarbosaurus case, and we are in better control. 
We’ve also found that educating people about 

science is a great tool to stop fossil theft. 
Mongolians are fascinated by palaeontology 
now, and are much more serious about their 
resources than they were two years ago.

But I still really want to tell researchers who 
visit other countries looking for fossils: please 
do not describe what you leave behind.

What happened to the Tarbosaurus skeleton?
It came home to Mongolia, and it is now 
housed in what used to be the Lenin museum. 
We finally got the building back this June,  
and the hall where Tarbosaurus bataar is  
on display is now open to the public.

What other fossils are you recovering?
Prokopi’s other fossils are being packed in New 
York to be shipped back. Two dinosaur eggs 
and the head and feet of a Deinocheirus were 
recently donated to our museum as well.

We also wrote to the AMNH asking them to 
return some materials gathered by American 
palaeontologist Roy Chapman Andrews during 
his Mongolian expeditions between 1922 and 
1925. Nothing has been returned yet, but we 
hope to have the fossils on display by the 
100th anniversary of his expeditions.

Meanwhile, many Mongolian dinosaurs are 
being studied around the world under research 
contracts. Now, once the research has finished, 
they will come back to Mongolia.  ■

“ I wondered how someone 
could boldly take fossils 
without anyone noticing”

For more opinion articles, visit newscientist.com/opinion
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Power to the farmers
From Chris Walker,
World Development Movement
Your article on the Alliance for a 
Green Revolution in Africa (AGRA) 
assesses the success of the scheme 
on its own terms: fertiliser sold, 
“improved” seed varieties grown 
and farmers accessing credit 
(6 September, p 12). Yet AGRA is 
failing to prove its direct impact 
on poverty and nutrition.

What’s more, the scheme  
makes poor farmers reliant on 
expensive and unsustainable 
farming inputs, and hence they 
need credit to pay powerful 
corporate seed and fertiliser 
companies. Many small farmers 
buying these products fall into 
dangerous levels of debt. AGRA 
also advocates policy changes  
that shift control of seeds and 
land to big corporations, and  
away from small family farmers.

Aid donors should support 
projects that build food systems 
controlled by farmers for their 
communities. Africa’s poorest 
should benefit, not corporations.
London, UK

Anti-afterlife dogma

From Brian Josephson
Can psychics contact the dead? 
David Silverman gives this as an 
example of a TV programme that 
cannot be serious (6 September, 
p 26). Yet in 1992, the BBC broadcast 
a series, In Search of the Dead,  
the second episode of which was 

devoted to this very question. Did 
the BBC slip up in commissioning 
this series? No, because unlike 
Silverman it recognised that the 
existence of an afterlife is a valid 
and important question, and one 
which can, in fact, be investigated 
scientifically – as the episode 
showed. Silverman asserts as a 
matter of faith that life cannot 
continue in any form after death, 
but a scientist should not simply 
presume things in the absence  
of proper proof.

Atheism can be a respectable 
position for a scientist to take  
if it merely takes the form of a 
belief that there is no god. As 
practised by Silverman, however, 
it becomes proselytising dogma 
masquerading as truth. In his 
elegant words, as he tries to 
persuade others to support his 
position: “What makes truth 
beautiful is that it’s true.”
Cambridge, UK

From Eric Kvaalen
I know nothing about the 
TV programmes that David 
Silverman attacks in his 
advertisement for AtheistTV, but 
I find his attitude unscientific. 
His recommended response to 
questions such as whether ghosts 
exist or miracles occur is to 
chuckle and say “Wait. You’re not 
serious?” Whatever happened to 
the idea of examining evidence?
Les Essarts-le-Roi, France

Fleavolution
From Bob Butler
Rob Dunn’s report on wildlife 
in the great indoors (23 August, 
p 34) discussed insects evolving 
resistance to pesticides and  
I believe I have another example.  
Some groups of dog and cat fleas 
seem to have evolved resistance  
to particular antiparasitic drugs 
that I prescribed before I retired  
as a veterinary surgeon.

When I had the temerity to 
suggest this to visiting drug reps, 
my suggestion was, of course, 
strongly rebutted. I had three 

surgeries in south and east 
Greater Manchester, UK. In the 
most easterly of these, fleas had 
apparently evolved resistance to 
one widely advertised product. 
The reps suggested that the pet 
owners were not applying the 
product correctly, but another 
product used in exactly the same 
way worked perfectly well.

As with acquired bacterial 
antibiotic resistance, I believe that 
this is an example of evolution 
happening, as the late comedian 
Arthur Askey might have put it, 
“before our very eyes”.
Llangoed, Isle of Anglesey, UK

Dial M for mystery
From Michael Duff
Amanda Gefter says every book 
and article she consulted gave 
the same answer to the question 
“What does the M in M-theory 
mean?”: “nobody knows” (19 April, 
p 47). She finally tracks down 
Edward Witten, who reveals:  
“the M stood for magic, mystery 
or membrane, according to 
taste” – as he did in my New 
Scientist article “Theory of 
Everything” (Instant Expert, 
4 June 2011).

In the period between the 
superstring revolution of 1984 
and the M-theory revolution of 
1995, membranes were taboo. One 
string theorist announced that 
“I want to cover up my ears every 
time I hear the word membrane” 
and some organisers of the annual 
superstring conferences even 
banned the use of the “M-word”. 
My colleague Paul Townsend,  
one of the membrane pioneers, 
compared this with the theatrically 
superstitious calling Macbeth the 
“M-Play”.

The myth that no one  
knows what M stands for is  
just a smokescreen designed to  
obscure the red faces of those  
who ridiculed membranes (later 
called M-branes) but were then 
forced to admit they form a vital 
part of M-theory. Even now, Dean 
Rickles promises that his A Brief 

History of String Theory: From 
dual models to M-theory explores 
how M-theory came into being, 
but mentions “M-branes” nowhere 
in the book and “membranes” only 
in a footnote, referring to them in 
the text as “higher-order strings”.
London, UK

At the pointy end

From Chris Walter
Discussing the possibility of 
pilotless planes, you offer a  
graph showing that “the majority 
of fatal accidents are down to 
humans” (9 August, p 30). You  
do not mention how many of 
those pilot-induced accidents 
involved failed technology as 
a factor. For example, the 2009 
crash of flight AF447 into the 
Atlantic was precipitated by 
technology that could not handle 
the real world environment – in 
which pitot tubes get iced up and 
fail to measure airspeed. Of four 
accidents you mention, three were 
induced by technology failing.

Also, you do not mention the 
accidents prevented by pilots,  
as when crew have encountered 
iced pitots, taken over manual 
control, and did not crash.

A few minutes observing  
pilots taking their regular tests  
in a flight simulator, which 
include rehearsing dealing  
with virtual technical failures, 
would show how far technology 
has to progress before automatics 
can meet safety standards.
Perth, Western Australia
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Cholesterol carriage
From Kathryn Stewart
Clare Wilson reports research  
on the relationship between  
genes for proteins that “carry  
bad cholesterol” and longevity 
(6 September, p 10). Could it be 
that the answer to long life lies  
in how cholesterol is transported 
in our bodies, rather than which 
type is carried?

My family has a long history 
of living into their 90s, with  
very high cholesterol.
San Diego, California, US

Sleep and sun cycle
From Toby Pereira
You report calls for US schools 
to delay their opening times to 
8.30 am or later (30 August, p 6). 
These are based on teenagers’ body 
clocks shifting and causing them 
to go to bed and wake up 2 hours 
later than they did previously. 
Because the effect is linked to body 
clocks, it is likely to be related to 
solar time rather than the time 
on our clocks and watches.

This could easily be tested by 
measuring the relative success  
of pupils on each side of a time-
zone boundary. You would expect 
those living to the east of it to do 
better, since they start their day 
at a later solar time.

Benefits may also be seen when 
the clocks go back for the winter 
months, and negative effects when 
they go forward. This should be 
considered by those who argue 
that the UK should move forward 
an hour to synchronise with 
Central European Time.
Rayne, Essex, UK

Bee is for balsam
From Granville Tunnicliffe Wilson
Beekeepers will have mixed 
feelings about a rust fungus 
that could be the downfall of 
the Himalayan balsam plant 
(6 September, p 4). At this time of 
year, when little else is available, 

the plant provides a valuable 
source of nectar and pollen  
for bees. The garden plant busy 
Lizzie (Impatiens walleriana)  
was devastated by a mould a  
few years ago, and I was relieved 
that it didn’t seem to affect its 
relative, the Himalayan balsam; 
but perhaps it gave the CABI 
organisation the idea for 
fungal control.

I was taught beekeeping by 
my primary school headteacher, 
who offered us a shilling for  
every matchbox full of balsam 
seeds we collected. The plant 
seems, however, to have spread 
effectively without deliberate 
assistance. I have not yet 
discovered where my bees are 
finding it, but it is only this last 
year that I have noticed them 
returning to the hive covered in 
the white pollen characteristic 
of this plant.
Yealand Redmayne, Lancashire, UK

Finding their lunch
From Gerald Legg
John Harvey mentions tomato 
seeds on the seabed off Liverpool 
(30 August, p 30). This reminds 
me of scuba diving on Boxing Day 
off the coast of Sussex, UK, some 
years ago. It was quite normal to 
find patches of sweetcorn derived 
from all those Christmas dinners 
that were not chewed or digested, 
but ejected into the sea by old 
sewers. Improvements in sewage 
treatment appear to have stopped 
this Yuletide event.
Hurstpierpoint, Sussex, UK

Modernist munching
From Margaret Scott
I have to take issue with the 
“modernist” attitude of your 
guide to diet supplements 
(30 August, p 32). I accept that the 
information and advice works for 
21st-century diets in the US and 
Europe, but for most of the last 
10,000 years people have not had 
access to broccoli, bananas and 

Brazil nuts. Clearly ancient 
peasant diets supplemented by 
hedgerow pickings, weeds like 
nettles and chickweed, and 
uninspiring roots must have 
supplied the vitamins and trace 
elements needed to work and 
reproduce. Perhaps modern 
populations need to eat more 
Cochlearia danica (scurvy grass)?
York, UK

Random serve

From Harvey Smith
Achieving random tennis serves 
to take advantage of opponents’ 
prejudice for order need not 
involve drawing segments on 
your watch face (6 September, 
p 47). A tennis coach once told me 
to hold the racquet handle loosely 
when serving. If you don’t know 
where the ball’s going, your 
opponent certainly won’t.
Purley, Surrey, UK

Fractal precedence
From Ali Rhayem
Your article “Sunny surprise  
for fusion reactors” refers to  
a finding of an “unexpected” 
fractal pattern in the turbulent 
solar wind (3 May, p 12). It cites  
a paper by Sandra Chapman  
that says this is the first such 
observation. By chance, I came 
across a book by C. J. Schrijver  
and C. Zwaan called Solar and 
Stellar Magnetic Activity, “first 
published in printed format”  

by the Cambridge University 
Press in 2000, and on page 126  
the authors refer to the same  
type of pattern.
Beirut, Lebanon

Facts for the birds
From Jonathan Elphick
I was delighted to read Adrian 
Barnett’s positive and well-
written review of my book  
The World of Birds (23 August, 
p 45). However, I have a couple  
of points to raise.

The largest known flying 
bird ever was not the seabird 
Odontopteryx but, as I described 
in my text, Argentavis, another 
Miocene bird and a member of 
a group known as teratorns. This 
had a wingspan up to 7.5 metres.

Also, you captioned Diane 
McAllister’s dramatic photograph 
of a young owl as a Blakiston’s 
eagle owl. It is, in fact, a fledgling 
long-eared owl. Although this 
widespread Eurasian and North 
American species is far smaller 
than the formidable east-Asian 
Blakiston’s eagle owl, by 
spreading its wings wide and 
fluffing out its plumage it looks 
much larger than it is. I chose  
that image to make this point.
Exeter, Devon, UK

For the record
■ We quoted researcher Fabian 
Suchanek: “You and I are stored in 
the Knowledge Vault in the same way 
as Elvis Presley” (23 August, p 18). 
Google has now responded that  
“The Knowledge Vault does not  
deal with personal information.”

