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LEADERS

WE SAID it had a distinctly “too 
good to be true” feel about it. Now 
research describing a simple way 
of producing embryonic-like stem 
cells is being investigated over 
“inconsistencies”.

It is too soon to say whether two 
papers reporting the results will 
have to be retracted (Nature, doi.
org/r3t; doi.org/r3v). But for stem 
cell research there is a sense of 
déjà vu. This is far from the first 
time that promising results have 
fallen under a cloud of suspicion. 

What is it that makes stem  
cell work so prone to problems? 
Arguably, it is because the 
potential commercial and 
medical gains are greater than  
in almost any other field. And 
therefore, so is the pressure to 
publish. But ask any scientist  
and they’ll tell you that pressure 
is a way of life.

To get an idea of the stresses 
that stem cell researchers face, 

ONE of the most important tenets 
of biomedical research on 
humans is informed consent: 
volunteers must understand what 
the research is about and what the 
risks are before agreeing to take 
part. If they are unable to do so,  
a family member must consent  
on their behalf.

Sometimes, however, obtaining 
informed consent is impossible. 
That often happens in trauma 
medicine where eligible patients 
arrive at hospital unconscious 
and close to death. Under these 
circumstances the authorities  
can waive the requirement for 
informed consent. Under US 
 law, for example, trauma victims 
can be enrolled in certain medical 
trials without their knowledge.

The latest trial to employ this 

Stem the tide
Controversy dogs cell research again, but it is too early for gloom 

New Scientist asked 1000 of them 
to fill in an anonymous online 
survey. By the time we went to 
press, 112 had replied (see page 14).

The survey is small, but it 
does suggest there is something 
rotten in the state of stem cells: a 
worrying number of respondents 
admitted knowing about fraud  
or unethical behaviour.

The problems also reflect poorly 
on the scientific enterprise. For 
years, there have been warnings 
that there are not enough checks 
and balances: institutes, funders, 
journals and journalists all have 
incentives to hype results. Peer 
review is supposed to be the 
backstop, but all too often it has 
proved to have butterfingers.

Another concern is what the 
cycle of hype and disappointment 
might do to public attitudes to 
science. A recent survey by 
pollsters Ipsos MORI and the 
British Science Association found 
that while the UK public holds 
scientists in high regard, 35 per 
cent think scientists “adjust their 
findings to get the answers they 
want”. Our survey suggests there 
may be a modicum of truth to this.

Thankfully, there are signs of  
a more robust system emerging 
from the grassroots. Scientist 
bloggers unearthed problems in 
the recent papers within weeks of 
publication. At the moment, this 
kind of scrutiny is an unofficial 
part of the peer-review system: 
perhaps it should become routine.

But before descending into 
gloom, let’s not forget that the 
underlying science may yet prove 
to be sound. That would be a great 
result for everybody.  ■

waiver is poised to begin at a 
hospital in Pittsburgh, 
Pennsylvania. Ten victims of 
stabbings or gunshots will be put 
into a form of suspended 
animation to buy extra time to 
repair their wounds (see page 8).

In this case, waiving informed 
consent is clearly the right thing 
to do: if the procedure works it 
promises to save countless lives. 
But the issue must still be handled 
with care.

US law requires that potential 
volunteers – that is, local people – 
are consulted and informed. They 
must also have been offered the 
chance to opt out. But there are 
concerns that such measures 
don’t always leave a community 
well informed.

In 2008, a similar experiment 

collapsed in acrimony after it 
turned out that the procedure – 
infusing saline into trauma 
victims’ bloodstreams – did not 
appear to improve survival rates. 
It did not damage patients’ 
chances of survival either, but 
when local people found out,  
they reacted angrily and the 
researchers were overwhelmed by 
requests for opt-out wristbands. 
Mandatory consultation was 
clearly not enough – perhaps 
because the law doesn’t set a 
minimum acceptable level of 
public awareness.

The law needs to change. You 
could even argue that these studies 
should demand that people opt  
in rather than opt out. That might 
seem onerous. But it is surely 
better to secure genuine prior 
consent than to risk jeopardising 
a medical breakthrough that 
could save many lives.  ■

Opt out is a cop-out

“ 35 per cent of the UK public 
think that scientists adjust 
their findings to get the 
answers they want”
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THE clearest map yet of how genes 
are used by cells to make our 
bodies work has been drawn. It is 
challenging ideas about what our 
genes do and may accelerate the 
development of gene therapies.

Every cell in the body contains 
the same genetic code. But which 
genes are active or “expressed”  
in the cell depends on its function. 
This is controlled by tiny bits of 
the genome called promoters  
and enhancers. 

An international consortium 
of researchers, led by the RIKEN 
institute in Japan, have uncovered 
which promoters and enhancers 
are used by which cells. By looking 
at more than 800 human tissue 
samples, covering nearly all 
cell types, they found 44,000 
enhancers and 180,000 
promoters that control gene 
expression. The work has been 
published across 18 papers in 

THEY were warned. Heavy rainfall 
has been blamed for the largest 
landslide in the US for a decade. 
On Monday, the government said 
the area was considered safe, but 
it has emerged that the potential 
for a catastrophic slide was 
predicted 15 years ago. 

By Tuesday, the slide in Oso, 
Washington state, had killed 14 
people, with 176 still missing. 
Covering about 2.5 square 
kilometres, it occurred at 10.45 am 
local time on 22 March, leaving 
much of the town under mud and 
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Gene use mapped Mudslide foretold

UPFRONT

“The map has already been 
used to find gene patterns 
that predict the spread of 
colon cancer”

–Skin off: the IXV–

–A tragic conclusion–

Nature, Blood and BMC Genomics.
Combining their map with 

other data showed that mutations 
linked to diseases occurred more 
often in the enhancers and 
promoters than they did in the 
genes themselves. Researchers 
can now try to design therapies 
that target these mutations.

Yoshihide Hayashizaki of 
RIKEN, who is head of the 
consortium, says the team has 
already used the data to find gene 
expression patterns that predict 
the spread of colon cancer. He 
thinks the finding could help 
treat people within three years.

debris up to 12 metres thick. 
After viewing images of the 

scene, geologist and landslide 
expert Dave Petley at Durham 
University, UK, speculates that 
heavy rain in March saturated soil 
on the upper slope, causing it to 
fail and slide onto lower slopes.  
As the load squashed the lower 
reaches, it liquefied the soil, 
creating a muddy torrent. 

A 1999 report from the US Army 
Corps of Engineers warned of the 
potential for a deadly slide at Oso, 
but the Department of Emergency 
Management said on Monday 
that the area was considered safe. 

EUROPE’S home-grown space 
shuttle is taking shape. If the 
maiden flight of the Intermediate 
eXperimental Vehicle (IXV, 
pictured) in October goes to plan, 
it will be the first time in 16 years 
that the European Space Agency 
(ESA) has returned a craft to Earth. 

Atmospheric re-entry is key for 
any astronaut trip or bringing 
rock samples back from other 
worlds. Unlike the US, Chinese 
and Russian space agencies, which 

European shuttle
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Crash confirmed by data
MATHS has solved the mystery.  
An analytical technique never  
before applied to aircraft tracking  
this week led investigators to a tragic 
conclusion: the missing Malaysia 
Airlines jet crashed into the southern 
Indian Ocean killing all 239 people 
on board. 

Flight MH370, missing since 
8 March, had VHF radio and satellite 
transmitters on board for sending 
technical data to the airline. Even 
though the satellite transmitter was 
unused, it maintained a connection 
to a satellite by pinging it with an 
hourly radio pulse, much like an 
unused cellphone stays connected to 
a network.

On 15 March, the power of those 
hourly pings was used to calculate 
how far the plane was from a 

geostationary Inmarsat satellite. 
That showed the plane was flying 
either north towards Kazakhstan,  
or south into the open reaches of  
the Indian Ocean. 

Now a deeper mathematical 
analysis using the Doppler effect  
has quantified how ping frequencies 
change as planes approach or move 
away from a satellite. The frequency 
of the pings received from flight 
MH370 were checked against other 
flights in the same region to show 
that the plane flew the southern 
route until it ran out of fuel 2500 
kilometres west of Perth, Australia. 

In a text message to relatives, 
Malaysia Airlines said: “We have to 
assume beyond any reasonable 
doubt that MH370 has been lost and 
none of those on board survived.”
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OIL giant Exxon Mobil is coming 
clean. Last week, the company 
promised to reveal how much of 
its oil, gas and coal reserves could 
end up locked underground 
forever as part of plans to halt 
global warming. It is the first 
major fossil fuel company to do so.

To save ourselves from the 
worst impacts of global warming, 
we need to leave fossil fuels in the 
ground instead of burning them. 
Restricting global warming to 2 °C 
over pre-industrial levels could 
mean that up to 80 per cent of 
reserves may become useless, 

according to the Carbon Tracker 
Initiative. This would be bad news 
for oil and gas companies, whose 
shares could plummet in value. 

Exxon’s decision follows 
pressure from shareholder groups, 

who are now calling for other oil 
producers to follow suit. The UK 
parliament is also concerned. Its 
Environment Audit committee 
this month  demanded more 
transparency on the issue. 

Buried assets
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Giant ninth planet?
A MONSTER may be lurking in our 
solar system. The strange orbit of 
a newly discovered dwarf planet 
hints at a giant, unseen rocky 
world, 10 times bigger than Earth 
and orbiting far beyond Pluto.

The dwarf planet, dubbed 2012 
VP113, is an interesting discovery 
in itself, as it is now the most 
distant known body in our solar 
system. At its closest approach, it 
is 80 astronomical units from the 
sun (1 AU is Earth’s distance), says 
Scott Sheppard of the Carnegie 
Institution for Science in 
Washington DC, who led the team 
that discovered it (Nature, DOI: 
10.1038/nature13156). That’s twice 
as far as the most famous dwarf 
planet, Pluto. The previous record 
holder was Sedna, at 76 AU out. 

But Sheppard’s team also report 
that the orbits of 2012 VP113, 
Sedna and 10 other objects are 
strangely aligned. One explanation 
could be the tug of a rocky planet 
that is 10 times the size of Earth 
and orbits the sun at 250 AU. 
Although a NASA telescope has 
already scoured for distant 
planets without success, it could 
only detect the warmth of gas 
giants – a rocky planet is colder. 

But there are other ways to 
explain the orbits, including the 
pull of stars or “rogue” planets 
kicked out of our solar system. –Morelos dam before the release–

are experienced at re-entry, ESA’s 
only success was in 1998, when it 
brought back a capsule. 

The IXV, now being built in 
Turin, Italy, looks like the nose of  
a NASA space shuttle. It combines 
the simplicity of a capsule, where 
there is no control over a landing 
site once descent begins, with 
some manoeuvrability, thanks to 
its rear flaps. Purely a test craft, it 
will land in water, but the idea is 
for it to form the basis of a larger 
space plane that lands on the 
ground. At first it will be 
uncrewed and used to maintain 
satellites in orbit, but it could one 
day carry astronauts.

60 SECONDS

Ebola outbreak
Ebola fever has broken out for 
the first time on record in the West 
African state of Guinea. People with 
the deadly, incurable virus have 
turned up near the border with 
Liberia, and mining giant Rio Tinto 
says it has issued protective 
equipment to workers on a mining 
project near the affected area.

Gone, fishing
The European Union, the world’s 
biggest seafood importer, has 
banned fish from countries that 
don’t police fishing. The 28 EU 
fisheries ministers decreed in 
Brussels, Belgium, on Monday that 
EU vessels may no longer fish off 
Belize, Cambodia or Guinea, nor 
import those countries’ catches. 

Obamacrunch
It’s crunch time for Obamacare, 
but are Americans ready? Barack 
Obama’s Affordable Care Act is 
designed to keep the cost of health 
insurance low via online exchanges 
that allow people to shop around 
for the lowest-cost provider. But in 
a survey of 6000 eligible citizens, 
50 per cent weren’t aware of the 
exchanges (PNAS, doi.org/r3s). The 
deadline for signing up is 31 March.

Big nuke giveaway 
Japan has agreed to give more 
than 300 kilograms of mostly 
weapons-grade plutonium to the 
US for disposal and conversion into 
less politically sensitive forms. 
Acquired for research in the 1960s, 
the material is stored by the Japan 
Atomic Energy Agency, but China 
has expressed concern over 
the stockpile.

Meningitis shot
The UK is poised to become the first 
country in the world to offer children 
a free vaccine that protects against 
meningitis B. This rare infection can 
cause permanent disability or death. 
The Department of Health says the 
programme’s success depends on 
getting the vaccine at the right price.

Colorado river delta reborn
“AGUA! Agua!” shouted the crowd 
as the water gushed past towards 
the parched Colorado river delta.

On 23 March, as part of an 
agreement between the US and 
Mexican governments, a giant pulse 
of water was released through the 
Morelos dam on the US-Mexico 
border. Over the next eight weeks, 
130 billion litres will pour through 
the dam to rejuvenate the delta, 
followed by a lower flow for the 
next three years.

It is the first time that water has 
ever been released into Mexico for 
environmental purposes.

The delta needs it: the river hasn’t 
flowed to the sea regularly since the 
1960s, when the dam was built.

A huge team of scientists will 

monitor the outcome, watching 
eagerly as the delta springs back to 
life. Data coming from sensors placed 
in the riverbed will measure soil and 
water properties like temperature, 
salinity and how fast groundwater 
recharges. The team will also be 
watching to see if the region’s 
once-teeming bird populations flock 
back to the stretches of open water.

Meanwhile, remote monitoring 
from sensors on planes, helicopters 
and satellites will track vegetation 
growth and tiny changes in elevation 
as the ground settles under the 
weight of the water. “You can’t get a 
handle on a project this big without 
taking measurements from the air,” 
says team leader Karl Flessa at the 
University of Arizona in Tucson.

“Restricting global warming 
may mean up to 80 per 
cent of oil, gas and coal 
reserves become useless ”  
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Helen Thomson 

NEITHER dead or alive, knife-
wound or gunshot victims will  
be cooled down and placed in 
suspended animation later this 
month, as a groundbreaking 
emergency technique is tested 
out for the first time. 

Surgeons are now on call at the 
UPMC Presbyterian Hospital in 
Pittsburgh, Pennsylvania, to 
perform the operation, which will 
buy doctors time to fix injuries 
that would otherwise be lethal.

“We are suspending life, but  
we don’t like to call it suspended 
animation because it sounds  
like science fiction,” says Samuel 
Tisherman, a surgeon at the 
hospital, who is leading the trial. 
“So we call it emergency 
preservation and resuscitation.”

The technique involves 
replacing all of a patient’s blood 
with a cold saline solution, which 
rapidly cools the body and stops 
almost all cellular activity. “If a 
patient comes to us two hours 
after dying you can’t bring them 
back to life. But if they’re dying 
and you suspend them, you have  
a chance to bring them back after 
their structural problems have 
been fixed,” says surgeon Peter 
Rhee at the University of Arizona 

in Tucson, who helped develop 
the technique.

The benefits of cooling, or 
induced hypothermia, have been 
known for decades. At normal 
body temperature – around 37 °C – 
cells need a regular oxygen supply 
to produce energy. When the 
heart stops beating, blood no 
longer carries oxygen to cells. 

Without oxygen the brain can 
only survive for about 5 minutes 
before the damage is irreversible. 

However, at lower 
temperatures, cells need less 
oxygen because all chemical 
reactions slow down. This 
explains why people who fall into 
icy lakes can sometimes be 
revived more than half an hour 
after they have stopped breathing.

Just before heart and brain 
surgery, doctors sometimes lower 
body temperature using ice packs, 

and by circulating the blood 
through an external cooling 
system. This can give them up  
to 45 minutes in which to stop 
blood flow and perform surgery. 
However, the cooling process takes 
time and can only be done with 
careful planning and preparation.

When someone reaches an 
emergency department with a 
traumatic gunshot injury or stab 
wound, slow cooling isn’t an 
option. Often their heart has 
stopped beating due to extreme 

blood loss, giving doctors only 
minutes to stop the bleeding and 
restart the heart. Even if the 
bleeding can be stopped, it’s not 
like filling up an empty gas tank. 
Resuscitation exposes the body to 
a sudden onslaught of oxygen, 
which can cause tissues to release 
chemicals that damage cells and 
cause fatal “reperfusion” injuries. 

Finding ways to cool the body 
until it reaches a state of 
suspended animation – where 
people are not alive but not yet 

THIS WEEK

Suspended between life and death
Patients will be held at the brink of death to buy doctors time to save their lives
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–No heartbeat, no hope?–

“ I sign a piece of paper 
knowing in my heart  
that they are not actually 
dead. It’s frustrating”
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dead – could give doctors more 
time in an emergency. 

The technique was first 
demonstrated in pigs in 2002 by 
Hasan Alam at the University of 
Michigan Hospital in Ann Arbor, 
and his colleagues. The animals 
were sedated and a massive 
haemorrhage induced, to mimic 
the effect of multiple gunshot 
wounds. Their blood was drained 
and replaced by either a cold 
potassium or saline solution, 
rapidly cooling the body to 
around 10 °C. After the injuries 
were treated, the animals were 
gradually warmed up as the 
solution was replaced with blood. 

Vital signs
The pig’s heart usually started 
beating again by itself, although 
some pigs needed a jump-start. 
There was no effect on physical or 
cognitive function (Surgery, doi.
org/dvhdzs). 

“After we did those 
experiments, the definition of 
‘dead’ changed,” says Rhee. “Every 
day at work I declare people dead. 
They have no signs of life, no 
heartbeat, no brain activity. I sign 
a piece of paper knowing in my 
heart that they are not actually 
dead. I could, right then and there, 
suspend them. But I have to put 
them in a body bag. It’s frustrating 
to know there’s a solution.”

That solution will be put to the 
test in humans for the first time.  
A final meeting this week will 
ensure that a team of doctors is 
fully prepared to try it. Then all 
they have to do is wait for the 
right patient to arrive. 

That person will have suffered  
a cardiac arrest after a traumatic 
injury, and will not have 
responded to attempts to start 
their heart. When this happens, 
every member of Tisherman’s 
team will be paged. “The patient 
will probably have already lost 
about 50 per cent of their blood 
and their chest will be open,” he 
says. The team sees one of these 
cases each month. Their chance  
of survival is less than 7 per cent. 

In this section
■ Physics from before the big bang, page 10
■ Stem cell survey reveals field’s pressures, page 14
■ Speaking with dolphins, page 19

In this state, almost no 
metabolic reactions happen in the 
body, so cells can survive without 
oxygen. Instead, they may be 
producing energy through what’s 
called anaerobic glycolysis.  
At normal body temperatures  
this can sustain cells for about  
2 minutes. At low temperatures, 
however, glycolysis rates are so 
low that cells can survive for 
hours. The patient will be 
disconnected from all machinery 
and taken to an operating room 
where surgeons have up to 2 
hours to fix the injury. The saline 
is then replaced with blood. If the 
heart does not restart by itself, as 

it did in the pig trial, the patient  
is resuscitated. The new blood  
will heat the body slowly, which 
should help prevent any 
reperfusion injuries.  

The technique will be tested  
on 10 people, and the outcome 
compared with another 10 who 
met the criteria but who weren’t 
treated this way because the team 
wasn’t on hand. The technique will 
be refined then tested on another 
10, says Tisherman, until there are 
enough results to analyse.

“We’ve always assumed that 
you can’t bring back the dead. But 
it’s a matter of when you pickle 
the cells,” says Rhee. 

Getting this technique into 
hospitals hasn’t been easy. 
Because the trial will happen 
during a medical emergency, 
neither the patient nor their 
family can give consent. The trial 
can only go ahead because the US 
Food and Drug Administration 

considers it to be exempt from 
informed consent. That’s because 
it will involve people whose 
injuries are likely to be fatal and 
there is no alternative treatment. 
The team had to have discussions 
with groups in the community 
and place adverts in newspapers 
describing the trial. People can 
opt out online. So far, nobody has.

Tisherman says he eventually 
hopes to extend the technique to 
other conditions.

For now, suspended animation 
is limited to a few hours. But  
that’s not to say that more lengthy 
suspension isn’t possible (see 
“Will human hibernation ever 
happen” above?). 

“We’re trying to save lives,  
not pack people off to Mars,” says 
Tisherman. “Can we go longer 
than a few hours with no blood 
flow? I don’t know. Maybe years 
from now someone will have 
figured out how to do it, but it will 
certainly take time.”  ■ 

The first step is to flush cold 
saline through the heart and up  
to the brain – the areas most 
vulnerable to low oxygen. To do 
this, the lower region of their 
heart must be clamped and a 
catheter placed into the aorta – 
the largest artery in the body – to 
carry the saline. The clamp is later 
removed so the saline can be 
artificially pumped around the 
whole body. It takes about 
15 minutes for the patient’s 
temperature to drop to 10 °C. At 
this point they will have no blood 
in their body, no breathing, and 
no brain activity. They will be 
clinically dead. 

“ Until now we had always 
assumed that you can’t 
bring people back from  
the dead”

WILL HUMAN HIBERNATION EVER HAPPEN?

Is long-term suspended animation 
possible? Humans may soon be held 
at death’s door for a few hours (see 
main story), but what about more 
lengthy “human hibernation”?

Clues could be found in our genes. 
The fat-tailed dwarf lemur (see 
picture) is the only primate known to 
hibernate. Its brain might hold clues 
to the genetic mechanisms behind 
such metabolic flexibility. Kathrin 
Dausmann at the University of 
Hamburg, Germany, who made the 
discovery with her colleagues in 
2004, reckons that humans may have 
the genes to hibernate, but we just 
don’t  switch them on (New Scientist, 
21 January 2006, p 28).

Chemicals could also help slow 

metabolism. Mark Roth at the Fred 
Hutchinson Cancer Research Center 
in Seattle, Washington, and his 
colleagues have used hydrogen 
sulphide to put mice into suspended 
animation for 6 hours. The gas slows 
the metabolism by limiting oxygen 
uptake by cells. They are now 
studying a metabolism-decreasing 
chemical found naturally in the body.

It may all be down to economics, 
says Peter Rhee at the University of 
Arizona. “When I was in medical 
school, 5 minutes of brain death and 
you were dead. Now we can increase 
that to hours. With the time and 
money, maybe we could start to think 
about extending [suspended 
animation] to months and years.”
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Lisa Grossman

SLIVERS of a second after the 
universe was born, it ballooned 
at nearly the speed of light. This 
vision of cosmic expansion, called 
inflation, got a big boost last week 
with the announcement of the 
first sighting of primordial 
gravitational waves, ripples 
in space-time linked to the 
universe’s rapid growth spurt.

The findings, reported by the 
BICEP2 team, are already helping 
physicists sort through the 
mountain of theories for how 
inflation happened. But there are 
a few wrinkles, including the fact 
that hints of the waves seem 
much more pronounced than 
they should be, according to 

previous observations of the 
early universe. Resolving the 
discrepancies – perhaps using 
results due out later this year from 
the Planck space telescope – might 
give a glimpse of physics from 
before the big bang. Or it might 
mean inflation is out, and that we 
actually have the first whiff of 
evidence for string theory.

“Everyone was celebrating and 
so forth, but you have to be careful 
with this result,” says Avi Loeb at 
the Harvard-Smithsonian Center 
for Astrophysics. “That’s why the 
Planck data is so interesting to 
watch for.”

The BICEP2 telescope used its 
vantage point at the South Pole to 
hunt for hints of gravitational 
waves in a patch of the cosmic 
microwave background – the relic 
light emitted about 380,000 years 
after the big bang. Existing CMB 
maps from Planck depicted an 

early universe that was almost 
uniformly smooth, with only tiny 
variations in density. This seemed 
to support inflation, because the 
variations we see are too small for 
matter to have expanded slowly 
after the big bang.

The Planck team reported no 

signs of gravitational waves at 
the time, and said the density 
variations picked up were so  
small that any such waves must  
be weak. That made BICEP2’s 
sighting all the more startling,  
as its gravitational wave signal is 
twice what Planck suggested.

“How do we reconcile them?” 
says Laura Mersini-Houghton at 
the University of North Carolina 
at Chapel Hill. “That’s the million-
dollar question.”

If the BICEP2 results hold up, 
they support the simplest models 

of inflation, which say that  a 
hypothetical particle, the inflaton, 
drove the process. The issue 
would then be how the inflaton’s 
energy changed over time (see 
diagram) – a detail that could tell 
us why inflation ended, and 
whether we live in a multiverse. 

One leading model is known as 
chaotic inflation, put forward in 
the 1980s by Andrei Linde at 
Stanford University in California. 
Building on work by Alan Guth 
(see “Russia’s relativistic road to 
inflation”, right), it features an 
inflaton that decays quickly, but 
also allows quantum fluctuations 
to trigger new bursts of inflation, 
giving rise to other universes.

Another contender is natural 
inflation, proposed by Katherine 
Freese at the University of 
Michigan in Ann Arbor in 1993. 
In this model, the inflaton retains 
its peak energy for a relatively 
long time before decaying.  
That would keep inflation going 
long enough to explain the 
smoothness seen by Planck  
(arxiv.org/abs/1403.5277).

A third possible theory is  
Higgs-like inflation, in which the 
inflaton behaved like the recently 
discovered Higgs boson. The 
Higgs is the only known particle 
with an associated scalar field – 
one that does not act in a specific 
direction – a property the inflaton 
should share.

If the Planck team does see 
gravitational waves, but at a lower 
strength than BICEP2, the models 
get more complex. One solution 
is to let inflation start out fast and 
slow down abruptly, says Marco 
Peloso at the University of 
Minnesota in Minneapolis. 
Another is to assume that 
inflation was faster in one 
direction (arxiv.org/
abs/1403.4596v1). This could 
explain an anomaly in the Planck 
data that suggests the universe 
has a “preferred” direction, 
nicknamed the axis of evil.

An even wilder way to square 
the discrepancy between Planck’s 
smooth cosmos and BICEP2’s 
strong ripples is to include physics 

Cosmic ripples put 
inflation to the test

“ Reconciling gravitational 
waves with previous data 
might give us physics from 
before the big bang”

THIS WEEK

Cosmic roller coaster
We think the universe underwent a rapid growth spurt called inflation in the first 
fractions of a second after the big bang. Recent sightings of ripples in space-time 
called gravitational waves support the idea and lend weight to some models of 
inflation, although it is too early to say which is correct

Higgs-like inflation

The inflaton retained most of its energy 
for a relatively long period, gradually 
decaying until inflation ceased
 

Stepped inflation

Natural inflation

The inflaton's energy was enormous 
initially, then rapidly decayed. Quantum 
chaos sometimes sparked new bursts 
of inflation, creating a multiverse

Chaotic inflation

What the simplest models have in common is a hypothetical particle called the 
inflaton. However, each theory has a different picture of how its energy decays, 
which can be thought of as a ball careening down a track with a specific shape

The inflaton decays rapidly, then 
eases off – a model that could 
reconcile older observations with the 
latest data on gravitational waves

The inflaton behaved like the Higgs 
boson, the only known particle tied to 
a field that acts equally in all directions
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IT IS an issue many parents will have 
grappled with. Is the peace you get by 
handing your child a touchscreen or 
sitting them in front of the TV worth 
the undefined damage you worry it’s 
causing? The subject resurfaced last 
week with one study claiming that 
screen time was linked with increased 
BMI and another finding it adversely 
affected emotional well-being. 

The headlines may have struck a 
chord, but each study faced different 
criticisms. So just what can we say 
about screen time? 