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

Include your full postal address and telephone 
number, and a reference (issue, page number, title) 
to articles. We reserve the right to edit letters.  
Reed Business Information reserves the right to  
use any submissions sent to the letters column of  
New Scientist magazine, in any other format.
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SPECIAL REPORT

Our endless capacity for imaginitive 
thought could be the surprise 
factor that gave rise to civilisation, 
finds Catherine Brahic

Daydream 
    believers
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IT WAS during the Abix-Rontu war for 
control of the solar system that the planets 
Rorkak and Slockland were formed. The war 

had erupted when two 6-year-old boys living 
in the US could not agree on whose cat should 
rule their shared imaginary world. It was 
resolved diplomatically when they decided to 
split it in two. Kevin walked away with Abixia, 
an island nation on planet Rorkak inhabited  
by the cat-human Abixians who worship  
the horse god Aht. Simon got Rontuia, a 
constitutional monarchy on planet Slockland 
inhabited by lynx-like Slocks with advanced 
technological prowess.

The imaginary worlds of Kevin and Simon 
(not their real names), documented by child 
psychologist Marjorie Taylor of the University 
of Oregon in Eugene, seem very elaborate to 
the adult observer: Kevin has minted coins 
and written a gospel for the Abixian religion, 
while Simon has made sculptures and 
designed buildings. But this complexity is far 
from exceptional. Psychologists who research >G
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pretend play say 12 per cent of US college 
students remember having imaginary  
worlds (psychologists call them paracosms). 
Two-thirds of children under the age of 7 have 
or remember having imaginary friends.

A short post on my Facebook page asking 
for my friends’ own examples elicited 
accounts of Fred who lived inside the shaggy 
lounge rug and didn’t have much luck with 
girlfriends; Loula and Loulac who were 
responsible for any naughty behaviour; 
elaborate fairy worlds at the bottom of 
gardens; and skating worlds beneath beds.

And the phenomenon isn’t just the preserve 
of childhood. While many of us leave our 
imaginary worlds and companions behind as 
we grow up, some adults continue to interact 
with them. Agatha Christie reportedly still 
spoke to her imaginary companion at the age 
of 70, and Kurt Cobain addressed his suicide 
note to his childhood imaginary friend 
Boddah. More frequently, adults indulge their 
imaginations with novels, movies and video 
games, not to mention daydreaming, fantasy 
and hypothetical thinking.

Central role in thought
So why do we spend an inordinate amount 
of time immersed in worlds that exist only in 
our heads? Neuroscientists and psychologists 
used to regard our propensity to conjure  
up and then flesh out fictional scenarios, 
people and objects as mere mental fluff. Now 
imagination is recognised as playing a central 
role in human thought, from planning and 
creativity to memory and problem-solving. 
It protects our mental health and may even 
be the fragile foundation on which human 
society is built.

When I found out that nobody knows how 
much time people typically spend immersed 
in figments of imagination, I set out to keep 
track of my own imaginings. My aim was to 
do it over the course of a month, but I gave up 
after a few hours, overwhelmed by the scale 
of the task. I may be prone to daydreaming, 
but even so imagination seems like an almost 
continuous feature of inner life. Even on an 
ordinary day we exercise it all the time: what 
to have for lunch, how to prioritise today’s 
workload, how to structure the next sentence.

If imagination is the ability to transcend  
our current circumstances and use our minds 
to travel through time and space and beyond, 
then that includes everything from 
daydreaming of unicorns to visualising an 
event from last weekend and figuring out, 
at two in the afternoon, how best to get to 
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fantasy. “But one thing pretty much everyone 
agrees on,” says Gopnik, “is that however 
much we as adults imagine, we don’t do it 
nearly as much as children.” Pretend play 
starts when we are about 2 years old, and 
young children can spend most of their days 
immersed in it, making them ideal subjects 
in the study of imagination.

Gopnik wants to know why children spend 
so much time immersed in pretend play. 
“They have so much to learn about the real 
world, so why are they spending so much 
time off in these crazy imaginary worlds?” 
To answer the question, her colleague Daphna 
Buchsbaum, now at the University of Toronto 
in Canada, introduced a group of 3 and 4-year-

olds to a stuffed toy monkey and told them it 
was his birthday. She also showed the children 
a musical machine that would play Happy 
Birthday to the monkey if it was fed an object 
called a zando, but wouldn’t play if it was fed 
a different object that was not a zando.

The imagination part came when a person 
walked into the room and took away the 

birthday machine, the zandos and the non-
zandos. Buchsbaum grabbed a box and two 
blocks and said they could just pretend that 
the box was the birthday machine and that 
one of the blocks was a zando.

The children were later asked various 
questions that required counterfactual 
thinking, such as “what if we said this zando 
was a non-zando – now what happens if I put 
it in the birthday machine?”

Buchsbaum found that the children who 
had spent time in pretend play with the  
box and blocks were better at answering  
the counterfactual questions (Philosophical 
Transactions of the Royal Society B, vol 367, 
p 2202). “If they can pretend that they are 
playing with the machine then they can also 
do more counterfactual thinking about it,” 
says Gopnik. She sees this as evidence that 
pretend play is serious business, allowing 
children to explore causal relationships in  
the world around them.

So when a child tells another “let’s pretend 
that’s a tiger cage and I’m the zookeeper and 
you’re the tiger,” she isn’t just messing about. 
She is exploring all the possible scenarios in 
that set-up, and their consequences. If the 
tiger is locked in the cage then it can’t eat the 
other children, but if the zookeeper leaves  
the cage open, the tiger can escape, and then 
what happens?

“ I would love to know if 
chimpanzees can entertain 
the notion of a unicorn”

a social occasion across town that evening. 
If you go with that definition, then we are 
constantly using our imagination, says Taylor, 
who runs the Imagination Research Lab at the 
University of Oregon.

Alison Gopnik, a psychologist and 
philosopher at the University of California, 
Berkeley, uses a slightly narrower definition 
to rule out any confusion with memory. She 
sees imagination as our ability to consider 
possibilities that we know aren’t true in the 
here and now – a definition that includes 
unicorns and future events but excludes 
memories and visualisations of things that 
really happened. Even this more narrow 
definition encompasses a large proportion 
of human thought.

Decisions, decisions
Gopnik is particularly interested in 
counterfactual thinking, a kind of imagination 
that treads a fine line between the real and the 
unreal. Take the following scenario: you were 
interviewed for a new job, but just heard that 
you didn’t get it. You mull over all the things 
that happened in the interview and how they 
might have played out differently. Why didn’t 
you see that question coming? How could you 
have forgotten to mention the brilliant idea 
you had prepared ahead of time? In other 
words, you think about a reality that didn’t 
happen – but only just. This is how we learn 
from our mistakes and adjust our behaviour, 
and is seen as being one of the prime functions 
of imagination.

Similarly, every day we play out various 
scenarios in our minds to enable us to select 
the best one. Is it better to carry on working 
tonight, or quit now and finish off early 
tomorrow? Would a glass of wine help? Should  
I call my sister to tell her my news? What if I 
sent her an email instead? Sometimes these 
spill over into pure fantasy, from daydreams 
about future holidays to visualisations of what 
a new romantic relationship might be like.

This kind of mental flight of fancy is an 
important part of how we make decisions. It 
allows us to explore our emotional reactions 
to various outcomes without having to 
actually experience them. Imagination also 
plays a role in designing and innovation. 
Taylor points out that every human-made 
object in your line of vision was imagined 
before it became real.

It’s nigh on impossible to say how much 
time the average adult spends immersed in 
mental time travel, daydreaming, planning, 
counterfactual thinking, creativity and 
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Flights of fancy
Do other animals have the 
power of imagination?

HUMANS are probably uniquely 
imaginative. But some researchers 
who study apes and other clever 
tool-making animals such as crows 
and scrub jays see powers of 
imagination in their subjects: they 
plan ahead when making complex 
tools and solve problems they have 
never encountered before without 
resorting to trial and error.

Nicky Clayton of the University 
of Cambridge says the explanation 
is that the crows are imagining what 
might happen if they do X or Y and 
picking the right option according 
to the imagined outcomes.

But Josep Call of the Max 
Planck Institute for Evolutionary 
Anthropology in Leipzig, Germany, 

isn’t convinced. Can chimpanzees  
and other animals conceive of 
something that isn’t present, or  
think of something that happened 
yesterday? Yes, absolutely, Call says. 
We see this in the way they cache  
food and later go back to find it. But  
he maintains that there is simply no 
convincing evidence that they can  
do any more than this.

“I would love to know if 
chimpanzees can entertain the notion 
of a unicorn, but we have no idea,”  
he says. “As far as I can tell, we  
don’t even know whether they can 
entertain two possible scenarios to 
solve a problem.” In Call’s view, it is 
impossible to say whether the animals 
that solve problems without trial  
and error are consciously imagining 
different solutions, or subconsciously 
integrating information to come up 
with the correct solution. “I’m not 
saying animals can’t imagine two 
different scenarios,” he says. “I just 

don’t see the evidence for it.”
He does, however, agree that 

animals probably have rich mental 
lives. In experiments carried out 
around a decade ago, captive 
chimpanzees were taught artificial 
codes to allow them to communicate. 
Suddenly, the animals began to 
express desires and other emotions – 
proof, says Call, that there is more 
going on inside their heads than 
meets the eye.

“Very often people will say the 
mental lives of animals must be 
impoverished because they don’t have 
language,” says Call. “I think the mental 
lives of chimpanzees are very rich.”

We may never know if our great ape 
cousins can muse about unicorns, or 
dream up imaginary friends or worlds, 
but one thing just about everyone 
agrees on is that even if they do, they 
are no match for humans in terms  
of the sheer amount of time spent 
immersed in make-believe.

using illegal drugs, hadn’t been arrested and 
had graduated high school. By contrast, only 
a quarter of the kids who hadn’t reported 
imaginary friends also ticked all of these boxes 
(Developmental Psychology, vol 46, p 1632).

The result is far from conclusive – the 
numbers are very small and the outcome 
could reflect correlation not causation. But it 
is backed by interviews that Taylor has done 
with children in the US foster care system. 
Those who had imaginary friends often used 
phrases like: “She was there when I needed 
her”; or “whenever I got sad or mad or I 
wanted to throw something and break, it 
was like what a mom would do, try to calm 
someone down”. Taylor says that in difficult 
situations, imaginary friends can offer the 
same kind of support as real friends and family.

Whether children’s imaginary worlds 
predict something about their future is an 
open question. One study, led by Michele 
Root-Bernstein of Michigan State University 
in East Lansing, found that adults who had 
received awards for creativity were more  
likely to have had paracosms as children.  
But Taylor says there simply haven’t been any 
long-term studies following individuals over 
decades to show whether kids who engage in 
more pretend play make more creative adults.

Some studies also suggest that children 
with imaginary friends have stronger 

friend?’ Then I realised the finding is that there 
is no typical imaginary friend.” Their diversity, 
she says, reflects their range of uses, from 
being plain old fun to vehicles to express fears, 
explore emotions and to run “experiments” 
on the mysterious adult world.

Division of labour
In this way, childhood imagination can be seen 
both as a way to safely explore the real world 
and as a dress rehearsal for adult imagination. 
Gopnik talks about a division of labour 
between childhood and adulthood. She 
compares the former to a sort of research 
and development division, where we can 
experiment with the world and develop our 
creative minds unencumbered by worries 
about survival. The skills we acquire during 
this period prepare us for adulthood – the 
production and marketing division.

Imaginary friends may also help children 
cope with real-life difficulties. Taylor and her 
colleagues interviewed 152 12-year-olds whose 
teachers said they were problematic. They 
were from poor families, had poor grades, got 
into trouble a lot and didn’t interact well with 
their peers. Thirteen said they had imaginary 
friends. Six years later, 11 of these children 
reported back, and eight of them were doing 
well – they had no mental illness, were not 

Another form of make-believe that reveals 
a lot about childhood imagination is having 
an imaginary friend. Once thought to be 
the refuge of loner kids who had trouble 
establishing relationships or interacting  
with the real world, it is now clear that they  
are a common element of a normal childhood.