First of all, lumping all screens into 
one category is not helpful. When you 
separate them out, the effects start to 
vary. For instance, a recent longitudinal 
study of 11,000 British children found 
that those who watched TV for 
3 hours or more a day at age 5 had a 
small increase in behavioural problems 
two years later compared with those 
who watched for under an hour. But 
they found no effects at all for those 
who played computer games.

The rise of portable devices has 
compounded the issue. Rosie Flewitt 
at the Institute of Education in London 
says touchscreens can motivate 
children, allowing them to use a tool 
they can see is important to adults. 
Her research in schools found that 

iPads increased cooperation and 
helped quieter kids speak up.  

A survey of more than 1000 parents 
with children aged 3 to 5 and their 
teachers, out this month, backs up the 
idea that tablets can promote learning. 
Children benefited more from using 
both print and touchscreens for looking 
at or sharing stories, compared with 
just print. Importantly, the performance 
of children from low socio-economic 
backgrounds who use both at home is 
less likely to be below average at 
school than if they only look at books. 

The advantages seen in the school 
environment can be translated into 
the home – if you choose your digital 
distraction wisely. Don’t unthinkingly 
hand over your device. There are 
educational apps whose benefits are 
backed up by research, says Flewitt. 
Consider the type of screen time, says 
Pete Etchells of Bath Spa University, 
UK. Five hours of TV is not the same as 
5 hours of some TV, a couple of hours 
of a storytelling app, followed by a 
Skype session with a grandparent. 

And take heart: this generation’s 
iPad is another’s Jane Austen. “It’s a 
new era,” says Flewitt. There is a lot of 
scepticism just like there was when 
novels took off in the 18th century, 
she says.  Catherine de Lange  ■

Screens are not all bad, 
the iPad is today’s novel

For daily news stories, visit newscientist.com/news

RUSSIA’S RELATIVISTIC ROAD TO INFLATION
Hints of gravitational waves, widely 
hailed as validation for inflation, 
could net someone a Nobel prize if 
they can be confirmed. But who came 
up with inflation in the first place?

In 1980 Alan Guth, now at the 
Massachusetts Institute of 
Technology, gave his first public 
lecture on inflation, and he is often 
cited as a founder. But Guth wasn’t 
the only one pondering the theme. 

Aleksei Starobinksy of the Landau 
Institute for Theoretical Physics in 
Moscow, Russia, had published his 
own theory of inflation in December 
1979. The paper appeared in a 
prominent Russian journal, and was 
later translated into English. Still,  
it was largely overlooked. 

Viatcheslav Mukhanov of the 
Arnold Sommerfeld Center for 
Theoretical Physics in Munich, 
Germany, thinks this is because 

Starobinsky based his work on 
Einstein’s general theory of relativity. 
People in the field wanted testable 
predictions, and at the time any 
experiment to detect inflation 
seemed almost impossible to carry 
out, Mukhanov says. In contrast, he 
says, Guth’s ideas drew on particle 
physics – a playground for theorists – 
and so sparked widespread interest 
as a mathematical exercise.

Starobinsky’s model was a better 
fit for our observations of the early 
universe until last week’s sighting of 
gravitational waves. Now it is unclear 
which of the competing theories of 
inflation will reign (see main story).

“If the BICEP2 data are confirmed, 
apostles of inflation may celebrate 
the dramatic confirmation of the 
general idea of inflation, but not of 
any concrete simple model of it,”  
says Starobinsky.  Stuart Clark

from before the big bang.  
In 2006, Mersini-Houghton and 
her colleagues devised a model  
in which the universe was seeded 
by a quantum particle, one in a 
sea of particles that existed before 
the big bang. Only those with high 
enough energies inflated and 
turned into universes, and all 
those particles remained 
connected via the quantum 
property of entanglement.

“You have a second source  
of energy that comes from 
quantum entanglement with 
other universes,” says Mersini-
Houghton. Gravitational waves 

would still exist and could be as 
strong as BICEP2 reports, but the 
entanglement energy would 
suppress the density variations, 
making them even smaller than 
inflation should allow.

The upcoming Planck data may 
even help rule out inflation. 
Instead, the universe could be the 

result of string gas cosmology, 
based on the multiple dimensions 
of string theory. 

Picture the cosmos as a 
rolled-up piece of paper held in 
place with rubber bands, says 
Robert Brandenberger at McGill 
University in Montreal, Canada, 
who was part of a team that came 
up with the model in 1989.  
The paper is a nine-dimensional 
universe, and the rubber bands 
are vibrating strings. If two strings 
meet, their edges can form a 
single, twisted loop. That would 
release three dimensions of space 
and one of time, which can then 
swell to the scales we see in the 
universe today. This process can 
account for the tiny density 
variations seen in the CMB and 
strong gravitational waves – no 
inflation required.

The BICEP2 results slightly 
favour this model. If Planck sees 
the same signal, it could be the 
first observational evidence for 
string theory. “For string theorists 
this is very important,” says 
Brandenberger. “Opponents can 
no longer say string theory does 
not connect with data.”  ■

INSIGHT Digital tots 
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–Early learning centre?–

“  If inflation was faster in 
one direction, it could 
explain why the universe 
has an ‘axis of evil’ ”
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GENETICS could help solve the 
Noah’s Ark problem: faced with 
limited space, which species do 
you save? Focusing on the most 
evolutionarily unique and ancient 
species could allow us to save 
more branches of the tree of life, 
at the lowest cost and effort.

Now a genetic analysis has 
found the most unique birds and 
identified 113 locations that hold 
more than half the global avian 
evolutionary diversity. The 
findings will be used to focus 
conservation efforts where they 

will have the biggest impact.
Conservationists tend to focus 

on a few big-name species, like 
lions. For example, 70 per cent 
of mammal funding goes to three 
of 26 families, says Samuel Turvey 
of the Zoological Society of 
London (ZSL). 

But animals like big cats have 
limited evolutionary value. That’s 
because they are closely related to 
many species, so if they died out 
most of their genes would live on. 

For species with few close 
relatives, losing them would wipe 
out all their genes. Instead of 
trimming twigs from the tree of 
life, we would lose whole branches 
(see “Oddities in danger”, below).

A ZSL initiative called EDGE of 
Existence has been running since 
2007, with the aim of preserving 
evolutionarily distinct species. It 
has ranked the world’s mammals 
and amphibians according to how 
unique and threatened they are. 
But most conservation funding 
ignores how unique species are.

“It’s not that we need to stop 
what we’re doing now,” says Carly 
Waterman, EDGE of Existence’s 
programme manager. But she 
says conservationists need to put 
more effort into preserving the 
branches of the tree of life.

“We can be smarter,” says 
Walter Jetz of Yale University. 
In as-yet-unpublished research, 
he ranked the world’s birds 
in terms of evolutionary 
distinctness. For the first time, 
birds can be prioritised based 
on how unique, abundant and 
endangered they are. 

To do this, Jetz drew an 
evolutionary tree of birds using 
genetic data from 6500 of the 
10,000 bird species, which told 
him which were the most unique. 

He then combined that with data 
on threats and population sizes. 
Jetz presented his preliminary 
results at a Royal Society meeting 
in London earlier this month.

EDGE of Existence will launch a 
list of the 100 priority birds, based 
on Jetz’s work, in the coming weeks.

Jetz has used the ranking to 
point to species that should be 
protected. For example, the highly 
distinct shore plover (Thinornis 
novaeseelandiae) lives only on the 
tiny Chatham Islands, near New 
Zealand. Just 250 are left. Focusing 
on plover habitat would preserve 
14.46 million years of evolution 
for each 10,000 square kilometres 

conserved. In contrast, the ostrich 
is the 10th most distinct species, 
but as it has a large range only 
0.05 million years would be 
preserved per unit area. 

He has now gone a step further 
and identified hotspots of unique 
and endangered birds. Focusing on 
575 threatened species, he found 
that prioritising just 113 locations 
could conserve 60 per cent of the 
most endangered evolutionary 
distinctness in birds. Most were 
islands or mountains.

A similar study, of eucalyptus 
in Victoria, Australia, found that 
small expansions of protection 
zones could boost the conservation 
of these trees’ diversity. “You 
could increase the amount of 
evolutionary diversity that is 
currently protected by 25 per cent 
by expanding the reserve system 
by 5 per cent,” says Laura Pollock 
of the University of Melbourne in 
Victoria, who lead the study.

Turvey says the approaches 
are helping figure out which 
species to conserve. But they 
need to be put into action before 
it is too late. The species at the top 
of the first EDGE list, the Yangtze 
river dolphin, was declared 
extinct in 2007.  ■

Genes pick species 
for new Noah’s Ark
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“ Protecting the most 
unique species means we 
could save more branches 
of the tree of life”

–Save me, I’m special–

THIS WEEK

ODDITIES IN DANGER
Many of the world’s most unique 
species are in grave danger, and 
losing them would delete a swathe 
of evolutionary history. Here are  
five threatened oddballs.
Long-beaked echidnas (Zaglossus) 
There are only three species of 
long-beaked echidna, all native to 
New Guinea. They are the top three 
species on the EDGE list of unique 
and endangered mammals, in danger 
from hunting and habitat loss.

Hirola (Beatragus hunteri ) Only 
found on the border of Kenya and 
Somalia, the hirola is the world’s most 
threatened antelope. Populations 
have collapsed alongside those of 
elephants, which nibbled grass to 
the height the hirolas prefer.
Christmas Island frigatebird (Fregata 
andrewsi ) This fork-tailed seabird, 
pictured, has just one breeding colony 
on cyclone-prone Christmas Island.
Giant ibis (Thaumatibis gigantea) 

By far the largest ibis, the giant 
ibis stands a metre tall. Only about 
345 are left, mainly in Cambodia. 
The biggest threat is deforestation.
Chinese giant salamander (Andrias 
davidianus) The largest amphibian, 
the Chinese giant salamander lived 
alongside the dinosaurs 170 million 
years ago. It is one of only two 
surviving species in its family, but 
is now critically endangered due to 
hunting and habitat destruction.
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“PARADIGM changer” to “sloppy 
and irresponsible”. In just two 
months, two papers revealing a 
simple way to turn adult cells into 
embryonic-like stem cells went 
from being heralded as ground-
breaking to being investigated 
over their credibility. 

Stem cell research is touted as 
the way to a medical revolution, 

but all too often accusations of 
poor practice arise. To glean some 
insight into why, New Scientist 
asked 1000 stem cell researchers 
from around the world to answer 
an anonymous survey about the 
pressures of their work. More 
than 110 replied. Some admitted 
to faked results, others told of 
unethical behaviour from 
superiors, and several placed the 
blame on high-profile journals.

Just over half believe stem cell 
research is under greater scrutiny 
than other fields. “It is because the 
implications for therapeutics are 
greater than in other areas,” said 
one researcher. Almost a fifth said 
this affects their work. Some said 
it made them more rigorous, while 
others said they feel forced to find 
clinical applications too soon.

Sixteen per cent said they have 
felt pressure to submit a paper 
that was incomplete or contained 
unverified information. “There is 
a tremendous pressure to publish, 
in order to receive funding. 
Shortcuts are, therefore, not 
unusual,” said one respondent. 
“It happens when we know 
competitors are going to publish 
the same story,” admitted a 
principal investigator. 

Three people said they had felt 
pressure from peers or superiors 
to falsify data, or to do something 
they consider unethical, and five 
people said “yes” when asked if 
they or a colleague had ever 
falsified or augmented data that 
ended up in a published paper. 

“Sometimes one’s job is called 
into question,” said one professor, 
“and superiors have been known 
to try and force premature 
publication and take credit for 
findings... when they don’t even 
know the content of the work.”

Misinterpretation of results 
was a common concern. “[People] 
deliberately ignore inconvenient 
data in order to support their 
likely erroneous conclusions,” 
said one assistant professor.

The results echo a 2009 study 
that spanned all scientific fields, 
says Ivan Oransky, co-founder of 
website Retraction Watch. In that, 
2 per cent admitted to falsification 
or fabrication, and about a third 
admitted to other questionable 
research practices. 

In the extra comments section 
of our survey, journals came in 
for criticism: “The review process 
has become a playground of 
promoting personal opinions, 
rather than evaluating the actual 
science,” said one assistant 
professor. A group leader said the 
refereeing process at top journals 
“often asks for over-elaborate, 
costly and time consuming 

experiments rather than ensuring 
the basic core finding is sound”. 

A spokesperson for Nature, 
which published the papers being 
scrutinised (doi.org/r3t; doi.org/
r3v), says: “The editors select 
research for publication on the 
basis of scientific significance, and 
each published paper undergoes 
robust, rigorous peer review.” 

Many researchers pinned 
blame on the press, saying it had 
overhyped the field, making stem 
cells seem like a cure-all.

Thankfully, the consensus is 
that most stem cell research is 
accurate. “We must be careful not 
to… throw the baby out with the 
bath water,” said one scientist.

The investigation into the work 
led by Haruko Obokata at the 
RIKEN Center for Developmental 
Biology in Kobe, Japan, continues. 
Co-author Charles Vacanti at 
Harvard Medical School has 
released a detailed guide for 
others to replicate it. He says the 
findings are too significant to 
disregard based on what he calls 
relatively minor errors or external 
pressures. “Over time, the science 
will speak for itself,” he says.  ■
See the full survey at  
bit.ly/stemcellsurvey

Pressure blamed 
for stem cell ills
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“People deliberately ignore 
inconvenient data in order 
to support their likely 
erroneous conclusions” –Under scrutiny: Haruko Obokata–

THIS WEEK

The stem cell research pressure cooker
Of 112 respondents to a New Scientist survey, 55% said they 
thought stem cell research is put under more intense scrutiny 
than other areas of biomedical science

They then answered...

Do you feel that this affects 
your work in any way?

Yes            No          No answer       

19% 58%

3%

4%

%3%3%

4%4% 90%

Have you or any of your 
colleagues ever falsified or 
augmented data that has ended 
up in a published paper?

16% 80%

3%

4%

Have you ever felt any pressure
to submit a paper for publication that 
you felt was incomplete or contained 
unverified information?

3%3%3%3%3%3%3%3%3%3%3%3%3%3%3%3%3% 92%

4%4%4%4%4%%4%4%4%4%4%4%4%4%4%4%4%

Have you ever felt any pressure 
from your peers or superiors to 
falsify or augment data or do 
anything you consider unethical?
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THE thinner the better. Our 
changing climate will make the 
oceans less viscous – good news as 
it means they will be much better 
at burying atmospheric carbon 
out of harm’s way on the seabed.

It won’t stop global warming, 
but it will slow it, says Jan Taucher 
of the Helmholtz Centre for Ocean 
Research in Kiel, Germany.

Much of the carbon dioxide we 
release into the air goes into the 

sea and is taken up by organisms. 
When they die, some of it sinks. 
To replace this buried carbon, the 
oceans absorb more from the air, 
curbing climate change.

Global warming may boost 
this process, says Taucher. Warm 
water is less viscous, so carbon 
sinks 5 per cent faster per degree 
of warming. Taucher added this 
viscosity effect to a model of the 
ocean and ran it until the year 

4000, with emissions falling 
after 2100. The oceans took in 
17 per cent more carbon dioxide 
than expected, cutting warming 
by 8 per cent – although the 
world still warmed by 6 °C 
(Global Biogeochemical Cycles, 
doi.org/rzr).

However, the deep oceans 
seem to be warming faster than 
expected, says Taucher. He 
estimates the drop in viscosity 
could cut warming by between 
0.1 °C and 0.2 °C within 100 years.
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Trillion-scented smorgasbord 
is everyday fare for our nose

OUR noses are sharper than they look. They can tell apart 
at least a trillion smells – far more than we thought.

Every smell is a mixture of chemicals called odorants. 
The received wisdom was that the human nose can 
recognise about 10,000 different smells, but this was  
a crude estimate that hadn’t been updated since 1927. 

To get a better idea, Andreas Keller and his colleagues 
at Rockefeller University in New York City concocted 
mixtures of 10, 20, or 30 chemicals drawn from a 
standard set of 128 diverse odorants. They had 
26 untrained volunteers sniff 268 pairings of these 

mixtures, and they recorded how successful each 
volunteer was at distinguishing between the two.

The more odorants shared by the mixtures in a pairing, 
the harder this was. Using statistical techniques to 
analyse the results, Keller calculated that people should 
be able to distinguish more than a trillion combinations 
of 30 odorants drawn from his set of 128. This is a 
conservative estimate because many smells involve  
more than 30 odorants, and there are many more than 
128 to draw from (Science, doi.org/r2d).

The result suggests that people are surprisingly good 
at telling smells apart, even though most of us struggle 
to describe those smells in words. “We have an amazing 
olfactory capacity that has not been appreciated,” says 
Leslie Vosshall, who was part of Keller’s team.

Less gloopy oceans slow climate change

Lost ‘shrimp’ was 
almost like a whale

A BIG shrimp-like animal is the 
oldest known swimmer that 
sieved food out of the water, like 
today’s krill and baleen whales.

By half a billion years ago, there 
were passive filter feeders like 
sponges sitting on the ocean floor. 
But palaeontologists thought that 
swimming filter feeders didn’t 
arise for another 160 million years.

Jakob Vinther at the University 
of Bristol, UK, and his colleagues 
studied frond-shaped fossils from 
540-million-year-old rocks. Each 
one has a bendy spine about 
12 centimetres long, covered with 
3-cm-long strands (Nature, DOI: 
10.1038/nature13010). 

They belonged to Tamisiocaris 
borealis, a 70-cm-long shrimp-like 
beast called an anomalocarid. It 
had two fronds on its head, which 
caught plankton before tucking it 
into the animal’s mouth.

Vinther thinks it evolved from 
predatory anomalocarids, the top 
predators at the time.

Can’t conceive? 
Blame the stress

DON’T panic, but stress might  
be causing infertility. One in  
seven UK couples have fertility 
problems and, in a quarter of 
those, there is no explanation. 

To explore stress’s possible role, 
Courtney Lynch at Ohio State 
University in Columbus and her 
colleagues looked for an enzyme 
called alpha-amylase, an indicator 
of stress, in the saliva of 373 women 
trying to conceive. After one year, 
13 per cent of the women still 
weren’t pregnant. The third of  
the women with the highest 
alpha-amylase levels were twice  
as likely to be infertile as the third 
with the lowest levels (Human 
Reproduction, DOI: 10.1093/
humrep/deu032). Exercise might 
help some couples reduce stress 
levels and conceive, says Lynch.

IN BRIEF



29 March 2014 | NewScientist | 17

Asteroid has shiny 
set of twin rings

LIKE tiny versions of Saturn, 
asteroids can deck themselves 
out with glittering rings. 

A space rock called 10199 
Chariklo is the first asteroid known 
to have a ring system, revealing an 
unexpected possibility for small 
bodies in the solar system. Until 
now, rings have been found only 
around giant planets.

Colin Snodgrass of the Max 
Planck Institute for Solar System 
Research in Göttingen, Germany, 
and his colleagues found the rings 
in June 2013 during an occultation. 
This is when an object crosses in 
front of a star as seen from Earth, 
causing it to briefly wink out. Seen 
from sites across South America, 
the star’s brightness dipped in a 
distinctive pattern, indicating a set 
of twin rings (Nature, DOI: 10.1038/
nature13155).

Chariklo orbits between the 
paths of Saturn and Uranus, and 
the asteroid has shown mysterious 
behaviour in the past. The tiny body 
was seen dimming and brightening, 
and its spectrum held hints of water 
ice disappearing and reappearing. A 
pair of icy, reflective rings seen from 
different angles would explain this.

The rings could have formed in a 
number of ways, including impacts 
flinging up debris, or small moons 
colliding or being broken up by 
gravity if they spiralled too close 
to the asteroid.

Smelly cuckoos protect crow chicks

THEY are usually birds of ill omen. 
Cuckoos are notorious for taking over 
other birds’ nests and killing their 
chicks. But one species benefits its 
hosts: its stink repels predators.

Carrion crows (Corvus corone 
corone) often play host to chicks of 
the great spotted cuckoo (Clamator 
glandarius). Daniela Canestrari of the 
University of Oviedo in Spain and 
colleagues found that crows with a 
cuckoo chick in the nest were 40 per 
cent more likely to raise one of their 
chicks to adulthood, compared with 
crows not hosting cuckoos. Hosts 
only had this edge if predators were 

active, and did so even though their 
nests had fewer crow fledglings on 
average (Science, doi.org/rz8).

The cuckoo chicks emit a foul  
fluid from their cloacas. “It is really 
disgusting,” says Canestrari. “It’s 
pungent, produces a burning 
sensation in the throat, and looks  
like rotting matter.” She tested its 
effect on predators by offering meat 
smeared with it to eight cats. Only 
one bit into the meat, whereas most 
would eat untreated meat.

“Cuckoos are not always the 
villains we think they are,” says Ros 
Gloag of the University of Sydney.

THINK you have spotted Earth’s 
faraway twin? Not so fast. Oxygen-
rich atmospheres, touted as almost 
sure signs of life on exoplanets, 
can exist on dead worlds.

More than 1750 exoplanets 
have been found so far, including 
several in the habitable zone; the 
region around a star where liquid 
water can exist. Next-generation 
telescopes should be able to 
“sniff” exoplanet atmospheres, 
revealing clues to their make-up. 

Previous research suggested 
that planets in the habitable zone 
could have oxygen-rich air only  

if something was alive on the 
surface to keep pumping it out, 
as the highly reactive molecule 
would otherwise get quickly 
locked up in other compounds.

But taking a closer look at the 
chemistry, Robin Wordsworth at 
the University of Chicago found 
that dead worlds made largely of 
water can have lots of oxygen in 
their air (arxiv.org/abs/1403.2713). 
Ultraviolet light from the planet’s 
star can split molecules of water 
vapour, with lighter hydrogen 
drifting into space while oxygen  
is left behind. The same process 

could happen on life-free rocky 
planets if they have low levels of 
nitrogen or argon, gasses that 
keep water vapour out of the air 
and halt oxygen build-up.

The work suggests that alien-
hunters will need to look more 
carefully at exoplanet signals, 
such as the exact ratio of oxygen 
to nitrogen. This makes the task 
more difficult, says Jack O’Malley-
James at the University of 
St Andrews in the UK. But finding 
the right mix of chemical clues 
will increase confidence that we 
are seeing evidence of life, he says.

Even lifeless worlds can have oxygen-rich air

Chilled-out laser 
may test relativity

BEAM me up, Einstein. The world’s 
most powerful atom laser could 
one day be sent into space to probe 
the mysteries of general relativity.

Atom lasers emit beams of 
matter instead of photons. This  
is possible using an ultra-cold gas 
called a Bose-Einstein condensate, 
which makes millions of atoms 
behave like a single wave.

Previous work created atom 
lasers by bottling up the cold gas 
using powerful electromagnets, 
then guiding a beam of atoms out 
of the bottle using radio waves. 
But the radio waves used were 
relatively weak, limiting the 
laser’s power. Wolf von Klitzing 
at the Institute of Electronic 
Structure and Laser in Hellas, 
Greece, and his team found a 
way to use stronger radio waves, 
making an atom laser that is 
16 times more powerful (arxiv.
org/abs/1307.8282).

Von Klitzing hopes to use such 
a laser on STE-QUEST, a mission 
now under consideration at the 
European Space Agency. The 
mission’s spacecraft would look 
for fuzziness in the beam, which 
in orbit should only be caused 
by quantum gravity. That would 
provide a link between quantum 
mechanics and relativity.
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Decoding dolphin 
Finding patterns in their whistles could help us communicate with 
dolphins. It may have already happened, reports Hal Hodson

IT was late August 2013 and Denise 
Herzing was swimming in the 
Caribbean. The dolphin pod she 
had been tracking for the past 
25 years was playing around her 
boat. Suddenly, she heard one of 
them say, “Sargassum”.

“I was like whoa! We have a 
match. I was stunned,” says 
Herzing, who is the director of  
the Wild Dolphin Project. She  
was wearing a prototype dolphin 
translator called Cetacean 
Hearing and Telemetry (CHAT) 
and it had just  translated a live 
dolphin whistle for the first time. 

It detected a whistle for 
sargassum, or seaweed, which she 
and her team had invented to use 
when playing with the dolphin 
pod. They hoped the dolphins 
would adopt the whistles, which 
are easy to distinguish from  
their own natural whistles – and 
they were not disappointed.  
When the computer picked up  

the sargassum whistle, Herzing 
heard her own recorded voice 
saying the word into her ear.

As well as boosting our 
understanding of animal 
behaviour, the moment hints at 
the potential for using algorithms 
to analyse any activity where 
information is transmitted – 
including our daily activities  
(see “Scripts for life”, below). 

“It sounds like a fabulous 

observation, one you almost  
have to resist speculating on. It’s 
provocative,” says Michael Coen,  
a biostatistician at the University 
of Wisconsin-Madison.

Herzing is quick to acknowledge 
potential problems with the 
sargassum whistle. It is just one 
instance and so far hasn’t been 
repeated. Its audio profile looks 
different from the whistle they 
taught the dolphins – it has the 

same shape but came in at a 
higher frequency. Brenda 
McCowan of the University  
of California, Davis, says her 
experience with dolphin 
vocalisations matches that 
observation. 

Thad Starner at the Georgia 
Institute of Technology and 
technical lead on the wearable 
computer Google Glass, built 

CHAT for Herzing with a team of 
graduate students. Starner and 
Herzing are using pattern-
discovery algorithms, designed  
to analyse dolphin whistles and 
extract meaningful features that  
a person might miss or not think 
to look for. As well as listening out 
for invented whistles, the team 
hopes to start trying to figure  
out what the dolphins’ natural 
communication means, too. 

McCowan says it’s an exciting 
time for the whole field of animal 
communication. With better 
information-processing tools, 
researchers can analyse huge  
data sets of animal behaviour  
for patterns. 

Coen is already doing 
something like this with white-
cheeked gibbons. Using similar 
machine-learning techniques  
to those used by Starner and 
McCowan, he has found 27 
different fundamental units in 
gibbon calls. 

McCowan, meanwhile, has 
recently modelled the behaviour 
of rhesus macaques at the 
National Primate Research Center 
in California. The idea is to predict 
when the macaques would 
descend into the violent social 
unrest known as “cage war” that  
often leads to the death of the 
alpha family.

Her team started collecting 
data, making 37,000 observations 
of key signs of dominance, 
subordination and affiliation  
over three years. Among other 

“ A prototype dolphin 
translator translated a  
live dolphin whistle for 
the first time”

–Go on, say seaweed again–

Thad Starner wants you to be the 
next guinea pigs for the algorithms 
he uses to study animal 
communications (see main story). 
He thinks pattern-recognition 
software can discover the signature 
of any activity, from brushing your 
teeth to commuting to work. As 
technical lead on Google Glass, he 
wants to create wearable computers 

that learn what the wearer is doing.
“Imagine having sensors on your 

wrist, and as you go through daily 
life, it could figure out what paging 
through a book is, opening the car 
door. All these things are unique 
gestures.” Put together they are 
scripts, Starner says. “Just by 
wearing the device it learns how  
to interact with the world.”

SCRIPTS FOR LIFE

>
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things, their analysis showed  
that cage stability improved if  
new young adult males were 
introduced now and again as they 
seemed to grow into “policing” 
roles. “You had to look at the  
data,” McCowan says. “It wasn’t 
something a human could see.”

Terrence Deacon, an 
anthropologist and neuroscientist 
at the University of California, 
Berkeley, explains that some 
pattern of repetition is a basic 
requirement when information  
is transmitted. In other words, if 
Herzing’s dolphins or McCowan’s 
macaques are exchanging 
information, if their behaviour  
is not just random, meaningless 
noise, then there must be some 
discoverable patterns. 
Information theory can find out 
what those pattern are, which 
parts of a whistle are important, 
helping behaviourists figure out 
what animals are communicating.