Taylor has spent decades interviewing 
children about imaginary friends and says 
most are very aware of their fictional nature. 
“We take notes very seriously while they are 
talking to us and at some point, they will say 
‘you know, this is just pretend’. Or we will  
ask them where they met their friend and  
they say, ‘Well, I just made her up’.” In a  
study of 83 children with imaginary friends,  
a third spontaneously offered this kind of 
clarification and only two children showed 
any signs of being confused about the nature 
of their friends.

So what’s the point? “Imaginary friends are 
pretty multi-purpose individuals,” says Taylor. 
“They are the most unbelievably diverse group 
that you could think of.” Over the years, Taylor 
has been introduced to Elsy Welsy, a tie-dyed 
veterinarian; a shark that lived inside a  
child’s throat; Charlie Ravioli, who was  
always too busy to play with the little girl  
who had made him up; and hundreds more.

“It used to drive me crazy,” she says. “I 
would wonder ‘what’s the typical imaginary >
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theory of mind – meaning they are better able 
to understand and relate to the mental states 
of other people. Steven Mithen, an 
archaeologist and anthropologist at the 
University of Reading, UK, suggests that the 
evolution of theory of mind in our early 
ancestors was  
the first step in acquiring our unique skills  
of imagination.

Mithen, who specialises in the evolution 
of the human mind, has outlined seven key 
milestones in the gradual evolution of our 
imagination (see “Seven steps to imagination”, 
left). He argues that every one of these 
milestones was selected for other reasons. 
“The modern human creative imagination 
was largely an accident of evolutionary 
history,” he says.

One milestone was becoming bipedal, 
which required a narrow pelvis. This in turn 
means infants must be born with flexible 
skulls and small brains, which grow to full size 
during childhood. So standing up on two feet 
laid the foundation for long childhoods when 
our brains develop under cultural influences.

For Maurice Bloch, an anthropologist at the 
London School of Economics, the moment our 
imaginations became unique was around 
10,000 years ago, and is inextricably linked 
to world domination.

For tens of thousands of years after first 
appearing in Africa, Homo sapiens lived in 
small, isolated groups of hunter-gatherers. 

1  Theory of mind 
What is it? The knowledge that others have beliefs 
and thoughts that are different from one’s own. 
Probably evolved in response to larger social groups
How does it support imagination? Allows “thought 
experiments” about thoughts and behaviours of others

2  Human life history
What is it? A long period of infant helplessness plus 
an extended childhood and adolescence. May have 
evolved to resolve the conflict between bipedalism – 
which narrows the pelvis – and large brain size
How does it support imagination? Enables 
an extended period with no adult responsibilities, 
giving the opportunity for imaginative play

3  Specialised intelligence
What is it? The evolution of dedicated mental modules 
to deal with specific types of thought or behaviour
How does it support imagination? Allows the 
combination of different types of knowledge or ways 
of thinking to create new ideas

4  Language 
What is it? Strictly speaking, a system of words 
and grammatical rules. Mithen argues that only 
Homo sapiens evolved true language 
How does it support imagination? Enables the 
creation, sharing and elaboration of ideas that couldn’t 
have been conceived of in a single human mind

5  Cognitive fluidity
What is it? Using language to more efficiently combine 
specialist knowledge across cognitive domains 
How does it support imagination? Allows the 
creation of novel thoughts and ideas including 
metaphors and symbols

6  The extended mind
What is it? The use of technologies such as writing 
and computer chips to store and share ideas
How does it support imagination? Allows  
existing ideas to be built on and improved

7  Sedentary lifestyle
What is it? The transition from nomadic hunter-
gathering to settled farming lifestyles
How does it support imagination? Through a 
massive expansion of the shared, extended mind  
and also the creation of food surpluses so individuals 
could spend time on creative pursuits 

SEVEN STEPS TO IMAGINATION

According to Steven Mithen, an anthropologist at the University of Reading, UK, 
who specialises in the evolution of the mind, seven key changes were needed 
to allow the emergence of human imagination as we know it. Each happened 
for other purposes, the first three in our distant ancestors, but the final four 
exclusively to Homo sapiens
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Around 60,000 years ago, some left Africa 
for Asia, Europe and the Americas.

Then, about 30,000 years ago, a revolution 
took hold. Suddenly, there was a flowering of 
cultural expressions. Cave paintings appeared, 
tools became more complex and evidence  
of symbolic thought through sculptures  
and representations of the dead became 
frequent. Global domination was cemented 
10,000 years ago with the emergence of large 
civilisations built around sedentary societies.

Anthropologists have suggested all sorts  
of explanations for what archaeologist Colin 
Renfrew of the University of Cambridge calls 
the “sapient paradox” – the mystery of why  
it took tens of thousands of years for our 
ancestors to make this leap. Language is 

thought to have played an important role. And 
climate change offers a popular explanation: 
the end of the last ice age would have allowed 
people to start farming, living in villages built 
around or near religious temples.

But many, including Renfrew, believe that 
something may have also been stirring deep 
inside the human brain 10,000 years ago.  
For Bloch, at least part of that has got to do 
with imagination.

Made-up world
Large societies and the glue that holds them 
together are completely made up, says Bloch. 
Nations, tribes, religion, marriage, money 
and the law-enforcing powers of a judge are 
arbitrary products of our creative thought. 
So to create them, our ancestors must have 
had fantastic powers of imagination.

“If people belong to a clan,” says Bloch, 
“they might say we are members of this clan, 
we came to this land 200 years ago and will 
be there 200 years from now. But that idea 
can only exist in imagination.” Without these 
imaginary structures, interactions within 
social groups are limited to being physical 
transactions between animals that exchange 
favours. “If you want to have large-scale 
societies you have to move to a transcendental 
level of social cognition,” says Bloch.

So, according to Bloch, the thing that was 
stirring in our brains 10,000 years ago and 
that triggered the sudden world domination 
of our species was a significant upgrade  
in human imagination to a level that can 
conceive of the existence of abstract concepts 
like laws, nationality or religion. Since  
then, he says, humans have been using  
their remarkable imaginations to dream  
up and then create social structures and 
institutions, including religion, money,  
laws, nation states, science and much more. 

That is an amazing feat that may explain  
why we alone among the creatures on Earth 
have developed technological civilisations. 

But Bloch suspects there is a subtle 
downside. The imaginary fabric of human 
society makes it inherently fragile, he says. 
“This is only a hunch for now, but I think there 
are moments when suddenly the arbitrariness 
of the system appears.” Legalising gay 
marriage may be one such momentous  
issue for some people, he suggests.

“I’m fascinated by the people who have 
been demonstrating against gay marriage 
in France,” says Bloch. Talking to them, he 
found that “what really worried them was this 
notion that if gay marriage is possible then 
everything will collapse. What I think is going 
on is suddenly an awareness of the imaginary 
nature of the institutions that we live in.”

There is, of course, a very real distinction 
between imagination and the real world. 
Nobody protested when Rorkak and Slockland 
decided to go their separate ways; nobody died 
in the Abix-Rontu war. But the fact that Kevin 
and Simon were able to dream them up at all 
tells us a great deal about what it means to be 
human, and the world we have conjured out 
of mere thought.  ■

Catherine Brahic is a news editor at New Scientist
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Strangest star
We look to the stars to 
understand the universe, 
but even our own sun 
holds plenty of surprises, 
finds Rebecca Boyle

38 | NewScientist | 20 September 2014

BILLIONS and billions of stars fill our galaxy. Many burn bright, destined to become 
supernovae, while others are dim burnouts. They come alone and in pairs; with or without 
planetary companions. We have searched the far reaches of the universe in the hope of 

understanding the stars, but ultimately everything we know is based on our sole reference point, 
the sun. Yet our home star remains plenty mysterious.

“It’s expected that it’s understood, because it’s right there, it’s so close and dominant in the 
sky,” says astrophysicist Eamon Scullion from Trinity College, Dublin, Ireland. “How are we 
going to understand any other aspect of space if we can’t get to grips with the nearest star?”

While we may have to go back to square one, there are things we do know about our sun.  
It is made of plasma – gas that has been ionised, or highly charged. It fuses hydrogen in its  
core. It blasts us with radiation and, crucially, its life-giving light. As stars go, it is roughly 
middle-aged, having been around for 4.6 billion years. And it probably has 5 or so billion  
more to go before it swells into a red giant that consumes Mercury, Venus and Earth.  
Yet strange solar phenomena abound and here are some of the strangest.



It rains on the sun
We know the sun affects weather on Earth and 
in space, but it has its own dramatic weather 
phenomena, too.

“People have this image of a giant ball of  
gas that’s on fire, and everything is streaming 
away from it at thousands of kilometres  
per second,” says Scullion. In fact, the sun’s 
plasma can fall back to the surface as rain.

Though this so-called coronal rain was 
predicted about 40 years ago, we couldn’t  
see or study it until our telescopes became 
powerful enough to spot it happening.  
It works a bit like the water cycle on Earth – 
where vapour warms, rises, forms clouds, 
cools enough to condense into a liquid and 
falls back to the ground as precipitation.  
The big difference is that the plasma doesn’t 
change from gas to liquid, it simply cools 
enough to fall back down to the solar surface. 

This all happens very quickly and on a 
gargantuan scale, with “droplets” the size of 
countries plunging from heights of 63,000 
kilometres – about one-sixth the distance 
from Earth to the moon. “You basically 
generate something the size of Ireland in 
10 minutes, and drop it out of the sky at  
a rate of 200,000 kilometres an hour,” 
Scullion says.

Solar tornadoes also form in a familiar 
fashion. Swirling solar plasma creates a 
vortex, which causes magnetic fields to twist 
and spiral around into a super-tornado that   
reaches from the surface into the upper 
atmosphere. Here they transfer energy  
and help to heat it, or so scientists believe. 

It has long-lost siblings
The sun may be on its lonesome now – its 
closest neighbour is 4.2 light years away –  
but that wasn’t always the case. Once upon  
a time it had close family. After their birth in 
the same cloud of dust and gas that formed 
our solar system, these solar siblings scattered 
hundreds of light years apart in the Milky Way. 
In May, astronomers reported the first one:  
a star called HD 162826.

“It looks like the sun, but a little bit bluer,” 
says Ivan Ramirez at the University of Texas  
at Austin, who led the study. It’s also warmer 
than the sun and 15 per cent more massive. 
The star is about 110 light years away, and you 
can see it with the aid of a pair of binoculars  
in the left arm of the constellation Hercules. 

To find its family ties, Ramirez’s team 
combed through galactic archaeology studies, 
which model the motions of the Milky Way. 
These predictions laid out where sibling stars 
would be now if they had formed in the same 
place as the sun. Though they spread out in 
different directions, their positions still give 
away their birthplace, Ramirez says. 

He narrowed down the search area to 
30 stars, and then looked at them closely to 
find a family resemblance. Only HD 162826 
had a similar chemical make-up to the sun.  
A separate team led by Eric Mamajek at the 
University of Rochester in New York also 
studied the star and found it is the same age  
as the sun, as would be expected for two stars 
born together. Even more tantalising, HD 
162826 is already in a catalogue of stars that 
might harbour planets.

Locating solar siblings could tell astronomers 
new details about the birth of our solar system, 
including what conditions were like when the 
sun and planets formed. But beyond scientific 
curiosity, Ramirez just wanted to find a member 
of the sun’s nuclear family. “It’s a cool thing to 
do,” he says.

He plans to keep looking for more of our 
sun’s lost littermates. Most are probably red 
dwarf stars, which are the most common  
stars in the galaxy. They are smaller and cooler 
than the sun, so they are much harder to find. 
But a new telescope called Gaia, launched last 
December, may help locate more solar siblings 
as it will observe a billion stars to make the 
first 3D map of the Milky Way.

It has a freaky calendar
Our planet’s calendar is well known: it takes  
24 hours to spin once on its axis – a day – and 
365 days to travel around the sun – a year.  
Yet  the sun’s schedule is nothing like ours. 
Different parts of the sun spin at different 
rates. So while a day at the equator lasts 25 
days, regions close to the poles take a few  
days longer to make a complete rotation.   
This uneven spin leads to distortion in the 
sun’s magnetic field, which has knock-on 
effects. As the equator spins, it drags the 
magnetic field that connects the sun’s poles, 
says Alex Young at NASA’s Goddard Space 
Flight Center in Greenbelt, Maryland.  
This results in another strange calendar 
phenomenon: solar maxima and minima.