The first results from Starner 
and Herzing’s work on dolphin 
communication-processing are 
due to be presented at the speech 
and signal processing conference 
in Florence, Italy, in May. Last 
summer’s work was cut short 
because the team lost the dolphin 
pod, but they did make some 
progress. Starner’s algorithms 
discovered eight different 
components in a sample of 73 
whistles. It’s still preliminary, but 
they were able to match certain 
strings of those components with 
mother-calf interactions, for 
instance. The work has let them 
plan for the coming summer 
when they want to confirm two-
way communication between 
humans and dolphins.

Deacon is excited to see if  
such work can lead to a better 
understanding of animal cultures. 
He suspects much animal 
communication will turn out to 
be basic pointing or signposting 
rather than more complex 
language. But humans often 
communicate on a basic level too. 
“I don’t see a fundamental white 
line that distinguishes us from 
other animals,” he says.  ■
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Talk to the head
They’re just a bit creepy, but soon robots disguised 
as our friends will be putting a face to phone calls

Paul Marks

THE spooky robotic head was 
watching me. As I passed by, it 
followed me with its eyes and slowly 
craned in my direction. Then it spoke, 
its animated lips moving realistically 
as it promoted an imminent 
crowdfunding campaign. When I stood 
still, it looked me over: its sensors 
examined my face and counted up  
my wrinkles. Then, rather annoyingly, 
it correctly guessed my age. 

I was interacting with SociBot-Mini, 
a 60-centimetre-high robot built by 
Will Jackson and his colleagues at 
Engineered Arts in Penryn, UK. The 
model is one of their first generation of 

robots, already on sale. The company 
bills it as a futuristic information 
terminal that people could interact 
with in a mall, airport or bank, say. 
And if the Kickstarter campaign is 
successful, a cheaper, slimmed-down 
version will follow for home use, as  
a kind of personal assistant. 

“Today’s computer interfaces  
have moved on very little from the 
typewriter,” says Jackson. “We have 
social software and a social internet, 
but we don’t have social hardware.”

SociBot-Mini uses a depth-sensing 
camera – similar to Microsoft’s Kinect 
system – to capture and recognise 
gestures. It can also capture facial 
expressions using a webcam. 

Computer vision software lets it 
perform tricks like recognising people, 
working out someone’s mood from 
their grimaces and smiles – and 
guessing their age. It also has some 
understanding of speech and comes 
with chatbot software based on 
Rosette, which in 2011 won the 
Loebner prize, awarded for a 
computer’s ability to hold simple 

conversations. The idea is to build a 
system that people enjoy working 
closely with. “It’ll become a butler who 
knows you inside out,” says Jackson. 

Its transparent plastic face has 
contours for a nose, mouth and eyes, 
and is backlit with a digital projector. It 
can display a generic face like the one 
that sized me up, or create one based 
on a headshot of a friend or colleague 
to add telepresence to voice calls. 

“It’s as spooky as all hell,” says 
Jackson. “We’ve tried it with a couple 
of our telecommuting colleagues in 
meetings and when it suddenly turns 
and joins in the conversation as our 
colleague Dan, and with his face, it  
is quite amazing. But you get used  
to it quickly.” 

I ran into SociBot-Mini at the 
Human-Robot Interaction conference 
in Bielefield, Germany, earlier this 
month. It isn’t the only one of its kind. 
At the Royal Institute of Technology 
in Stockholm, Sweden, Samer 
Al Moubayed is developing an 
animated head called Furhat to 
which 3D-printed faces can be 
attached. The idea is to take infrared 
scans of someone’s friends and print 
their faces, so that the appropriate 
one can be used just before the 
person calls them.

It sounds like a palaver, but Al 
Moubayed says being able to animate 
the 3D printed face of a real person 
lends extra authenticity to the 
telepresence experience. Skype is 
interested in the project, and will 
team up with the group developing 
Furhat to bring animated delegates  
to the Interspeech conference in 
Singapore in September.  ■

“ When the robot joins  
the conversation as our 
colleague, and with his 
face, it is quite amazing”

–Who needs a webcam?–
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MORE than 100 million people 
around the world are exposed to 
dangerous levels of arsenic, which 
is found naturally in groundwater 
but has no obvious taste or odour. 
Its effects build up over time, 
slowly poisoning the body and 
leading to serious problems like 
heart disease, cancer and 
reproductive issues. Now a project 
aims to filter it out of drinking 
water – and lock it up in the 
concrete of new buildings. 

A team at the University of 
California, Berkeley, is planning a 
trial to filter 10,000 litres of water 
every day in rural sites across 
India. Susan Amrose and her team 
have designed a container that 
can hold 600 litres of water 
pumped in directly from a nearby 
well. Inside, it is fitted with a 
series of steel plates. A small 
voltage runs through the plates, 
making them rust more quickly. 
Arsenic binds to the rust as it 
forms and falls to the bottom of 
tank, where it is collected as rusty 
sludge. The treated water is then 
pumped out.

The technology has already 
been tested at a rural high school 
in Dhopdhopi, south of Kolkata, 
and now the team plans to start 
a year-long trial in which local 
people manage the filtration 
themselves. To get rid of the 

hazardous sludge, the group is 
partnering with local concrete 
companies. The waste does not 
make the concrete dangerous, 
although they are testing to see if 
the material’s strength is affected. 

“I think stabilising hazardous 
waste in concrete is something 
that’s going to become more 
common. It makes sense, because 
there are so many roads being built 
in India right now,” says Amrose. 

Rick Johnston of the World 
Health Organization says that for 
many people in developing Asian 
countries such as Bangladesh, 
India and Nepal, water filtration is 
not always a top priority. “It’s hard 

to balance a long-term risk  
with short-term issues that are 
immediately visible like food, 
electricity and education,” he says. 
“It’s too easy to put a risk like 
arsenic on the back-burner.”

But the system is not just for 
poorer nations. The team is 
considering creating a prototype 
for filtering drinking water in 
parts of California, such as the 
San Joaquin Valley, where arsenic 
levels are high.  Aviva Rutkin  ■

Sun worship – without sunscreen
Soak up the rays without the burn. A wristband that monitors 
exposure to UV rays allows people to safely soak up the  
light needed to make vitamin D. The $50 SunFriend went on 
sale this week at the Wearable Technology Show in London, 
before general release in May. People input their skin 
sensitivity – estimated on a scale from 1 to 11 – and LED  
lights illuminate as their UV exposure increases. The lights 
flash when it is time to get out of the sun. 

“In this case, we took extraordinary 
actions based on the specific 
circumstances”
John Frank, deputy general counsel at Microsoft, defends his 
firm's decision to read emails from a journalist's Hotmail account 
when trying to hunt down a leak. The move has caused outrage 
among privacy campaigners

Beating Turkey’s Twitter blackout
Turkey has blocked access to Twitter after allegations of 
government corruption were spread using the site. The 
censorship has been condemned worldwide. People have 
been quick to find ways to evade the ban, turning to virtual 
private networks, which let you access Twitter via other 
countries, and the Tor anonymising network. Twitter 
itself publicised the fact that people can send tweets 
via SMS messages. 

Robots to talk at TED
Stephen Hawking, Bill Gates and Bono have all done it. 
Soon robots will have a chance to deliver their own TED 
talks. That’s the next challenge for the field of artificial 
intelligence, announced last week by the non-profit X Prize 
Foundation. The rules will be designed with the help of 
crowdsourcing, but the  plan is to give robots 30 minutes to 
put together and deliver a 3-minute talk on a subject chosen 
by the audience. Afterwards, they will have to field questions 
from the host and a panel of experts.

–No choice but to drink–

Stealth toxin coaxed 
from drinking water 

“In developing countries 
such as Bangladesh, India 
and Nepal, water filtration 
is not always a top priority”
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Machines write the news
Last week, a robot wrote a breaking story. But it wasn’t the first

JUST 3 minutes after an earthquake 
hit California last week, the Los 
Angeles Times broke the story.

The short web article seemed 
ordinary. It covered all the major 
details – when the quake hit, its 
magnitude and how far it spread. 
The only sign of anything unusual was 
the final sentence, which ended with: 
“this post was created by an algorithm 
written by the author”. In other words, 
the article was put together by a robot.

Once readers realised the story was 
computer-generated, it attracted a lot 
of attention. But quite a few machines 
already write the news. Forbes 

magazine uses a company called 
Narrative Science, in Chicago, to 
robotically report on corporate earnings. 
And Narrative Science started working 
with ProPublica in January to create  
an application to write summaries of 
52,000 schools in a database. 

The earthquake algorithm, 
nicknamed Quakebot, isn’t the 
only robot reporter used by the 
Los Angeles Times. The 
newspaper’s Mapping LA project 
has bots to compare neighbourhoods, 
and its website, The Homicide 
Report, automates posts about 
murders in the city.

Although robot reporters cannot yet 
file fascinating 2000-word features 
for New Scientist, early indications of 
their skills are promising. A study last 
month in Journalism Practice found 
that none of a group of 30 readers 
could reliably discern whether a sports 
article was written by a human or a bot 
(doi.org/r2g). Those reading the 
automated article found it trustworthy 
and informative, albeit a bit boring.

“Would this replace real reporters? 
I would say no,” says Christer Clerwall 
of Karlstad University in Sweden, the 
study’s author. He believes that robots 
will continue to be given mundane, 
data-aggregating stories, leaving more 
complex tasks like narrative and 
eyewitness reporting to humans. 

But robot reporters have plenty of 
benefits, says Quakebot creator Ken 
Schwenke. “We had it up and we had it 
first and we had the information out 
for people,” he says. “If we can 
automate it, why not?”

Just like statistician Nate Silver, 
who famously predicted the last US 
election result, robot journalists are 
all about data. They write stories by 
crunching spreadsheets full of sports 

“We had it up first and we 
had the information out 
for people. If we can 
automate it, why not?”
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INSIGHT Robot journalism

–Time for a lie in–

scores, sales numbers or stock market 
fluctuations. When it comes to pure 
computing power, bots will beat 
humans every time.

Quakebot works by filling in gaps. 
When the US Geological Survey sends 
an email alert about an earthquake, 
Schwenke’s bot parses the email, slots 
the data into a template and uploads 
the article to the newspaper’s content 
management system. It even sends an 
email to tell the editors to look it over.

Other approaches are more complex. 
Automated Insights in Durham, North 
Carolina, builds robot reporters that 

look for interesting trends. They scour 
data to focus on stories that are of 
interest to only a small audience –  
like recaps of how someone’s fantasy 
football team has performed, or 
summaries of recent web statistics.

In 2013, the company churned out 
300 million pieces of content. Most 
journalists, says CEO Robbie Allen, 
want to write one article that will be 
read by lots of people. Automated 
Insight’s goal is to do the opposite.

“We’ll create a million pieces 
of content that we hope a million 
people read just one of,” he says.  
Aviva Rutkin  ■
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Mismatched mountains
WHAT a striking display of the greatest powers 
on Earth: layers of rock, stacked over millions of 
years, ripped apart by tectonic forces. 

This satellite image is of the Piqiang fault in 
north-western China. The horizontal stripes are 
geological layers that have been scrunched up 
and pushed to the surface by the Indian tectonic 
plate colliding with the Eurasian plate. In each 
band of stripes the coloured layers from green  
to red  span about 50 million years, capturing  
pivotal moments in our planet’s history.

Take, for example, the lower green layer, 
representing the moss blankets that thrived in 
the Silurian period. It gives way to a thin, pale blue 
stripe in the middle, formed in the early Devonian, 
around 400 million years ago. This is when ferns 
and shrubs came into their own, full of insects and 
other creepy-crawlies like mites and scorpions. 
By the mid-Devonian – the large red band – rooted 
shrubs had cropped up, soon followed by Earth’s 
first trees. 

A deep vertical fault line splits the mountains 
in two. Those to the right of the picture are  
sliding northwards at a rate between 5 and 10 
centimetres a year – “about as fast as your 
fingernails grow,” says geologist John Cosgrove 
of Imperial College London. As you can see, they 
have been travelling for quite some time. The 
3 kilometre offset between them took tens of 
thousands of years to form.  Catherine Brahic

Photograph
Landsat/USGS/NASA
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A spill’s long legacy
Oil from the Exxon Valdez spill lingers, as do disputes about its impact 
on wildlife. John Wiens asks what 25 years of research can tell us

IN LATE March 1989, the 
supertanker Exxon Valdez ran 
aground on Bligh Reef in Prince 
William Sound, off southern 
Alaska. More than 40 million 
litres of crude oil spilled into the 
frigid waters. Pushed by a late 
winter storm, the oil eventually 
contaminated 2100 kilometres 
of remote, rocky shoreline.

It is estimated that it killed as 
many as 250,000 seabirds, 2000 
sea otters, 300 harbour seals, 250 
bald eagles and untold numbers 
of invertebrates living on nearby 
rocks and beaches. Fisheries 
closed, people’s lives were 
disrupted, and so lawyers went  
to work. Exxon faced a $5 billion 
damages claim for the worst  
spill in US coastal waters at the 
time, only since surpassed by  
the Deepwater Horizon disaster  
in the Gulf of Mexico.

Practical measures quickly 
followed. Coast Guard and  
state oversight to help protect  
the sound was improved, 
containment and clean-up 
equipment was stockpiled in the 
area in case of future disasters 
and local fishermen were trained 
to respond to a spill. Tugs now 
escort tankers through the 
sound and many new ships have 
double hulls.

Scientists also set to work, 
documenting what happened to 
the oil, its effects and the recovery 
of wildlife. The spill became the 
most intensively studied in the 
history of the oil industry. 

By and large, these studies 
showed that nearly all of the oil 
disappeared from shorelines 
within a few years and most of 
the wildlife recovered within  

a decade or less. Yet bones of 
contention do remain.

Some oil from the spill is still 
there, buried under boulders. 
Although most of it is highly 
weathered and in small deposits 
scattered over a tiny fraction  
of the affected shoreline, it 
represents a lingering vestige 
of the disaster.

And naturally there are fears it 
could still be damaging wildlife. 
Concerns have been raised about 
harm to harlequin ducks and sea 
otters, which both feed in affected 
areas and could be exposed to this 
oil if deposits are disturbed when 
the otters dig for clams. 

So is this actually happening? 

Tissue samples, some as recent 
as 2013, showed that levels of  
the protein cytochrome P450 1A, 
an indicator of exposure to 
hydrocarbons, in the livers of 
ducks and otters were higher in 
areas that were oiled by the spill 
than in nearby areas that weren’t. 

This finding reinforces the 
suggestion that huge spills can 
have long-lasting ecological 
effects. Taken in isolation,  
such a result looks worrying.

Thanks to the combined  

efforts of petroleum reservoir 
engineers, microbiologists, 
chemists, geomorphologists  
and ecologists, we now have a 
complete picture.

They showed that the residual 
oil had, in general, buried itself 
beneath boulders or cobbles 
in a way that meant it was safely 
sequestered from the seawater, 
and the toxicity of any 
hydrocarbons released would 
in any case be rapidly diluted. 

Biochemists also observed  
that the protein marker in the 
ducks and otters is triggered  
by exposure to a wide array of 
hydrocarbons, as well as other 
compounds, many of which are 
expected in a busy shipping and 
fishing area with a long history  
of shoreline industry. So it isn’t  
a reliable indicator of exposure  
to Exxon Valdez oil alone.

Ecological-risk modellers  
also demonstrated that the 
probability of exposure to 
lingering oil, much less any ill 
effects, were vanishingly small. 
Finally, the oil is in areas that  
have few clams, and so are 
unattractive to otters in any event. 
We know that oil residues persist 
in a few scattered locations, yet 
equally we know that they no 
longer pose a threat to wildlife.

Science has worked as it should. 
Initial findings led to additional 
work, which helped to resolve 
uncertain or inconsistent results. 
But after the spill, disagreements 
of this nature often festered. 
Shouldn’t the effects of 
something as overwhelming 
as an oil spill be obvious? 

Distinguishing between  
the impact of the spill and 

“ Shouldn’t the effects 
of something as 
overwhelming as an  
oil spill be obvious?”
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Troubled waters
A massive canal across Nicaragua would be an ecological disaster, 
says Jorge Huete-Pérez. He wants the world to help him stop it

PROFILE
Jorge Huete-Pérez is the director of the Center  
for Molecular Biology at the University of Central 
America and the president of the Nicaraguan 
Academy of Sciences. He is leading opposition  
to a canal that would bisect the country

You oppose plans for a canal across 
Nicaragua. What do they entail?
There’s not much information. This is a major 
construction project, crossing from ocean to 
ocean, but the bill was approved in just three days 
by the National Assembly. It says the canal could 
go through any region, but the route preferred  
by the Chinese company contracted to build the 
canal seems to be through Lake Nicaragua, the 
largest lake in Central America. 

Why are you and others so concerned?
Environmental impact and economic feasibility 
studies would take at least a couple years. We 
haven’t seen either, even though Nicaraguan law 
requires the government to do them before giving 
consent for any major project. No scientists here 
were consulted, nor any ethnic communities – 
whose rights to the land the canal would violate. 

What are the arguments in favour of the canal? 
The government claims that a major 
infrastructure project will bring a lot of jobs, and 

that eventually Nicaragua will be making a lot of 
money. But they’re pulling these numbers out of 
the air; we haven’t seen any data. Our economists 
say the numbers just don’t add up. 

Also, a major project like this will need a lot of 
specialists, which Nicaragua doesn’t have. That 
means bringing in outside professionals. People 
are worried that this canal will be owned and run 
by a foreign country. I don’t see how that could lift 
the country out of poverty. 

What alternatives are there to improve the 
economy in Nicaragua?
The lake could be used to export water to other 
Central American countries, like El Salvador, which 
has serious drinking water issues. Also, in the past 
25 years, Nicaragua’s tourism industry has grown 
to the point that we can compete with countries 
like Costa Rica. Ecotourism could be a major 
industry for Nicaragua. 

What natural heritage is at risk?
We can say for sure there will be damage to the 
lake’s ecosystems. Lake Nicaragua is an important 
drinking water reserve, and communities depend 
on it for fishing. Many species live there, including 
cichlids, which have been important for studying 
evolution. On the beaches, there are also nesting 
sea turtles and as you go inland, many, many 
species, including jaguars and tapirs. It’s not just a 
few species under threat, but whole ecosystems 
containing hundreds of thousands of species.

What action are you and others taking?
There were 32 lawsuits filed against the bill, but 
the government has dismissed them all. So now 
the Academy of Sciences is trying to organise an 
independent, multidisciplinary group to study this 
problem, and we are urgently requesting help 
from international experts. Caring for the Earth is 
a responsibility for all of humanity. This problem 
shouldn’t be left for Nicaragua to deal with  
alone. I’m afraid that the government is going to 
start digging — perhaps as soon as this December 
— and nobody will have said anything. 
Interview by Rachel Nuwer

everything else was challenging. 
Comparisons with pre-spill 
conditions or between areas  
with oil deposits and unaffected 
areas were confounded by 
environmental variation. Some 
studies assumed that the spill 
must have caused damage, while 
others made no prior judgment, 
leading to different questions  
and statistical designs. Studies 
varied in the criteria used to 
assess recovery or the standards 
used to evaluate evidence.

Some disagreements might 
have been avoided had there  
been better communication. But 
scientists were often partitioned 
by the litigation that followed the 
spill, stifling communication. 
Otherwise, unstated assumptions 
and methodological pitfalls could 
have been exposed and study 
designs shared.

Conducting rigorous science 
after a spill is not easy, but it can 
be done. Preconceptions must be 
minimised. Lessons about data 
and study design are obvious  
in hindsight, but they can easily 
be forgotten in the emotional 
atmosphere and urgency that 
follow a major spill. 

Cooperation and openness  
are essential. The Exxon Valdez 
has taught us many things that 
may help avoid such protracted 
disputes in the future.

The lessons of the disaster are 
timely. As the Arctic warms and 
the ice melts, oil development  
in remote, cold-water areas  
like Prince William Sound will 
accelerate. The likelihood of spills 
will increase. 

The people who have lived in 
these places for generations, and 
the biologically rich ecosystems 
on which they depend, will be 
especially vulnerable. And if the 
worst happens, they will want 
answers too.

John Wiens is chief scientist at ecology 
research group Point Blue in California, 
US. He is also the editor of Oil in the 
Environment: Legacies and lessons of 
the Exxon Valdez oil spill (Cambridge 
University Press)
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immune system, they only leave when  
our bodies become unsafe for them. So, say 
you catch a virus like the flu and you get 
all these symptoms – the bacteria may react 
by leaving the biofilm to look for a safer 
environment. Or you may be exposed to 
new bacteria that come in and shake things 
up, making the biofilm bacteria disperse to 
look for somewhere else to go. In both cases, 
there must be some kind of active signal 
that causes them to be released. We can use 
biofilm technology to study these signals, 
and if we can understand them, then maybe 
we can control them.

You invented a way to grow biofilms that more 
closely mimic how they function in our bodies. 
What tools were there before?
Previous biofilm models were grown on 
plastic in the lab, which is useful for studying 
kinds that grow on things like catheters, but 
completely different from what you find in 
our bodies. To get bacteria that only live in the 
body to form biofims on plastic doesn’t help 
us to learn more about how they act inside us. 
In order to get them to form biofilms on 
plastic, you have to remove the external shells 
that protect them from our immune systems. 
If you put a bacterium without a shell into a 
mouse, for example, it won’t form a biofilm 
and the immune system throws it right out.

OPINION  INTERVIEW

Where bacteria hide
Many of the bacteria in our bodies live in walled mini cities. That has some very 
important medical implications, biologist Anders Hakansson tells Robyn Braun

Inside our bodies, bacteria hide in enclosed 
communities called biofilms. What are they?
They are a way that bacteria aggregate, usually 
in pretty intricate architectural features. They 
are like little cities, with towers and water 
channels. Different bacteria form different 
kinds of biofilms, but they always produce 
some kind of matrix around themselves that 
acts as a protective coating. Many bacteria, 
including Streptococcus pneumoniae, which 
causes pneumonia, use dead cells to do this. 

How do these little bacterial cities work?
In the biofilm, bacteria act a lot like an 
organism. Different bacteria and regions 
within the biofilm have different functions. 
Some retrieve nutrients or fix nitrogen, some 
might be good at taking up DNA from within 
the biofilm, and some even sacrifice 
themselves for the benefit of the community. 

The bacteria also communicate with one 
another. They can sense oxygen levels in their 
environment, so depending on their location, 
some might increase their metabolism or, if 
there are few nutrients, stop metabolising. We 
think of bacteria as individuals, but in biofilm 
communities they’re also altruistic.

Most of us think of bacteria as single cells – 
when did people first begin to understand 
these biofilm communities?
Traditionally, to study disease, people always 
grew bacteria in culture in the lab. They didn’t 
look directly at snot, for example. When we 
grow bacteria in a broth or on a plate, they 
always grow as single cells. 

By the 1990s, we understood that bacteria 
grow in biofilms, and that these are associated 
with disease and the spread of disease. But it 
wasn’t until the past decade that the link 

became clearer – for example, in 2006 
researchers showed that people with chronic 
sinusitis had S. pneumoniae biofilms in the 
tissue that lines their sinuses.

Do biofilms help us understand how bacteria 
can make us sick?
Biofilms can survive on surfaces for a long 
time and their spread is key to disease 
transmission. Biofilms are also where bacteria 
hide from our immune system, which is just 
what they want – to be spread among people 
and get carried around.

The development of antibiotic resistance 
through the transfer of DNA from one 
bacterium to another can also happen in  
the biofilm. Until recently, we studied the 
transfer of genetic traits from one organism  

to another in infection models based on  
single cells, not biofilms. But for the many 
Streptococcus species, DNA transfer is much 
more efficient during biofilm colonisation. 
With Michael Federle at the University of 
Illinois at Chicago, we have actually shown 
that for certain types of Streptococcus, DNA 
transfer only happens in a biofilm.

What else do we know about the way that 
biofilms work?
We know that most of the time bacteria  
within biofilms don’t make us sick. It is 
 when they leave that they cause problems. 

In the biofilm, bacteria are safe from our 

PROFILE
Anders Hakansson is a microbiologist and 
immunologist at the University at Buffalo, the State 
University of New York, where he investigates the 
bacteria that cause pneumonia. He has developed a 
way to grow bacterial biofilms that behave as they 
would if they were inside the human body 

“ People grew bacteria in 
culture in the lab. They 
didn’t look directly at snot”
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So how did you make a better model?
We were interested in an antimicrobial 
protein complex in human milk known as 
HAMLET, which causes tumour and bacterial 
cells, but not healthy cells, to die off. We knew 
we could kill bacteria with it. But we began  
to understand that the bacteria we were 
targeting made biofilms that made them 
more antibiotic-resistant. We needed a model 
system to test whether our protein could kill  
the bacteria in a biofilm.

So we made a surface out of the human 
epithelial cells that make mucus. We grew a 
biofilm on this that contained everything it 
would have had if it had been inside a person. 

Did the milk protein cause bacteria to die in 
your realistic biofilms?
The HAMLET protein complex doesn’t  
work terribly well against biofilms on its  
own, because they are very resistant to 
antibiotics. But we’ve noticed that HAMLET  
has a tendency to sensitise bacteria  
to antibiotics. So the combination of  
HAMLET and antibiotics can be effective.

What other kinds of antimicrobials or vaccines 
might destroy biofilms?
It depends on the type of bacteria and where 
they are in our bodies. There’s a lot of work 
being done to figure out how to disperse the 
bacteria in biofilms, which makes them more 
susceptible to antibiotics.

That approach could cause problems 
though. More than half of biofilm bacteria 
don’t cause disease while they are in the 
biofilm – they’re not actually bad for us and  
in some cases they might even be good for us. 
Intestinal flora that make biofilms in our gut 
can help protect us from harmful bacteria,  
for instance. Getting rid of them would change 
the make-up of the microflora in our bodies, 
which can introduce its own problems. 
Adapting to these microbes has been a long 
evolutionary process. They sometimes make 
us sick, but we don’t know if it might cause 
more trouble to have different bacteria there. 

Are there other approaches that could destroy 
harmful biofilms?
There are materials in development that make 
it more difficult for bacteria to form biofilms 
in the first place. This would be ideal for things 
like catheters and tools in hospitals. 

But we should bear in mind that we evolved 
with these microorganisms. Most of us need 
some exposure to bolster our immune 
systems. Beyond that, of course, the best 
strategy is to remember to wash your hands.  ■

For more opinion articles, visit newscientist.com/opinion

Photographed for New Scientist by Finn O’Hara
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Standards of success 
From Maureen Norrie
The overall thrust of Michael 
Bond’s feature on how to succeed 
(8 March, p 30) seems to be that 
success is related to high positions 
in socially prestigious occupations, 
and to world-changing deeds, such 
as those recognised by the Nobel 
committee. 