As the sun’s magnetic field gets wound  
up by the spin “it starts to build tension and 
pressure, much like when you twist a rubber 
band and it knots up”, Young says. Something 
has to give, so the magnetic fields snap and 
release energy in the form of heat, either as 
solar flares or furious clouds of energy called 
coronal mass ejections (CMEs). >

The sun’s magnetic 
field reverses every  
22 years or so
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This cycle, from magnetic twisting to  
energy releasing, happens over roughly 11 
Earth years – giving the sun its own calendar. 
During what’s called a solar minimum, flares 
are few and so are dark patches called sunspots 
that appear on the sun’s surface due to intense 
magnetic fields. 

In solar maxima, more sunspots burst  
over the surface where they spew more flares 
and CMEs. Torrents of charged particles also 
stream through gaps in the sun’s atmosphere 
and across the entire solar system. This can 
affect us, causing blackouts on Earth and 
damaging satellites. But each solar cycle 
varies, and we don’t understand why, which 
makes them and their effects unpredictable. 

says. “When you think about it, it’s such a 
short amount of time, given that the sun has 
been around for 4.6 billion years.” 

It breathes
As the sun follows its 11-year solar cycle, it 
changes, altering its output of solar wind, 
X-rays, ultraviolet and visible light. This has 
the knock-on effect of changing the size of the 
huge magnetic bubble of charged particles, 
called the heliosphere, that the sun blows 
around itself to way out beyond Pluto. 

These changes affect everything from Earth’s 
climate to the Voyager 1 spacecraft, which 
finally entered interstellar space two years ago. 

The sun provides nearly all the energy that 
drives Earth’s climate – 2500 times as much  
as all other sources combined, according to 
Greg Kopp, a solar physicist at the University 
of Colorado’s Laboratory for Atmospheric and 
Space Physics. In past epochs, solar cycles were 
partly responsible for warm periods and mini 
ice ages. Low solar activity drives cold winters 
in northern Europe and the US, and mild 
winters over southern Europe – although 
global warming means globally averaged 
temperatures are on the rise.

We now understand what’s going on a little 
better thanks to a space-borne instrument 
called TIM, launched by NASA in 2003. TIM 
keeps tabs on the spectrum of energy the sun 
emits, and detects subtle changes in energy 
output so scientists can distinguish between 
human causes of climate change and purely 
natural causes we can’t control.

Changes in the sun’s output affect much 
more than just our climate, however. During  
a solar minimum, the solar wind streams from 
the poles at a much faster speed, so there’s 
more pressure pushing against material from 
interstellar space. During solar maxima, the 

The current cycle is unusually calm and  
has been one of the weakest since records 
began in 1755. This is in spite of some major 
solar storms, together with a colossal solar 
flare in 2012, which would have packed  
some punch had it hit Earth.

Predictions just a couple of years ago 
suggested this cycle would be a scorcher, 
which shows just how little we understand 
solar cycles, says Todd Hoeksema,  
a solar physicist at Stanford University in  
California. “It’s like predicting the stock 
market. Past performance is no guarantee,”  
he says. 

After roughly two activity cycles, or 22  
years, the sun undergoes yet another calendar 
change: its magnetic field reverses. North 
becomes south, and vice versa. Earth does  
this, too, but only every 300,000 years or so 
(we are long overdue one). Scientists think the 
sun’s polarity is in the process of reversing 
right now, Young says.

“Why is it 11 and 22 years and not 15 and 30? 
We don’t know the answer to that yet,” Young 
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Much of the energy that heats the corona 
appears to come from the so-called transition 
region – the area between the sun’s corona and 
the next atmospheric layer down. Tornadoes, 
rain, magnetic braids, plasma jets and strange 
phenomena called “spicules” are all thought 
to play a role in this heating process, bringing 
energy from the lower regions of the sun and 
depositing it higher up. But no one knows 
exactly how. NASA’s Interface Region Imaging 
Spectrograph mission has been observing  
 this region since 2013, and physicists like 
Scullion try to simulate these energy 
exchanges using models in the hope that  
they will yield clues that scientists can look  
for on the real thing. 

It’s hard to get there
To truly understand all these solar conundrums, 
we need to get as close to the sun as possible. 
That’s not as simple as flying straight there, as 
the operators of two new spacecraft that will fly 
closer to the sun than ever before are finding. 

Solar Orbiter is a European Space Agency 
mission launching in 2017, aiming to fly  
within 45 million kilometres of the sun.  
It will photograph the sun’s poles for the first 
time, which should help scientists understand 
how the sun generates its magnetic field, and 
may even give insights into why its magnetic 
polarity flips so frequently. By getting a close-up 
view, the probe will also be able to sniff the 

pristine solar wind, before it has reached Earth. 
The main goal is understanding how the sun 
interacts with the environment around it, says 
Tim Horbury, a physicist at Imperial College 
London and the principal investigator on the 
Solar Orbiter’s magnetometer. “The basic 
physics is understood, but a lot of the detail  
is not,” he says. 

NASA’s Solar Probe Plus mission is set to 
launch in 2018 and come even closer, just 
6 million kilometres from the sun’s surface.  
To get there, it will approach in a looping, 
circuitous route, like a matador approaching  
a wary bull. The slow approach is partly  
for safety’s sake: as the probe gets closer, 
scientists can carefully monitor any threats 
from radiation or heat and adjust the 
approach if anything goes awry.

Solar Probe Plus will lap round Venus  
seven times to put it on the right trajectory 
and also to build up speed and momentum  
to slingshot closer to the sun – at its closest 
approach, it’ll zip past the sun at 200 
kilometres per second. 

Shielding a spacecraft from solar radiation 
is one of the most important jobs in spaceflight, 
but it’s even harder when you are sidling up  
to the source. The technology to do it hasn’t 
existed until now, Horbury says. Both craft 
will have beefy heat shields to protect their 
sensitive instruments from searing 
temperatures. 

Both spacecraft will try to answer questions, 
including how the atmosphere is heated and 
how the sun generates its wind. But they will 
still be far from answering everything there  
is to know about our star, says Young. “The 
problem is that you don’t know what you 
don’t know,” he says.  ■

Rebecca Boyle is a freelance science journalist based 
in St Louis, Missouri 
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Solar OrbiterSolar Probe Plus

NASA

Closest orbit 

Launch date

Mission duration

6 million km

July 2018

7 years

45 million km

July 2017

7 years

Sun’s surface

Sun’s corona
Millions of kelvin

5700 kelvin

Solar atmosphere: 
glowing like a Van 
Gogh painting

sun’s magnetic fields are more knotted up and 
not as much wind escapes, so the heliosphere 
contracts. “There’s sort of an 11-year breathing,” 
says Hoeksema.

The solar wind has been 20 to 40 per cent 
weaker than expected this cycle, he says. This 
shallower breath is one reason why Voyager 1 left 
the heliosphere earlier than scientists expected.

It defies thermodynamics
Solar tornadoes are bizarre enough on their 
own, but they might help explain one of the 
sun’s weirdest characteristics: its atmosphere 
is hotter than its surface. At 5700 kelvin the 
sun’s surface is scarcely cold, but it is frigid 
compared to the corona. The highest part of 
the sun’s atmosphere,  more than 1 million 
kilometres above the surface, can reach 
temperatures of several million  kelvin. 

Generally, an object cools as it moves away 
from a heat source; a marshmallow will toast 
faster when it’s closer to a campfire flame than 
further away. But the sun’s atmosphere does 
the opposite. Energy must be flowing into  
the corona, heating it up – but no one knows 
where this energy comes from. “We don’t fully 
understand the physics of what’s going on,” 
Scullion says. 

Computer visualisations might paint a 
clearer picture – and quite artistically, too. In 
one simulation, NASA Goddard astrophysicist 
Nicholeen Viall has coloured data from  
NASA’s Solar Dynamics Observatory (SDO), 
which observed the sun’s coronal plasma in 
10 different wavelengths that each correspond 
to a temperature. The result is a swirling 
movie reminiscent of a Van Gogh painting  
(bit.ly/VanGoghSun). But Viall’s visualisation 
suggested the atmospheric plasma was cooling, 
not heating. This may be because the heating 
is happening faster than SDO can detect.LE
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YOU’VE got aliens inside you. It sounds 
crazy, and for nearly a century science 
steadfastly refused to believe it. 

Mitochondria, tiny bodies that swarm 
inside almost every one of our cells and supply 
them with power, are actually descendants of 
a separate life form: a free-living bacterium 
probably not unlike many of the little terrors 
that surround us today.

Although the idea of this merger is 
now widely accepted, it continues to be 
seen through biased eyes. The hapless 
mitochondrial ancestor was enslaved, 
so the story goes, its once proud genome 
reduced to a few genes and its job limited 
to the provision of energy. Autonomy? 
Long gone. It’s as if we were trying to pretend 
this side of our family tree never existed.

But these residents are becoming 
increasingly difficult to ignore. Far from 
being passive power plants, it seems 
mitochondria influence some of the most 
important aspects of human life – from 
memory and ageing to combating stress 
and disease. They even have influence over 
the DNA in your cell nuclei, and change and 
evolve during your lifetime, giving you an 
unexpected source of adaptability to cope 
with a world in flux. Given what we are now 
finding out about the extent of mitochondrial 
activities, you might be forgiven for feeling a 
bit possessed.

Found in almost every cell of every multi-
celled life form on the planet, mitochondria 
are lozenge-shaped organelles no more than 
1 micrometre in diameter. We inherit ours 
from our mothers in the cytoplasm of the egg 
from which we develop. The number in a given 
cell varies widely depending on the organism, 
tissue type and physiological conditions, with 
some cells having just one and others up to 
several thousand.

That we have underestimated their 
autonomy is not really surprising. The 
mitochondrial genome is puny: in humans, 
it is just 16,569 base pairs long, compared 
with 3 billion in the DNA in our cell nuclei. 
When mitochondria were sequenced in 1981, 
researchers found only 37 genes. Thirteen of 
these encode proteins involved in their most 
essential function: operating the molecular 
assembly line in which oxygen and nutrients >B

R
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are used to make ATP, a vital compound used 
all over the body to store energy and 
subsequently release it. The rest of the genes 
code for proteins involved in making other 
proteins. However, mitochondria require 
hundreds more proteins to function, and 
these are produced by the cell nucleus and 
then imported via the cell’s cytoplasm.

“Everybody acknowledges that 
mitochondria are important, but if you ask 
why, they say they generate energy and receive 
signals from the cell,” says Changhan Lee at 
the University of Southern California, Los 
Angeles. “It’s like an ‘end-function organelle’ – 
a slave organelle that just sits there.”

Dynamic dynamos
Not so, as we are beginning to discover. 
Mitochondria change shape. They migrate 
around the cell. Under certain conditions they 
fuse into web-like networks, swapping their 
contents before dispersing once again as rod-
shaped granules. They multiply when greater 
production of energy is needed, and trigger 
their own self-destruction when damaged.

This is no idle dynamism, either. In the 
brains of mice, for example, the migration 
of mitochondria within individual neurons 
towards the junctions between them, the 
synapses, boosts the transmission of 
electrical impulses. In forgetful monkeys, 
the synapses of neurons involved in 
working memory have fewer mitochondria 
and a greater proportion of irregular-shaped 
mitochondria compared with monkeys with 
sharper mental skills.

We still don’t understand what’s going on 
here, but that mitochondria can influence 
memory is just the latest in a string of 
functions now attributed to them. The first 
inkling that mitochondria are not merely 
one-trick, energy-making ponies dates to the 
mid-1990s, when researchers discovered that, 
by releasing proteins mostly used in their 
ATP-making machinery, they have a hand in 
whether cells live or die – and a fundamental 
role in ageing (see “Engines of youth?”, left). 

Since then, mitochondria have been found 
to produce hemes, proteins that among other 
things are used by haemoglobin to transport 
oxygen. They are also involved in regulating 

“ In many ways, these 
bacterial ‘slaves’ are  
in fact the masters   
of our fates”
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cell division. And, like canny commodity 
traders, they control the availability of 
calcium, which is required in a wide variety 
of processes, from bone growth to the 
activation of neurons. In fact, delve deeper 
into the various tissues of the body, and you 
see mitochondria performing specialised 
functions almost everywhere, from 
synthesising steroids in the gonads to 
detoxifying ammonia in the liver.