Linking such positions and 
achievements with intelligence 
relegates those roles on which we 
rely for survival to the less 
intelligent. Examples quoted are 
the police, craftsmen and clerical 
workers. Perhaps we should 
redefine success as the ability to 
do what our hearts’ desire – and 
doing it well. 
Stockton-on-Tees, County 
Durham, UK

From Charles T. Ross 
When it comes to judging the 
achievements of those in 
education, the one-size-fits-all 
approach of exams and league 
tables is convenient for 
administrators and politicians,  
so we are unlikely to see much 
change any time soon. However, 
the internet will constructively 
destroy the existing education 
behemoth. Distance learning  
and freely available online courses 
are the future. The message to the 
younger generation is to go out 
and grab the future, don’t expect 
the older generation to hand it to 
you on a plate. Nowadays they do 
not know how to.
Devizes, Wiltshire, UK

Slow life
From Peter Inkpen
Michael Slezak reports that the 
tools for cellular fusion may  
have been co-opted from viruses 
(1 March, p 16). Why then did it 
take around 2.7 billion years for 
cells to incorporate and adapt 
these viral genes for their own 
use? This Precambrian period is 
an unimaginably vast span of 
time representing many trillions 
of cell generations. In comparison 
to the most recent 600 million 
years, characterised by the 
enormous diversification of  
plant and animal species, it  
seems as though life was stuck  
in an evolutionary slow gear for 
most of the Precambrian.
Little Chalfont, UK

Off radar 
From Harry Hopkins
The disappearance of Malaysia 
Airlines flight MH370 (15 March, 
p 6) brings the disadvantage  
of secondary radar to the fore, 
which is that the aircraft has to be 
“cooperating” to be seen. Primary 
radar is primitive, but it gives a 
picture of everything in the air 
around. The nuisance of the 
primary radar beam reflecting off 
rain-bearing clouds was one of the 
main reasons it was relegated, and 
now its main civilian role is to 
keep an eye on the development 
of these storm clouds. There are 
primary radars around the Gulf  
of Thailand, it is surprising and 
disappointing that useful data on 
the vanished flight’s path did not 
quickly become available.
Cheltenham, Gloucestershire, UK

Cave calendar 
From J. Malcolm Wilkinson
Reading a book on Stonehenge 
and other prehistoric structures 
by Gerald S. Hawkins, I came 
across some doodle-like patterns 
that resembled the ones shown in 
Alison George’s article on cave art 

and the origins of intelligence 
(23 November 2013, p 36). The 
examples from caves in Canchal 
de Mahoma and La Pileta in Spain 
show a series of spots and lines 
that have been interpreted as 
recording the phases of the moon. 
Could the same explanation, a 
primitive record of the moon’s 
phases and seasons of the year, 
apply to the drawings from El 
Castillo in your article? Perhaps 
the world’s oldest calendar?
Chesterfield, Derbyshire, UK 

Green bills
From Paul Sax
I am surprised to see an important 
point missed in Reg Platt’s 
discussion of energy-saving 
policies (15 March, p 28). The  
more consumers save energy,  
the less profit that private energy 
companies would make, therefore 
prices would rise to maintain 
profit levels. That is just one 
reason these companies sabotage 
those government-led energy-
saving policies now referred  
to as “green crap” by UK prime 
minister David Cameron’s 
“greenest ever government”. 
Bradford on Avon, Wiltshire, UK

Welcome weed
From Bill Alexander
Your article on New Zealand’s 
shake-up of its drug laws showed 
how it is leading the way on drug 
prohibition (8 March, p 40). If only 
the country would decriminalise 
people growing marijuana plants 
for their own use, as several parts 
of Australia have done. It used  
to grow wild on the roadsides in 
New Zealand and was so easily 
available that it was sometimes 
sneaked into commercial 
cigarettes by tobacco workers. In 
the late 1960s, because of the tax 
potential, the effects on lowering 
alcohol consumption and the 
proliferation of “hard” drugs, 
marijuana was reclassified as a 
“dangerous” drug. At the time I 

was the national police reporter 
for the New Zealand Broadcasting 
Corporation’s radio and television 
news. A high-ranking officer in 
the Wellington Drug Squad told 
me that the police were not 
worried by young people’s use  
of marijuana but had a growing 
problem with “hard” drugs 
sourced through what they 
described as medical 
“professionals”.
Ottawa, Canada

Vanishing brains 
From Guy Cox 
The topic of Boltzmann brains  
is raised once again in Joseph 
Silk’s look at the philosophical 
challenges facing modern 
cosmology (8 March, p 26).  
But he doesn’t mention that in 
Boltzmann’s time the universe 
was seen as static. In such a 
universe, with infinite time,  
any interaction can take place.  
We now know that the universe  
is expanding and this seriously 
changes the picture. The further 
apart particles are, the less likely 
any particular interaction 
becomes. This expansion is 
accelerating, so with the passing 
of time it becomes less and less 
likely that Boltzmann brains 
could form. If there aren’t any 
around now, the probability is 
against there being any in the 
future. Bye-bye Boltzmann brains.
Sydney, Australia

From Adrian Ellis
Silk’s article mentions both the 

OPINION  LETTERS
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fine-tuning problem and 
Boltzmann’s “well-ordered 
universe” problem. There is a 
logical conclusion that resolves 
both these problems: that the 
universe is a construction. This 
answer may look to be a theistic 
cop-out, but it does seem 
scientifically sound.
Hampton, London, UK

Stock movement 
From Steve Dalton
I struggled to see anything novel 
in Lisa Grossman’s story on how 
Brownian motion can describe 
stock market movements 
(8 March, p 11). In 1973, Fischer 
Black and Myron Scholes 
published what is now known as 
the Black-Scholes-Merton model, 
whose central assumption is  
that stock prices are driven by  
a Brownian motion stochastic 
process. Since then, enormous 
amounts of time have been  
spent by financial quantitative 
analysts comparing actual  
market behaviour with that 
model. Refined models have  
been proposed that allow the 
modelling of jumps to reflect 
markets reacting strongly to  
good or bad news, which can be 
impossible to model sensibly  
with Brownian motion alone.
Chipstead, Kent, UK

Giraffe autopsy 
From Rohan Chadwick 
I cannot avoid responding to Peter 
Monck’s letter regarding the cull 
of the giraffe in Copenhagen Zoo 
(8 March, p 28). I personally think 
the zoo did an excellent job of 
ensuring that the best was made 
of an unfortunate situation. The 
meat wasn’t wasted, and the 
public autopsy was a great way of 
educating those present. I think 
you did a good job of telling the 
facts and allowing us to make up 
our own minds on whether it was 
right or wrong. 
Bristol, UK

From Peter Hohmann
When I die I would donate my 
body to science where it could  
be dissected to train the next 
generation of doctors, benefiting 
my species. So perhaps the giraffe 
dissection should have been 
performed in front of veterinarian 
students, because interacting 
with live giraffes would be more 
likely to inspire young children.
Thornlie, Western Australia

Fusion fuel
From Eric Kvaalen 
Clive Semmens is right that 
current fusion reactions require 
the production of tritium fuel 
(15 March, p 32). The hope is that 
most of the tritium can be 
produced from the neutrons 
given off during the reaction,  
but some would need to be 
produced in fission reactors. 
However, there are other options, 
including deuterium-deuterium 
fusion. This requires a somewhat 
higher ignition temperature and 
produces less power per unit 
volume at a given pressure, but  
it does not require tritium. 
Les Essarts-le-Roi, France

Worrying lines 

From Katrina Murray 
Your review of John Brockman’s 
book What Should We Be Worried 
About? made me think it would  
be a very interesting read 
(1 March, p 53). But I think most 
people have quite enough on  

their plates without more to think 
about. I suggest a slightly more 
optimistic topic for his next book, 
What we can do about it. 
Woking, Surrey, UK

Open minds
From Ian Gammie
Further to the discussion about 
whether other countries should 
mimic free-thinking schools in 
Venezuela in letters by Jonathan 
Fanning (1 March, p 32) and Derek 
Williams (1 February, p 32). The 
conundrum is surely that the 
protesting students of San 
Cristóbal, some of whom have 
been shot down in the streets, are 
presumably the product of free-
thinking education, while the 
government is run by economic 
boneheads who have failed  
to invest in the country’s long-
term well-being, and preside  
over the highest inflation in  
South America and one of the 
highest murder rates in the  
world. Perhaps the free-thinking 
should have started with the 
politicians. 
St Albans, Hertfordshire, UK

No war 
From Ian Gregory 
You have confirmed my suspicion 
that there may be no quick and 
easy solution to the crisis in 
Ukraine (8 March, p 6). Certainly 
no reasonable Ukrainian will  
want us to get into a shooting 
match with Russia just for the 
sake of sovereignty. That would be 
like setting a car on fire in protest 
at someone smoking inside it!  
The tide is against militarism  
and Russian adventurism. The 
advance of democracy towards 
Moscow must be managed 
patiently, with some genuine 
sympathy offered to the Russians, 
else this recent episode will lead 
to a new cold war which will 
benefit only the arms 
manufacturers. 
Pontypridd, Mid Glamorgan, UK 

Tater trials
From Andrew Sanderson
The Sarpo potato varieties that 
Frank Fahy recommends may 
be sold as blight-resistant, 
(8 March, p 28), but that does  
not tell the whole story. 

Following many years of being 
plagued by blight, I planted Sarpo 
Una and Sarpo Mira, and was 
given some Kestrel by a friend. 
That year I suffered from blight  
in the Sarpo varieties, but the 
Kestrel remained unaffected. 
Spennymoor, County Durham, UK

Emergency lights
From Nich Woolf
As a New Scientist reader who 
often works at music festivals, I 
found my imagination blending 
together two articles in the same 
issue. One mentioned an app that 
turns a phone into a Wi-Fi beacon 
that can broadcast an SOS 
message in an emergency 
(1 March, p 22). The other was 
about a festival stage connecting 
wirelessly to all the phones in the 
audience and making them flash 
their lights (p 21). 

As a certified dreamer, I had  
the idea of someone in the crowd 
calling emergency services about 
a casualty, and all the other 
phones flashing to point out 
where  the call was made from.
Burnham-on-Sea, Somerset, UK

For the record
■ We dropped the ball in our article on 
gravitational waves (15 March, p 15). 
The team leader was Ivette Fuentes  
at the University of Nottingham. 
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AS ENDINGS go, it is a bit of an anticlimax. 
As the universe enters old age, its stars 
burn out. Slowly, the temperature 

across the cosmos reaches equilibrium. With 
no heat flowing, thermodynamic laws make it 
impossible to transfer energy in a useful way. 
Nothing interesting or productive happens 
any more. Everything creaks to a standstill.

This “heat death” of the universe was a 
favoured topic of the gloomier sort of 19th-
century physicist. These days, we console 
ourselves that, if it is to happen, it will not be 
for many, many multiples of the current age 
of the universe. 

Antony Valentini, a theoretical physicist at 
Clemson University in South Carolina, is less 
sanguine. For the past two decades, he has 
championed the idea that something like heat 
death has already happened – not in our layer 
of reality, admittedly, but on an underlying 
level that we are hard-pressed to see. 

Fundamental physics is not short of 
eccentric and unworkable proposals, and it is 
easy to dismiss such a bold suggestion. But 
there are aspects of Valentini’s idea that make 
some of his peers believe he might just be on 
to something. Just as a thermodynamic heat 
death would prevent us from doing anything 
useful with energy in the distant future,  
if Valentini’s “quantum death” has happened, 
it could explain our puzzling inability to fully 
get to grips some of aspects of nature – those 
to do with quantum behaviour. “He’s well 
respected and taken seriously,” says Carlo 
Rovelli of Aix-Marseille University in France. 

Now Valentini thinks he may have seen the 
first evidence for this theory, etched in the 
afterglow of the big bang. Strange as it might 
seem, quantum death might breathe new life 
into our understanding of reality.

It is almost 90 years since luminaries of 
theoretical physics, among them Albert 

Einstein, Niels Bohr, Werner Heisenberg and 
Erwin Schrödinger, gathered in Brussels to try 
and make sense of the bizarre results then 
emerging from atomic physics. At the 1927 
Solvay conference, it was becoming clear that 
subatomic entities such as electrons could 
appear both as localised particles or as fuzzy, 
spread-out waves. Which one you saw 
depended on how you measured them.

Quite generally, quantum objects seemed to 
exist in a haze of indecision before anyone 
observed them. The newly apparent quantum 
property of spin, for instance, could take one 
of two values, conventionally termed “up” and 
“down”. Until you tried to pin down the spin of 
something like an electron, it seemed to have 
both values at once, randomly choosing which 
guise to reveal only at the final moment. 

This fuzziness, it later became clear, even 
extends from one quantum entity to another. 
If two electrons are born together, measuring 
one appears to instantaneously alter the state 
of the other, regardless of whether they are 
separated by metres, kilometres or even light 
years. Einstein in particular was not a fan of 
this “entanglement”, damning it with the 
phrase “spooky action at a distance”. 

Shut up and calculate
Mathematically, though, all of this was no 
problem. As the pioneers of quantum physics 
showed, a quantum system, be it a single 
electron or an entangled pair, could be 
described by a “wave function” containing 
information on all the system’s possible 
properties such as spin. Just like tossing a die, 
you couldn’t be certain which side of the wave 
function would show itself when you made 
a measurement. But a deft mathematical 
trick – simply squaring the wave function – 
made it possible to calculate the probability 

Zombie universe
Did the quantum world freeze into weirdness 
at the big bang, asks Jon Cartwright
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“ Quantum death could explain our puzzling 
inability to get to grips with quantum reality”
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that different sides would show up.
Such sleights of hand have allowed us to 

build solid technologies on fuzzy quantum 
foundations, from lasers to computers, solar 
cells and nuclear reactors. But we are left 
wondering what it all means. Before 
measurement, is an electron really a smeared-
out cloud of probability, everything and 
nothing at once, as the wave function suggests? 
And how can it know what its partner is doing 
on the other side of the room – or galaxy?

After the 1927 meeting, most physicists 
settled on a common answer. Known fondly as 
the “shut up and calculate” school of thought, 
it is more formally the Copenhagen 
interpretation, after the institution at which 
Bohr, its prime mover, worked. It says that 
quantum mechanics is just a tool to help us 
predict the goings-on of the world, rather  
than necessarily being a description of reality 
itself. It works – just don’t ask why.