But perhaps the most intriguing of  
these newfound mitochondrial functions 
involves a molecule called humanin. 
Originally identified in human brain cells 
more than a decade ago, this small peptide 
helps protect against Alzheimer’s disease  
by preventing beta amyloid proteins  
from destroying neurons. Injections of 
humanin also improve the health of diabetic 
rats and mice by increasing sensitivity  
to insulin, so improving sugar tolerance.  
In mice prone to atherosclerosis, meanwhile, 
humanin reduces the arterial plaques that  
in humans are the number one cause of  
heart disease.

Humanin is secreted by cells, is present in 
the blood, and binds to cell membranes, all 
of which suggests it belongs to a particular 
class of biomolecule. “Essentially you could 
call it a hormone,” says Pinchas Cohen at the 
University of Southern California. The main 
human genome is littered with humanin-like 
sequences, but it turns out that humanin has 
an amino-acid sequence that is an exact match 
for a stretch of DNA nestled within one of the 
genes of the mitochondrial genome. Cohen 
says his lab has recently conducted work that 
supports suspicions that humanin is in fact a 
product of the mitochondrial genome, and 
that the blurrily similar sequences in our main 
genomes are the result of the many times in 
evolutionary history that mitochondrial DNA 
has insinuated itself into the nucleus.

Genes within genes
This might be just the first glimpse into an 
entirely new class of biological signals. “We’ve 
now identified several other new peptides 
within the mitochondrial DNA,” says Cohen. 
“They’re of mitochondrial origin and they 
have distinct and unique biological activity.” 
Although yet to be published, the results make 
sense given the mitochondrion’s origins: 
bacteria are famous for getting the most out 
of small genomes, and one effective strategy 
is nestling genes within genes. Now that 
researchers are giving the mitochondrial 
genome a closer look, there is evidence that we 

may have as many as 500 of these Russian-doll 
genes hidden away in our mitochondrial DNA. 

Adding further to this unfolding picture, 
last year Wei Yan at the University of Nevada 
in Reno and his team reported that 
mitochondrial DNA also generates thousands 
of distinct small non-coding RNAs. These 
molecules are able to influence how the 
nuclear genetic code is expressed through 
processes such as methylation, which alters 
gene activity, thus modifying which proteins 
are produced.

So the picture of the enslaved organelle 
seems to be precisely the wrong way around – 
in many ways, these bacterial “slaves” are in 
fact masters of our fates. “These findings really 
create a new paradigm,” says Cohen. “It 
suggests the mitochondrion is an important 
organelle in terms of initiating biological 
signals.” He is not alone in his interpretation. 
“It gives the mitochondrial genome a 
completely different level of power,” says 
Jonci Wolff, a molecular biologist at Monash 
University in Melbourne, Australia.

Wolff and others are convinced that 
mitochondrial DNA is deeply wired into the 
basic functioning of cells, and probably has 
been from the start – whenever that was. The 
realisation that all eukaryotes – life forms 
consisting of cells with a DNA-based nucleus – 
have or once had mitochondria suggests the 
original incorporation of the bacterium that 
made the mitochondria happened much 

Could your mitochondria help you fight 
ageing? One of the many ways we have 
underestimated mitochondria (see main 
story) is in viewing them as passive victims of 
their own success. As they perform their 
central task of producing power for our cells, 
they also give out charged molecules called 
free radicals. The conventional view is that 
these high energy molecules have destructive 
effects on their surroundings, causing the 
cell’s powerhouses to gradually wear down 
like old kitchen appliances.

While this is true to some extent, it may not 
be the whole story. Free radicals, we now 
know, also perform functions ranging from 
helping stem cell become more specialised 
cells to stimulating immune responses 
against viruses. What’s more, calorie 
restriction and other experimental 
interventions that extend lifespan in animals 
have been found to boost both mitochondrial 
activity and the production of free radicals. 

So it seems that factors generated by 
mitochondria, including free radicals, regulate 
cell processes that can actually protect 
against the ravages of time. This might 
explain why exercise, which increases your 
body’s need for energy, and hence 
mitochondrial activity, is good for you and 
why consuming too many antioxidants – 
molecules that mop up free radicals – could 
cause you harm.

All this adds to a belief that it may be 
possible to slow or even reverse the effects of 
ageing by stimulating mitochondrial activity 
through exercise, diet or drugs. In May 
researchers led by Amy Wagers of Harvard 
University reported that muscles in old mice 
regained their youthful strength and 
endurance following injections with growth 
differentiation factor 11 (GDF-11), which 
seems to remodel muscle fibres by triggering 
the renewal of mitochondria. And in a study 
involving genetically engineered mice that 
normally succumb to rapid ageing because 
they have higher-than-normal accumulation 
of mitochondrial DNA mutations, a team led 
by Mark Tarnopolsky at McMaster University 
in Hamilton, Canada, discovered that five 
months of endurance exercise, consisting of 
45-minute workouts three times a week, 
produced what amounted to a complete 
mitochondrial overhaul. There was no sign of 
the usual excessive build up of mitochondrial 
DNA mutations, and all evidence of early 
ageing failed to materialise.

ENGINES OF YOUTH?
Although all your 
mitochondria (pink) 
derive from a single 
egg cell from your 
mother, the DNA in 
them varies

PR
O

FE
SS

O
R

S 
P.

M
. M

O
T

TA
, S

. M
A

K
A

B
E 

&
 T

. N
A

GU
R

O
/S

CI
EN

CE
 P

H
O

TO
 L

IB
R

A
RY



20 September 2014 | NewScientist | 45

earlier than was thought, at least before the 
evolution of the nucleus some 2 billion years 
ago. One theory is that only by acquiring 
mitochondria was an originally very simple 
host able to overcome the energetic 
constraints that limit genome expansion in 
single-celled life forms. It was this vital merger 
that opened the door to genome complexity, 
which in turn made possible the evolution of 
multicellular life. If so, it suggests that the 
mitochondrion isn’t an evolutionary 

bystander, but a bona fide second genome – 
and even a second source of genetic 
adaptability.

That would be a mind-bender. Like their 
bacterial ancestors, mitochondria lack the 
sophisticated DNA-maintenance tools that 
help limit change in the nuclear genome. 
As a result, mitochondrial DNA picks up 
mutations at a much faster rate. With each 
mitochondrion possessing hundreds of 
copies of the same genome, and hundreds of 
mitochondria per cell, our bodies are a 
constantly changing stew of mitochondrial 
DNA variation. What’s more, a remarkable 
discovery made last year reveals that, contrary 

to what has long been assumed, we are born 
with multiple mitochondrial DNA variations, 
which originate in the egg at the time of 
fertilisation. And, some researchers wonder, 
if mitochondrial DNA really does have such 
wide-ranging effects, might useful 
mitochondrial adaptation occur over much 
shorter timescales than standard genetic 
adaptation?

Supporting evidence for this idea comes 
from recent studies in Tibet, where analysis 
of mitochondria from people living at 
different altitudes has revealed striking 
correlations between certain mitochondrial 
DNA mutations and elevation. Given how 
long these communities have been living at 
altitude, this hints at the possibility of 
mitochondrial adaptation to low-oxygen 
conditions having occurred in time frames as 
brief as centuries.

Another hint comes from research done by 
Bill Ballard at the University of New South 
Wales in Sydney, Australia, which suggests 
that fruit flies are able to survive in different 
parts of the world partly as a consequence of 
mutations in their mitochondrial DNA that 
arose in response to different diets. By raising 
colonies of flies that share the same nuclear 
genome but different mitochondrial DNA 
sequences, Ballard has found that specific 
mitochondrial genomes inevitably rise to 
dominance within a population. Which one 
comes to the fore over the generations 

depends on what the flies have eaten. Ballard 
suspects that the different mitochondrial 
genomes can help flies thrive in different 
environments through the role they play in 
orchestrating fundamental cellular processes, 
such as those controlling the rate at which an 
individual develops.

Rapidly adapted
In humans, it might be that our mitochondria 
evolve beneficial adaptations not just across 
generations, but within our own lifetimes. 
Scott Williams at Vanderbilt University in 
Nashville, Tennessee, and his colleagues 
analysed mitochondrial DNA sequences 
from 10 different tissue types in four human 
volunteers. Each tissue type tended to have 
its own distinct pattern of mitochondrial 
mutations, however, these patterns were 
remarkably similar from one individual to 
the next. The team speculates that specific 
mitochondrial DNA mutations may 
proliferate partly in response to the varying 
needs of cells in different parts of the body. In 
other words, our mitochondria evolve as we 
develop, becoming adapted to the cellular 
environment in which they find themselves.

Given the role of mitochondrial activity in 
common human ailments such as diabetes, 
obesity, atherosclerosis and Alzheimer’s 
disease – and even just the general effects of 
ageing – recognising the true nature of our 
chimeric identity might offer a possible route 
to treating such conditions. But there is also 
a potentially worrying aspect to all this. 
Mitochondria have been in the news lately 
with debates over whether the UK should 
permit the creation of so-called three-parent 
babies – where an embryo is made using the 
nuclear DNA from the mother and father 
transferred into a donor egg with its nucleus 
removed. This would allow a woman whose 
mitochondrial DNA is faulty to avoid passing 
on a serious illness to her child. Most debate 
around the issue has worked on the 
assumption that mitochondria are simply 
cellular powerhouses. However, given their 
new-found influence over our bodies the 
implications of this technology may be far 
more radical than we have assumed.

Whether generating excitement or 
concern, the revisionist view of mitochondria 
is tempered by the reality that researchers 
must now dig in and discover how it all works. 
At the very least, it’s time we invited our long-
neglected interloper back to the table.  ■

Garry Hamilton is a writer in Seattle 

“ It gives the mitochondrial 
genome a completely 
different level of power”
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The Lagoon: How Aristotle invented 
science by Armand Marie Leroi, 
Bloomsbury, £25

EVERY generation 
of biologist  
must rediscover 
Aristotle for itself, 
to paraphrase  
Armand Leroi in a 
BBC documentary,  
Aristotle’s Lagoon. 

Four years on, Leroi, a biologist 
at Imperial College London, has 
written a book with nearly the 
same name. The full fruits of the 
author’s decade of immersion in 
Aristotle, it represents both Leroi’s  
personal discovery of the ancient 
Greek and a quest to recover his 
science for biologists today.

Once a highway, this path has 
been trodden by only a few life 
scientists in four generations. And 
in taking it, the author retraces 
Aristotle’s footsteps to Kalloni 
lagoon on the island of Lesbos, 
where the philosopher studied 
nature, providing charming 
vignettes from his visits there.

There is a serious purpose, too. 
Aware that scientists tend to distort 
past thinkers by imposing present 
conceptions and values on them, 
Leroi argues that today’s biologists 
can think like Aristotle because  
he forged their basic concepts,  
and because nature shows us the 
same phenomena. But to best 
understand Aristotle, a biologist 
must see what he saw in Lesbos.

The Lagoon is an intellectual 
homage – an admiring, deeply 
researched and considered 
reconstruction of Aristotle’s 
thinking about living things.  
The effort to get inside his head 

seems driven by a heartfelt 
sympathy, a sense of wonder 
about life on Earth shared across 
2300 years, and by the modern 
scientist’s urge to give credit 
where credit is due.  

And for Leroi, Aristotle deserves 
credit for nothing less than 
inventing biology – perhaps even 
science. Earlier philosophers, like 
his teacher Plato, deduced stories 
about the fundamental causes  
of natural phenomena from first 
principles. But physicians in the 
empirical tradition, to which 
Aristotle was exposed by his 
physician father, learned how  
to predict the course of disease 
from observation. Aristotle was 
arguably the first to attempt  
an evidence-based natural 
philosophy (or “science”), 
melding empiricism with logic.

The book is structured with 
major sections corresponding to 
topic areas in Aristotle’s work, 
such as taxonomy, nutrition,  
or cosmology, each broken into 
half a dozen short chapters,  
often containing Leroi’s Lesbos 
experiences to make the natural 
phenomena accessible and 
intriguing. For example, we learn 

about the vigorous argument he 
observed among taverna patrons 
over whether sardelles and 
papalinas are really the same  
fish (they look similar but taste 
different, and live in different 
waters). This example of the 
classification problem nicely 
introduces Leroi’s discussion of 
Aristotle’s taxonomic system.

The prose is so lively, the 
thinking so lucid, and the use  
of such devices so artful, one 
might not notice it all adds up to  
a 500-page systematic analysis  
of a massive, dry, sometime 
jumbled philosophical corpus 
from a profoundly alien society. 
That many readers will come  
away entertained, and with even  
a slightly better understanding of 
Aristotle would be a major literary 
feat even if the book did not offer 
significant original contributions. 

But it does. Take Leroi’s account 
of Aristotle’s concept of soul, psyche. 
It is well thought through, closely 
argued on textual evidence, and 
innovative. As my wonderful 
teacher, classicist Arthur Adkins, 
said, psyche was “for Greeks only 
the difference between a dead 
rabbit and a live rabbit”. In other 
words, to explain psyche is to 
explain life. 

Leroi shows that Aristotle was 
no vitalist, in the sense that he 
required nothing more than 
ordinary matter and its properties 
to explain life. He understands 
that for Aristotle the soul was its 
form (eidos, which can also mean 
species), the order of a creature’s 
material – a pattern of activity 
constituting its life.  

Organisation as life is a view 
remarkably close to modern 
biology: for Leroi, biology is all 
about mapping the body’s regular 
material transformations. I am 

sympathetic to his effort to credit 
Aristotle with something very like 
modern biological insights, and 
indeed, I find Leroi’s arguments 
that Aristotle invented the 
concepts of metabolic networks 
and feedback control plausible.

Leroi offers another innovation 
in finding a “dual-inheritance” 
theory in Aristotle’s writing , 
resolving the conundrum of form 
(eidos again) coming only from 
the father and the undeniable 
phenomenon that children 
resemble both parents. Thus, for 

Aristotle the movements of the 
generative fluids of female and 
male can, without major self-
contradiction, transmit details  
of form (like Socrates’s snub  
nose) less significant than those 
defining the species, imparted  
by the father. 

Elsewhere in Leroi’s discussion 
of reproduction, we read: “What is 
the immediate source of the 

CULTURELAB

Science’s true begetter?
Aristotle deserves our homage, finds Nicolas Rasmussen

Kalloni lagoon, Lesbos, where 
Aristotle studied the natural world

“ Today’s biologists can 
think like Aristotle  
because he forged  
their basic concepts”
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design that we see in living 
things? It is the information that 
they inherit from their parents.” 
Or, to paraphrase the BBC 
documentary again, Aristotle 
taught that material self-
assembles into organisms only 
with the help of information.

Here Leroi goes too far. Despite 
acknowledging the danger of 
anachronism, he is actually 
likening the Aristotelian concept 
of eidos to modern biology’s 
notion of genetic information. 
Biology’s concept of information 
is less than a century old, deriving 
from computer science. Psyche, 
the realisation of a creature’s 
eidos, was an activity, more like an 
oscillation than a formula or code.

Furthermore, the Greeks did  
not have the problem vitalism  
and materialism both answer.  
Our premise that ordinary matter  
must be utterly passive stems from 
Reformation Christianity. Without 
this expectation, the difference 
between dead and alive is not as 
radical as we perceive. For ancient 
Greeks, all matter was dynamic, 
living matter only more so.

From this perspective we  

Planet of the Bugs: Evolution and the 
rise of insects by Scott Richard Shaw, 
University of Chicago Press, $27.50 

Bob Holmes

THE evolutionary 
history of life on 
Earth is usually 
told from a 
vertebrate-centric 
point of view: the 
progression from 
fish to amphibians 

to reptiles to mammals to apes, 
culminating with humans. 

But Scott Richard Shaw wants 
none of that. Mammals, he writes 
in Planet of the Bugs, are “just one 
unlikely sidebar on the history  
of life”. The main story is about 
the millions of species of insects 
that dominate the planet, both  
in number and in ecological 
importance. So Shaw provides 
an insect-centred view of life’s 
evolution. Chapter by chapter,  
he moves through the great 
geologic periods, providing each 
one with an entomological spin.

Thus the Silurian period, 
traditionally regarded as an “Age 

of Fishes” is recast as the time 
when insects’ ancestors became 
the first animals to venture on to 
land. The Jurassic, famed for its 
huge, long-necked dinosaurs, 
achieves its real fame for Shaw as 
the birthdate of wasps, a vastly 
more diverse group of animals.

As he describes this buggy 
flowering of life, Shaw manages  
to introduce us to most of the 
major groups of insects, so  
that his chronological story 
becomes a taxonomic one as  
well. Although he occasionally 
gets a bit technical – assuming 
readers will understand terms  
like “stromatolite” and “vascular 
plant” – most of the book is 
accessible and entertaining. 

Now and then, Shaw’s  
unusual perspective on life can  
be delightfully askew: why, he 
asks, do we give our loved ones 
flowers instead of stink bugs, 
when many of the latter are just  
as colourful and sweet-smelling? 

Overall, readers should come 
away with a deeper appreciation 
of insect diversity, and a fresh 
regard for evolution’s sweep.  ■

Bob Holmes is a consultant for 
New Scientist 

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

A bug’s view
From wasps to stink bugs, what’s not to love  
about the entomological world?

can see why Aristotle accepted 
spontaneous generation without 
anxiety: putrefying matter, 
already seething with change, 
could accidentally fall into self-
perpetuating patterns of activity 
and thus spin off organisms –
maggots in corpses or oysters in 
mud. Insufficiently attuned to the 
animism (or more accurately,  
hylozoism) of the Greeks, Leroi 
unfairly scolds Aristotle for 
inconsistency with his own 
metaphysics and his mature 
theory of reproduction. 

Such quibbles are not meant  
to detract from this marvellous 
book. Leroi’s Aristotle is a fit hero 
for the biological century, and  
The Lagoon is a work as important 
to a historian and philosopher  
of science as it is informative to a 
biologist and entertaining to the 
general reader. As compelling as 
Stephen Jay Gould’s best work, it 
will long outlast most nature 
writing of recent years.   ■

Nicolas Rasmussen is professor of 
history and philosophy of science at  
the University of New South Wales, 
Sydney, Australia

Why do we give flowers to loved 
ones rather than stink bugs? 
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Plants: From roots to riches by Kathy 
Willis and Carolyn Fry, John Murray, £20 
Plants: From roots to riches BBC Radio 
4, 25-part series 

WHAT underpins 
the internet, the 
humble tyre and 
the mackintosh? 
More critically, 
what gives us 
medical mainstays 
like morphine, 

aspirin and quinine, or future 
hopefuls to treat cancer, dementia, 
arthritis or HIV and AIDS?

It is, of course, that Cinderella 
of sciences: botany. And in Plants: 
From roots to riches and a 25-part 
BBC Radio 4 series, Kathy Willis, 
director of science at the UK’s 
Royal Botanic Gardens at Kew, 
and writer Carolyn Fry flag up 
its contributions, taking us on 
a stroll through Kew, pausing in 
its magnificent glasshouses to 
experience other climes and times. 

The result is an aesthetic, 
historical and scientific journey 
through the flowering of botany 
as a science. And for a reader, 
the beautifully illustrated book, 
replete with botanical plates, 
scientific engravings and fine 
photographs, is nearly as much 
of a treat as a visit to the gardens. 

Better still, its content is 
delivered in such an easy-going 
way that you imbibe it without 
realising. And unusually, the 
series is available permanently 
on the BBC’s website. If the book 
and series are intended as botany 
propaganda, then all parties clearly 
understand their audience. 

The book roughly follows a 
chronological path, starting with 

such treasures as the world’s 
oldest pot plant – a cycad from 
an ancient group that outlived 
the dinosaurs and has been 
housed at Kew since 1775. It moves 
on through Kew’s expansion, in 
parallel with the British Empire, 
to modern research into genetic 
modification and “ecosystem 
services” – the contribution of 
habitats to society through, say, 
preventing soil erosion. 

There is a gentleman-scientist 
feel to the early part of the book. 
Like much research into natural 
sciences, botany was the preserve 
of the upper classes who had the 
time and money: only gentleman 
titans of 18th and 19th-century 
science like Joseph Banks could 
push botany forward.  

But women scientists and lower 
class “plant collectors” did make 
great contributions to the field. 
Beatrix Potter, for example, 
showed how lichens are formed 
from algae mixed with fungi. But 
in late 19th-century London, her 

work had to be presented to the 
Linnean Society by a man. Though 
later proved right, a disillusioned 
Potter never finished her paper, 
and turned to children’s books. 

Empire is never far away. As 
Willis explains in one of the 
15-minute radio programmes: 
“England was consumed by 
exploration, Enlightenment and 
conquest. One of the results was a 

vast influx – a tsunami – of species 
from all over the world.” Kew 
became, and still is, say Fry and 
Willis, “a central clearing-house 
for both ideas and specimens”.

The fervour for collecting grew – 
and with it the risks. Collectors 
smuggled plants, died of tropical 
diseases and, in one case, nearly 
triggered a war when former Kew 
director Joseph Hooker ventured 

into Tibet to collect rhododendron 
seeds, against stipulations by  
the Rajah of Sikkim not to stray 
outside the Indian state.

Fast forward and the focus shifts 
to the value of biodiversity and 
the vulnerability of monocultures 
to disease. Beyond their value as 
carbon sinks, or medical plunder, 
plants are now seen to have value 
in terms of the vast gene bank 
they represent for crops, their 
ecosystem services and as 
“natural”, spiritual capital.

Of the riches on offer, I prefer 
the book. When a sugar-starved 
Charles Darwin (under doctor’s 
orders) received from Hooker a 
gift of the then exotic bananas 
grown in Kew’s hothouses, he 
wrote: “You have not only rejoiced 
my soul, but my stomach.” For me, 
a tale of Kew and the blossoming 
of botany cannot be told without 
rejoicing my eyes.  ■

Shaoni Bhattacharya is a consultant 
for New Scientist

CULTURELAB

A paean to plants
From raincoats to medicines to sheer delight. Shaoni Bhattacharya discovers botany

Part of the Empire: the Palm House 
at Royal Botanical Gardens, Kew

“ Collectors smuggled 
plants, died of tropical 
diseases and, in one case, 
nearly triggered a war”
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For 24 years, The Great Courses has brought the 
world’s foremost educators to millions who want to 
go deeper into the subjects that matter most. No 
exams. No homework. Just a world of knowledge 
available anytime, anywhere. Download or stream 
to your laptop or PC, or use our free mobile apps 
for iPad, iPhone, or Android. Nearly 500 courses 
available at www.TheGreatCourses.co.uk.

The Great Courses®, Unit A, Sovereign Business Park, 
Brenda Road, Hartlepool, TS25 1NN. Terms and conditions 
apply. See www.TheGreatCourses.co.uk for details.

How Ideas Spread
Taught by Professor Jonah Berger
THE WHARTON SCHOOL
UNIVERSITY OF PENNSYLVANIA

LECTURE TITLES

1. Social Epidemics—
Why Things Catch On

2. The Basics of Consumer Psychology

3. The Impact of Triggers on 
Consumer Choice

4. Simple Rules to Make Ideas Stick

5. The Social Infl uence of Conformity

6. The Social Infl uence of Divergence

7. Word of Mouth—
Powerful and Persuasive

8. The Social Currency of Shared Ideas

9. Messages That Go Viral

10. Social Networks—
Channels of Infl uence

11. Social Infl uencers—Myths and Science

12. Tracking Results—Big Data, Little Data

How Ideas Spread
Course no. 5332 | 12 lectures (30 minutes/lecture)

What Factors Make 
Something Go Viral?
Anyone who has something to sell, a cause to promote, or a message 
to spread knows that there are obstacles in creating a message that 
resonates, spreads, and sticks to make their product or idea the word on 
the street. Enormous sums of time and money have been spent trying 
to answer the question of why some ideas catch on while others fade.

Now, in How Ideas Spread, see what researchers studying the science 
of social transmission have discovered, and learn specific techniques that 
can be applied in your personal and professional life to make your ideas 
spread. Taught by Professor Jonah Berger—a best-selling author, expert 
in social dynamics, and faculty member at The Wharton School of the 
University of Pennsylvania—this enlightening course draws on lessons 
from business, social psychology, economics, and popular culture. Let 
Professor Berger open your eyes to the power of contagious ideas.

Off er expires 28/09/14
THEGREATCOURSES.CO.UK/5NSC
0800 298 9796
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The University of Edinburgh is an exciting, 

vibrant, research led academic community 

offering opportunities to work with leading 

international academics whose visions are 

shaping tomorrow’s world.

Deputy Laboratory Manager
£31,342 - £37,394

The Wellcome Trust Clinical Research Facility Mass Spectrometry Core 

Laboratory requires a Deputy Core Manager to assist in the effi cient 

operation of a busy Core Service. The role will involve supervision and 

execution of projects utilising quantitative LC and GC MS/MS for projects 

requiring chemical analysis in support of biomedical research. You should 

possess considerable experience as an analytical chemist, specifi cally 

related to mass spectrometry, and knowledge of GLP requirements is 

desirable. The post will require excellent communication and project 

management skills. Ability to work as part of a team and supervise junior 

staff is essential. 

The post is fi xed term for two years pending successful probationary 

review. Future funding will depend on productivity in post. 

Apply online, view further details or browse more jobs at our website. 

Ref: 031112. Closing date: Tuesday, 23 September 2014.

The University of Edinburgh

www.ed.ac.uk/jobs

Committed to Equality and Diversity

The University of Edinburgh is a charitable body, registered in Scotland, 

with registration number SC005336.
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science & research jobs
Let New Scientist Jobs connect you 
with the top STEM employers
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Rapid expansion creates new opportunities

Microtest Diagnostics develops and commercializes high quality, clinically 

validated protein microarray technologies in the form of in vitro diagnostic 

devices. Microtest Diagnostics’ products are aimed towards the point of care 

market and serve to empower primary and secondary care physicians with 

effective and safe technologies to improve health outcomes. Originally a spin 

RXW� IURP� ,PSHULDO�&ROOHJH��ZH�DUH�EDFNHG�E\�D� VLJQL¿FDQW�QXPEHU�RI�PDMRU�

investors and achieved CE mark for our allergy diagnostic early in 2014.
 

Microtest Diagnostics currently operates in the UK, US, Scandinavia and 

Germany, with plans to expand operations into other territories in Europe, Asia 

and RoW. In order to achieve this, Microtest Diagnostics is seeking to scale 

up its operations and has a number of vacancies in its Research, Quality & 

Manufacturing functions, based at our new facilities in White City.
 

R & D - Senior Research Scientists

A key role within R & D providing autonomy to deliver on agreed research 

milestones within our programme as we seek to enhance our IP portfolio.

3K'�TXDOL¿HG�ZLWK�DW� OHDVW���\HDUV�RI�SRVW�GRF�H[SHULHQFH� LQ�PXOWLSOH[� ODE�

RQ�D�FKLS� SODWIRUPV��<RX�ZLOO�KDYH�D�PLQLPXP�RI��� \HDUV� VXFFHVVIXO� FDUHHU�

development in immunology or immunoassay research, which must include 

H[SRVXUH� LQ� D� FRPPHUFLDO� HQWHUSULVH�� <RX� ZLOO� UHTXLUH� H[WHQVLYH� H[SHUWLVH�

LQ� ELRFKHPLVWU\�� ELRVHQVRUV�� LQNMHW� DQG� FRQWDFW� SULQWLQJ� WHFKQRORJ\� DQG�

PLFURÀXLGLF�GHYLFHV�

Proactive, self reliant with excellent communication skills you will see this as 

D�VLJQL¿FDQW�FDUHHU�RSSRUWXQLW\�WR�PDNH�\RXU�PDUN�LQ�D�IDVW�PRYLQJ�FRPSDQ\�

To assist with our expansion in ROW, and especially the key market of China, 

ZH�DUH�VHHNLQJ�RQH�DSSRLQWPHQW�ZKHUH�WKH�FDQGLGDWH� LV�ÀXHQW� LQ�0DQGDULQ��

Other language skills would also be desirable    

Quality – Quality Control (QC) & Quality Assurance (QA) Assistants

7ZR�HQWU\�OHYHO�SRVLWLRQV�IRU�VFLHQWLVWV�ORRNLQJ�WR�SURJUHVV�D�FDUHHU�LQ�4XDOLW\�

Control and Quality Assurance. These positions will focus on the maintenance 

and improvement of the Microtest Diagnostics quality system, and provide 

technical and administrative support across all functions on quality issues.

<RX� VKRXOG� SRVVHVV� D� ¿UVW� GHJUHH� LQ� /LIH� 6FLHQFHV� ZLWK� NQRZOHGJH� RI�

chemistry, immunology and immunoassays and a minimum of 1 year’s 

previous Quality Control experience coupled with cGDP / cGMP exposure (for 

QC Assistant) and/or a minimum of 1 year’s previous QMS documentation 

experience coupled with cGDP / cGMP exposure (for QA Assistant) preferably 

LQ�D�PHGLFDO�GHYLFH��ELRWHFK��SKDUPD�RU�UHODWHG�¿HOG��<RX�VKRXOG�EH�RUJDQLVHG�

and structured in your thinking, with strong verbal and written communication 

skills, with supreme attention to detail.

Manufacturing – Senior Laboratory/Manufacturing Technician 

A senior role responsible for ensuring the continual high quality manufacture 

of Microtest Diagnostics’ Bioware. Working in a clean room environment, you 

will be working to cGMP standards at all times and complying with our quality 

procedures. 

<RX�VKRXOG�SRVVHVV�D�GHJUHH�RU�0DVWHU¶V�LQ�/LIH�6FLHQFHV��FRXSOHG�ZLWK�PRUH�

than 3 years of previous experience in a laboratory environment preferably in a 

SURGXFWLRQ���PDQXIDFWXULQJ�GHSDUWPHQW��F*03���,62������HQYLURQPHQW���<RX�

will have a deep knowledge of chemistry, immunology and immunoassays, 

with experience of preparing solutions/buffers and of using common laboratory 

instrumentation (e.g. pipettes, pH meter, spectrophotometer). Experience in 

manufacture of microarrays would be a distinct advantage.

We offer attractive remuneration packages, plus the opportunity of contributing 

to the launch and development of what will be a truly global business, making 

a real impact on the health and well being of individuals. We are a young, 

dynamic company unburdened by layers of bureaucracy where decisions are 

made quickly, and you will work with highly competent, focused colleagues in 

a collaborative team environment.  

If that challenge is attractive to you, then please submit your CV plus covering 

OHWWHU��SUHIHUDEO\�E\�H�PDLO��LQGLFDWLQJ�WKH�SRVLWLRQ�RI�LQWHUHVW�WR�

(�PDLO��careers@microtestdx.com

0LFURWHVW�0DWULFHV�/LPLWHG��/HYHO����%ORFN�&�����:RRG�/DQH��:����6%�/RQGRQ��8.

7HO��020 3637 1102������������������������������������:HE��www.microtestdx.com

&ORVLQJ�GDWH��22nd September 2014 

Clinical Physiologist
Full-time, Permanent Contract

Band 7 £30,764 - £40,558 pa Ref: 337-REC2340

We seek to appoint a Gastrointestinal Physiologist. This post is suitable for 

candidates interested in pursuing a career as a GI physiologist and/or 

those with previous experience/training in GI physiology or GI nursing. 

You will ideally be or working towards being an Accredited Independent 

Practitioner with the Association of Gastrointestinal Physiologists and 

eligible for State Registration with the Registration Council for Clinical 

Physiologists.

You will be expected to undertake the following investigations: 

oesophageal manometry, 24-hour ambulatory oesophageal pH monitoring, 

anorectal manometry and hydrogen breath tests. Training will be provided 

if necessary. There is a responsibility for the day to day running of the Unit 

depending on experience.

The Sir Alan Parks Physiology Unit based at St Mark’s Hospital is a world 

leader in functional upper and lower gut disorders, developing new diagnostic 

techniques, as well as pharmacological, surgical, minimally invasive, 

psychological and behavioural treatments. Oesophageal, gastric, intestinal 

and anorectal testing is combined with innovative treatments, provided 

within skilled multidisciplinary team. In addition to clinical excellence, the 

Unit has an ongoing active research and teaching programme. 

Informal enquiries are welcome by contacting Miss Vaizey, Consultant 

Surgeon and Chairman of Surgery and Director of the Sir Alan Parks 

Physiology Unit, St Mark’s Hospital on 020 8235 4165 or Dr Naila Arebi 

Consultant Gastroenterologist on 020 8235 4084.

For a job description and to apply online, please visit NHS jobs website 

https://www.jobs.nhs.uk/ and quote the reference number 337-REC2340.

Closing date: 25 September 2014.

The Trust is committed to equality, diversity and improving the working lives  

of all our staff.

Located in Harlow and Cambridge, Argenta and BioFocus are part of the Charles River Group and 
provide a full suite of drug discovery services from target discovery through to the delivery of 
clinical candidates to a broad range of pharmaceutical and biotechnology companies. Our in vitro 
expertise includes medicinal chemistry, target discovery and validation, and complex in vitro biology, 
as well as therapeutic area expertise in respiratory, infl ammation, oncology, and CNS diseases.

As a result of the expansion of our biology groups across both sites, we are now looking for 
experienced biologists to join our assay development and screening teams.

At our Harlow and Cambridge sites we have vacancies for biochemists, molecular biologists 
and cell biologists to work on targets in our drug discovery programs covering a range of 
therapeutic areas. You will develop assays to identify novel molecules active against those targets 
and to characterize the in vitro biological properties of lead molecules.

At our Cambridge site we are also looking for assay scientists and electrophysiologists to 
join our high throughput screening and ion channel teams. The roles will encompass assay 
development, hit fi nding and lead optimization. Experience with a variety of assay platforms and a 
working knowledge of high throughput automation would be an advantage.

You will be qualifi ed to degree or PhD level, with relevant industrial experience in drug discovery. 
The ideal candidates will be fl exible and able to adapt to a fast-paced, dynamic work environment. 
We are looking for candidates with excellent team working, communication, multi-tasking and 
data analysis skills.

For more information about these 
and other vacancies, including in 
ADME/PK, and to apply please 
visit our careers website: 
jobs.criver.com/england/england-jobs

Exciting 
opportunities 
for Biologists in 
Drug Discovery...
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ERS HELPS you to become  
a leader IN RESPIRATORY RESEARCH

ERS/EU RESPIRE2 POST-DOCTORAL FELLOWSHIPS PROGRAMME:

• supports the most talented scientists to strengthen the respiratory specialty
• increases transnational mobility by accessing some of Europe’s top centres
• increases career development and networking opportunities
• offers attractive post-doctoral funding (€64,600 per fellow-year) and excellent working conditions

ERS/EU RESPIRE2 FELLOWSHIPS PROGRAMME

ERS/EU RESPIRE2 post-doctoral Fellowship opportunities in the broad field of respiratory science co-funded 
by the European Union. The programme is aimed at experienced researchers from any discipline and will help 
fellows to become the future leaders in respiratory research.

DEADLINE 2nd CALL FOR ONLINE APPLICATION   31 October 2014

ERSNET.ORG/FELLOWSHIPS

APPLY FOR AN ERS/EU RESPIRE2 FELLOWSHIP AND FURTHER your career!

This project has received funding from the European Union’s Seventh Framework Programme for research,  
technological development and demonstration under grant agreement no PCOFUNDGA-2012-600368.
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SHAPE DRUG MANUFACTURING AT A STATE-OF-THE-ART SITE
BARNARD CASTLE, COUNTY DURHAM

Would you like to be part of a science-led, global healthcare company? Are you ready to develop your career with a business that researches and develops 
a broad range of innovative medicines and brands? Then you should talk to GSK. Our products are used by millions of people around the world, helping 
them to do more, feel better and live longer. 

Our state-of-the-art facility at Barnard Castle is an integral part of our Global 
Manufacturing and Supply (GMS) organisation. It’s here that we are now 
looking to strengthen the Technical team that supports our Biopharm, 
Steriles and Inhalations Business Unit.

Are you educated to at least degree level (BSc or equivalent) in a related 
scientific or technical discipline? Do you have theoretical knowledge 
combined with practical hands on experience of drug product 
manufacturing? Can you demonstrate exceptional communication  
skills alongside high energy and drive for excellence?

Product Family Owner 
As one of our Product Owners, you’ll have a critical role within New Product 
Introduction (NPI) and be accountable for the maintenance of a product or 
product family. This encompasses hands-on knowledge of the equipment, 
manufacturing process, the product critical quality attributes (CQAs) and 
critical process parameters (CPPs). You’ll manage technology transfer for 
respective products from R&D into GMS and subsequent transfers to  
other sites. 

You’ll be expected to drive process improvement and cost reduction 
initiatives, providing technical coaching to other staff and troubleshooting 
technical issues.

Process Technologists
As a Process Technologist within our high-calibre technical team, you will 
provide technical support for a defined production area. This will involve 
provision of a troubleshooting service, working on technical projects and 
supply of technical data. Work will be undertaken in laboratory, pilot plant 
and production environments and conducted in compliance with specified 
GMP and EHS standards.

If you meet our criteria, you can expect ongoing training and the scientific 
freedom to develop your experience and career in a stimulating and 
forward-looking environment. 

To find out more and apply please visit www.gsk.com/careers. click 
“Search jobs and apply”, then Search by the following IDs:

100160 - Product Family Owner 
100161 - Process Technologists

Why  
 GSK?
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The RAD Awards | 29 January 2015 | Grosvenor House, London

radawards.com

THE CATEGORIES ENTER 
TODAY
ENTRY DEADLINE: 
10 OCTOBER 2014

#RADS2015 
 @TheRADawards

» Audio Visual 
» Best Integrated Campaign
» Best Print Advertisement
» Best Use of Mobile 
» Best Use of Social
» Candidate Engagement
»  Candidate Interaction  

(Gamification, Competitions)
» Diversity and Inclusion Initiative
» Employee Engagement

» Employer Brand
» Employer Website
» Graduate Campaign
» Graduate Website
» Innovation
» Outdoor, Events and Experiential
» Recruitment Literature
» School Leaver/Apprenticeship Campaign
» Work of the Year

HEADLINE SPONSORS SPONSORS

RESPECTED  
FOR A REASON.



56 | NewScientist | 20 September 2014

We asked Richard Fifield, who was 
an editor here from early days. He can 
recall no such cover-based giveaway, 
but says that in the early days, Digby 
Shuttleworth, our wonderfully named 
ad chief at the time, used to give the 
strange stuff to potential advertisers 
as a promotional gimmick – “which 
Digby said worked very well”.

FEEDBACK warmly welcomes 
Dreadnoughtus schrani to the 
great family of Stupendosaurs 
(13 September, p 17). Reader 
Stephen Symons alerted us  
to the Canadian Broadcasting 
Corporation describing the beast  
as weighing “as much as a herd  
of elephants”. So did The Times 
newspaper and hundreds of other 
media quoting a Reuters story.

Would that be a metric herd, we 
wondered? No. The original press 
release from Drexel University 
in Philadelphia quoted their 
Kenneth Lacovara describing 
Dreadnoughtus as weighing 

“as much as a dozen African 
elephants”. Were it fully grown, 
however, the specimen could 
probably easily have outweighed 
a hexadecimal herd.

DISAPPOINTMENT is the emotion 
expressed by Roderick Ramage at 
Feedback’s “Dan Brown-like failure”  
to mention the book The Meaning  
of Liff in our note about the activity  
of “naming concepts, situations or 
phenomena that currently do not 
have a concise handle”. We decided 
to call the product of this activity 
nomennomenclature (26 July).

The aforementioned book by John 
Lloyd and the late Douglas Adams 
indeed produces much of this, with 
the twist that all the names are 
place-names. But as far as we recall, 
it does not name its own activity.

We cannot, however, be sure, 
because we have a severe case of 
Vange. We define that as the condition 
of watching visitors surveying our 
bookshelves – presumably to get the 
measure of us – and having to explain 
that previous so-called friends have 
filched all the better and more 
definitive books over the years.

AMONG the responses to our 
article on the future of the nation 
state (6 September, p 30) was one 
from Brian Horton. He proposes 
that people’s multiplicity of 
identities can be democratically 
recognised by each of us having 
three votes: representation by 
place, by occupation and by other  
interests. “Maybe,” he suggests, 
“we could have a member 
[of parliament] to represent 
New Scientist readers.”

Funny you should mention 
that, Brian. Feedback recently 
mentioned the astrologophile 
member of the UK parliament 
David Tredinnick (30 August). 

At the time we had quite 
forgotten that at the UK general 
election on 6 May 2010, science 
writer Michael Brooks, of this 
manor, stood as a Science Party 
candidate in Tredinnick’s 
Bosworth constituency (24 April 
2010, p 22). We don’t feel too bad, 
relatively speaking: just 197 voters 

remembered on the day. Now 
we’re wondering what to do for 
next year’s general election…

THINKING for some reason of snake 
oil, Feedback is reminded of Nick 
McNamara’s report that a sales-
creature for a company selling solar 
panels told him on the telephone that 
their panels were “up to 80 per cent 
efficient”. It is precisely because we 
are sure that solar energy has an 
important contribution to make to the 
mix of future energy sources that we 
are irritated by such thermodynamic 
illiteracy tarnishing its reputation.

We suspect that the structure of 
the market interventions designed  
to encourage new solar installations, 
while abjuring overt state direction, 
have something to do with the influx 
of high-pressure sales. What is to be 
done? How would the Science Party 
tackle this?

FINALLY, over a colleague’s 
shoulder we glimpse a mention of 
children’s imaginary friends (see 
page 32). We recall that someone 
quite prominent once made the 
declaration – provocative to 

theorists of knowledge and of 
consciousness – that “I was an 
imaginary friend”. Was it the late, 
eccentric Vivian Stanshall? The 
internet knoweth it not, but hath 
discussion of people who buy 
imaginary “Facebook ‘friends’”.

Does any reader still have the 
relevant book, or vinyl record?

For more feedback, visit newscientist.com/feedbackFEEDBACK

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

Robert Wright’s supermarket had sold out of the 
cake he sought: “Please call back earlier”, a sign 
suggested. He would now like to call back in a 
year when an independent bakery stood there
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WHAT products, Feedback asked, 
“might contain, and proudly proclaim, 
‘weird science’?” Opening a message 
from Brian Burbage, we realised we’d 
rather set ourselves a trap. The term 
“weird science”, he writes, “could  
be used to describe a promotional 
campaign utilised by a new weekly 
publication that I remember from my 
youth”. The weird science in question 
was demonstrated by “Silly Putty”. 
This wonder of materials science – 
specifically that of silicone polymers – 
bounces when dropped but shatters 
when hit with a hammer. Left alone 
long enough, it forms a puddle.

Brian recalls said publication 
enclosing a piece of said Silly Putty 
with an early issue “to show just how 
weird science could be”. We weren’t 
sure. New Scientist was launched in 
1956. Surely such “cover mounts” 
were an innovation of the comic books 
of the 1970s, following the invention 
of a machine that meant they no 
longer had to be attached by hand, 
at significant cost?



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

can also be induced by the drop  
in blood pressure experienced 
when we stand up too quickly,  
or by consuming psychedelic 
drugs such as LSD or psilocybin.

Perhaps the question should 
be turned on its head. Why 
should it be dark when we close 
our eyes? After all, infrared 
radiation (heat) from the eye 
typically accounts for about a 
million times more energy than 
visible light streaming through 
our pupils when our eyes are 
open. It turns out that infrared 
photons do not have sufficient 
electromagnetic energy to be 
detected at the retina.
Mike Follows
Sutton Coldfield, West Midlands, UK

■  While potholing in Australia 
I was in a cavern when the guides 
told us to switch off our helmet 
lamps. They explained that if we 
waved our hands in front of our 
faces we’d notice a pattern which 
we might believe is caused by our 
hands moving. They went on to 
explain that as there was no light 
in the cavern we were not seeing 
anything. Instead it is our brains 
filling a void by creating some 
form of hallucination. Perhaps 
the questioner’s experiences  
are similar to this.
Nicholas Wintle
By email, no address supplied

Salt-licker
I like eating salt straight from the 
salt cellar, but my mum says it’s bad 
for me. But if it’s bad for me, why  
do I like it?

■  Like many things, salt is only 
bad in excess. Too little salt also 
causes health problems. Because 
salt was in relatively scarce supply 
away from the coast, early humans 
typically suffered more from a 

lack of salt than from too much of 
it. Hence our ancestors acquired  
a strong craving in order to make 
them seek it out. Many other 
animals also go to great lengths 
to seek out salt licks to meet their 
dietary requirements. 

Humans are among a small 
group of mammals that can 
produce large amounts of sweat 
to keep cool – horses can too.  
This allowed early humans to  
use “persistence hunting” to  
run down their prey. 

To avoid overheating during 
a long chase, four-legged prey 
animals are forced to slow  
down in order to pant, allowing 
the human hunter to close in 
for the kill. But one cost of this 
hunting method is that sweating 
results in the loss of salt from our 
bodies. So it is possible that our 
salt cravings may have needed  
to be even stronger than that of 
many other animals.

Unfortunately, it has only been 
a relatively short time since we 
acquired the ability to obtain 
salt easily. 

Given that the ill health caused 
by too much salt is a long-term 
effect that does not greatly affect 

our likelihood of bearing children, 
there is little pressure from 
natural selection to cause us to 
evolve out of our salt craving.  
So we continue to seek it, even 
when we are causing ourselves 
long-term harm. 
Simon Iverson
Callaghan, New South Wales, 
Australia

This week’s 
questions

SCAREDY CATS
How do ultrasonic devices built 
to scare away animals such  
as cats work? Do they mimic a 
high-pitched sound known to 
scare such animals, or do they 
scare them simply by their 
loudness? Perhaps it is just that 
the sound annoys the animals  
as much as it annoys me.
Lewis O’Shaughnessy 
Salisbury, Wiltshire, UK

SPOT OF TROUBLE
Adolescent humans get acne, 
caused at least in part by 
hormonal changes. Adolescents 
of other species must undergo 
similar hormonal changes but 
don’t appear to get acne. Why not?
Keith Marshall
Greenford, Middlesex, UK

BOWLED OVER
Water moves about in my toilet 
bowl when it’s windy outside. 
Why?
Tony Sandy
Kilmarnock, Ayrshire, UK

The writers of answers that are 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. Please include a 
daytime telephone number and an email 
address if you have one. New Scientist 
retains total editorial control over the 
published content.

Reed Business Information Ltd 
reserves all rights to reuse all question  
and answer material that has been  

submitted by readers in any medium  
or in any format and at any time in the 
future.

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. 

“ Isaac Newton risked 
blinding himself by taking 
his investigations into 
vision a step further”

“Humans are among a small 
group of mammals that can 
produce large amounts of 
sweat to keep cool”

The latest book: packed full  
of wit, knowledge and  
extraordinary discovery

Available from booksellers and at newscientist.com/dolphins

Will we 
ever speak 
dolphin?

Night vision
If I keep my eyes closed when in a dark 
room, I start to see lights. They occur 
in two forms: bright sparks like stars  
in a night sky and, after a while longer, 
irregular patches of blue/purple 
that coalesce into rings that get 
progressively smaller until they 
disappear, only to be replaced by 
another similar patch. The patterns get 
more complex as time goes on. The 
lights disappear when I open my eyes 
and admit the faint light of the room. 
Are these experiences universal, and 
how do we explain them?

■  This phenomenon is called  
a phosphene and arises because 
our visual system never shuts 
down. Even in the absence of 
photons, and when our eyes  
are closed or when we are  

asleep, the neurons in our visual 
system are constantly firing. 

“Seeing stars” can also be 
caused by a blow to the head or 
other mechanical stimulation, 
like rubbing our closed eyes 
when tired. 

Isaac Newton risked 
blinding himself by taking his 
investigation into vision a step 
further. His notebooks (bit.ly/
NewtonNotes) reveal he distorted 
the shape of one of his eyeballs 
by poking a bodkin between it 
and his eye socket, and noted the 
patterns he observed. Patterns  