Valentini is not the first to think this is a 

cop-out. The 1927 meeting gave air to several 
rival interpretations – a fact often glossed over, 
he says, because historical accounts were 
written mainly by advocates of the victorious 
Copenhagen interpretation, such as Heisenberg 
and Bohr. “The standard history you read in 
the textbooks is very skewed,” he says.

Valentini’s visions of quantum death began 
with one of those early rival theories. It was 
the brainchild of the French physicist Louis 
de Broglie, and unlike the Copenhagen 
interpretation makes a clear statement about 
what is real in the quantum world. Every 
particle exists in a definite location and with 
definite properties at all times, and is guided by 
an equally real “pilot wave”. Entangled electrons 
are linked by a pilot wave so that a wiggle at one 
end – the manipulation of one of the electrons 
during a spin measurement, for instance – 
causes an instantaneous wiggle at the other, 
changing the other electron’s properties, too. 
What we see as spooky action at a distance is the 
result of a complex, tangled web of pilot waves 

linking things on a level hidden from view.
The attraction of pilot-wave theory à la 

de Broglie is that it makes exactly the same 
predictions as standard quantum mechanics, 
and so like that theory agrees with all 
experimental results to date. But this is a 
double-edged sword: it means there is also no 
way to test whether it is a better description of 
reality than quantum mechanics. Given that 
the theory suggests mysterious, inscrutable 
layers of reality, most physicists have 
preferred to stay tight-lipped in Copenhagen.

But something left Valentini unsatisfied. 
Einstein’s reservations notwithstanding, there 
is now no serious doubt spooky action exists: 
we exploit connections between entangled 
particles to create virtually uncrackable 
techniques for transferring information 
securely. The strange thing is that, although 
we know any “communication” between the 
particles must occur at many thousands of 
times the speed of light, we can’t exploit the 
connection to actually send messages that 
fast. This central feature of quantum theory is, 
for us, strangely redundant. Einstein’s cast-
iron rule that nothing physical moves faster 
than light speed remains. 

The reason, Valentini first realised in the 
early 1990s, lies in the probabilities that come 
from squaring the wave function. Do this 
calculation for many pairs of entangled 
electrons, and each electron in the pairs will 
turn out to be spin-up in exactly half of the 
instances, and spin-down in the other half. 
This equal split is crucial. Were it anything 
else – 100:0, 80:20, or even 51:49 – tampering 
with the electrons on one side could induce a 
noticeable change in those on the other that 
would count as an instant transfer of 
information (see diagram, right).  

Such a 50:50 split seems an extraordinarily 
finely poised state for the universe to assume. 
In Valentini’s eyes, it cried out for a physical 
mechanism to make it just so. Orthodox 
quantum mechanics says the universe runs 
purely on probability: it simply is the way it 
is with no reason to believe it hasn’t always 
been like that. Pilot waves would make things 
a little different.

This is where thermodynamics comes in. 
Look at individual molecules in a canister of 
gas, and they are likely all to be at the same 
temperature and spread out over the available 
volume, in the same sort of deathly 
equilibrium the whole universe will some day 
seek out. Equally, experience tells us it is 
unlikely the molecules started out like this. 
When first injected into the canister, they 
would have been in some non-equilibrium 

Allow information to travel faster 
than light speed, and almost 
anything becomes possible. You can 
communicate instantaneously across 
galaxies, tap even the most secure 
quantum network and perhaps even 
build number-crunchers so powerful 
they would surpass even our wildest 
dreams of a super-powerful 
quantum computer.

In Antony Valentini’s model of 
quantum death (see main story), 
such mayhem would have been over 
within the first instant of the 
universe’s birth. But perhaps, as 
Valentini proposed in 2001, some 
particles managed to pull away 
from the mob in the aftermath of 
the big bang, and so avoid sudden 
quantum death.

To do this, such relic particles 
would have had to be incredibly 
elusive – every sort of particle that 
we have detected so far, even the 

slippery neutrino, interacts with 
other matter too strongly. One 
possibility is the graviton, the 
hypothetical, massless particle 
responsible for the force of gravity.

The chances of detecting one of 
these in the foreseeable future is 
next to zero, given the vast detectors 
we must already build to bag a 
handful of neutrinos. A more likely 
possibility is a partner of the 
graviton, the gravitino. While these 
are also thought to be near 
impossible to detect directly, they 
could decay into other particles, 
such as photons, that satellite 
observatories might spot. These 
decay products ought to inherit the 
quirks of the universe before 
quantum death. Catch a bunch, 
entangle them and share them 
between two distant parties, and 
you would have a recipe for 
faster-than-light communication.

“ The usual answer is 
quantum theory works – 
just don’t ask why”

Out of the 
valley of death
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state, perhaps concentrated near the inlet.
In the same way, Valentini argues,  

the big bang produced a universe in a non-
equilibrium quantum state. In those first 
moments, particle properties could have  
been highly ordered, with all the up spins  
in one place, and all the down spins in  
another. But the intense heat and violence 
made for an extraordinarily tangled web of 
pilot waves that would naturally want to  

relax into a simpler state. Within a tiny 
fraction of a second, the pilot waves piloted 
the universe there. Unlike the long throes of 
thermodynamic death, quantum death 
came in an instant.

Valentini’s extension of de Broglie’s pilot-
wave theory shows that those suspicious 
equal-probability splits, and our related 
inability to make use of spooky action at a 

distance, are not conspiracy or fine-tuning. 
They are the natural end for a universe starting 
out in any other quantum configuration.

Most physicists have no truck with any 
situation in which information can be 
transferred faster than light speed, which 
would have been the case in Valentini’s early 
universe. It would overturn cherished 
concepts that have proved their worth over 
the past century, such as the idea that time 
is relative, with no one clock beating out the 
pulse of the universe. “To me it’s very 
worrisome,” says theorist Daniel Sudarsky 
of the National Autonomous University of 
Mexico. “It would change our whole 
conception of the nature of space-time.”

Relics from the time before quantum death 
might live on in our current universe, 
potentially still causing mayhem with our 
notions of what physics does and doesn’t 
allow (see “Out of the valley of death”, left). 
Whether that is the case or not, Valentini 
thinks he has seen clues that reinvigorate the 
whole idea of quantum death.

Soon after the big bang, while in the throes 
of quantum death, the universe is thought to 

Alice measures her particles’ spins to be up or 
down with equal probability. In every case, Bob’s 
entangled particles adopt the opposite spin

Alice now rotates her equipment by 90°. This breaks 
the direct correlation between each pair of particles. 
But Bob still measures half up, half down – there is 
no change in his measurement, overall:

Without the equal probability rule, Alice might 
measure all her entangled particles to be spin up – 
in which case Bob measures all spin down

If Alice now breaks the correlation, with no equal 
probability rule there is no restriction on what Bob’s 
spins can be. His measurements are different to before 
so he instantly knows Alice has rotated her equipment:

Unlimited chat
In today’s quantum world, measuring the spin of entangled pairs of particles produces “up” and “down” 
with equal probability. This might not have been the case in the early universe, before a process of 
“quantum death” occurred. If so, faster-than -light communication was once possible

A B

After quantum death (now)

A AB

A B

B

Before quantum death

No communication Faster-than-light communication

“ The tangled early 
universe would naturally 
have wanted to relax”

have undergone a short-lived burst of 
breakneck expansion known as inflation, 
which amplified tiny differences in density  
to give the seeds of the stars and galaxies we 
see today. Earlier this month, researchers at 
the BICEP2 experiment at the South Pole 
reported that they had found evidence of 
inflation imprinted in patterns of polarisation 
in the cosmic microwave background left over 
from the big bang. In 2007, Valentini predicted 
that inflation would also have magnified any 
density fluctuations that hadn’t yet reached 
quantum equilibrium. Their odd distributions 
should be imprinted in the microwave 
background as a slight loss of power at longer 
wavelengths. Last year, data from the European 
Space Agency’s Planck satellite gave the first 
conclusive evidence that such a power deficit 
exists (arxiv.org/abs/1303.5075). “It’s good 
news,” says Valentini. “Qualitatively, it fits.”

Not everyone agrees. Glenn Starkman, of 
Case Western Reserve University in Cleveland, 
Ohio, says there were already hints of a power 
deficit in data from Planck’s predecessor, 
NASA’s Wilkinson Microwave Anisotropy 
Probe. Valentini would have known about this, 
he says, which makes his prediction 
retrospective. “He needs to come up with a 
distinguishing prediction for something we 
haven’t already measured,” he says.

Valentini takes on board such scepticism. 
Together with his Clemson colleague Samuel 
Colin, he is working on a more detailed 
prediction about how features in the cosmic 
microwave background should vary with its 
wavelength. This would concern not only 
power, but also anisotropy – a lopsidedness in 
the distribution of fluctuations across the sky. 
“It’d be like killing two birds with one stone,” 
he says. “With two pieces of evidence, there 
will be a considerably stronger case.”

Meanwhile, Valentini appeals to common 
sense. After all, thermodynamics allows us to 
perform useful work – it is only after the 
prophesied heat death that nature will get 
lazy. Does it not make sense that our inability 
to exploit what quantum theory offers is the 
result of an analogous quantum death?

“What has always puzzled me is that there’s 
this kind of conspiracy,” says Valentini. “On 
one hand, quantum theory seems to be 
fundamentally non-local – something is going 
on faster than light. On the other, you can’t 
actually use it to send a signal. And just 
intuitively, it seems to me that there is 
something going on behind the scenes.”  ■

Jon Cartwright is a freelance journalist based in 
Bristol, UK



36 | NewScientist | 29 March 2014

ER
IC

 M
IC

H
A

EL
 JO

H
N

SO
N

/N
EW

 Y
O

R
K 

TI
M

ES

S T U



29 March 2014 | NewScientist | 37

Humans are materialistic 
by nature, but we have  
an odd relationship  
with the things we own. 
Possessions enrich our lives 
but they also come at a 
cost, both environmental 
and psychological.

Over the next 10 pages,  
we take stock of our 
ambivalent relationship 
with material goods,  
size up the things that a 
modern human actually 
needs, consider the ways 
possessions define us  
and ponder the future of 
ownership. But first, we 
look back at the evolution 
of our instinct for stuff.

F F
S P E C I A L  
R E P O R T
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                          The pairs 
of shoes  you will 
buy in your walk through life

310

WHEN I moved house recently, I 
was overwhelmed by the number 
of boxes containing my family’s 

possessions. It made me feel quite sick.
Even so, I couldn’t bring myself to 

throw any of it out. Possessions define us 
as a species; a life without them would be 
barely recognisable as human. Without 
clothes, a roof over my head, some means 
of cooking and a supply of clean water, 
I couldn’t survive at all. I struggle to 
imagine living without a bed, a bath, 
towels, light bulbs and soap – let alone 
indulgences and luxuries, and all those 
objects with sentimental value.

Our closest living relatives make  
do with none of this. Chimps employ 
crude tools and build sleeping nests, but 
abandon them after one use. Most other 
animals also get by without possessions 
(see “Creature comforts”, far right).  
And yet we can barely survive without 
belongings, and seem to have an instinct 
to accumulate more than we need. 

How did we evolve from indigent ape 
to hoarding human? Answering this 
question is not easy. For one thing, 
drawing a line between “possessions” and 
“non-possessions” is not straightforward: 
do I own the soil in my garden, for 
example, or the water in my taps? And 
when I discard something, when does it 
cease to be mine? What’s more, many 
objects our ancestors may have owned – 
animal pelts or wooden clubs – don’t 
survive in the archaeological record.

Nonetheless, there are clues about 
humanity’s first possessions. The earliest 
stone tools, made some 2.5 million years 
ago, are an obvious place to start. They 
were designed to do a job, and must have 
been held by an individual for a time.  
Yet they were simple and expendable,  
like chimpanzee tools. “I doubt there  
was much concept of ownership,” says 

Our urge to accumulate has deep evolutionary 
roots. Alison George finds it hard to let go

Hunters and 
gatherers

archaeologist Sally McBrearty of the 
University of Connecticut in Storrs.

But as tools became more 
sophisticated, a sense of ownership must 
have started to evolve. Tools became 
“possessions” – items that were valued by 
their owner, carried for a length of time 
and worth fighting over. For McBrearty, 
the concept of ownership took off with 
the advent of spear and arrow heads, 
which first appeared in Africa at least 
300,000 years ago. “They are made to 
specific designs that vary from group to 
group,” she says. “The spears and arrows 
took time and effort to make, and were 
probably the property of a single hunter.” 
Hunters would have retrieved them from 
kills, and used them again and again. 

Another key early possession was 
probably fire. Some contemporary 
hunter-gatherer groups carry embers 
around with them, and so can be thought 
of as “possessing” fire. Our ancestors may 
have done the same thing. The earliest 
convincing evidence of controlled use of 
fire dates to around 800,000 years ago. 

Clothing, too, made an early entrance. 
Genetic evidence from body lice that have 

evolved to live in clothes suggests we 
started wrapping ourselves up about 
70,000 years ago.

Once humans possessed fire, clothing 
and sophisticated tools, we presumably 
came to depend on them for survival – 
especially after colonising colder climates. 
Our belongings started to become part of 
our “extended phenotype”, as crucial to 
survival as a dam to a beaver.

With time, there was another leap 
forward. Objects became valued not only 
for their utility but also as prestige goods 
to advertise the skill or social status of 
their owner. Eventually, certain objects 
became valued for these reasons alone – 
jewellery, for example. The earliest 
evidence of this is a small number of 
100,000-year-old shell beads found in 
Israel and Algeria.

It is clear, then, that tens of thousands 
of years ago the relationship between 
people and objects had already evolved 
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Papooses were 
probably among our  
earliest possessions 

beyond utility and survival value. Some 
archaeologists argue that objects had 
become part of our sense of self. “We 
developed sophisticated relationships 
with objects that we don’t see in other 
animals,” says Lambros Malafouris at the 
University of Oxford. “You use shell beads 
to decorate your body – at the same time 
that becomes part of your self-identity 
that others will see and recognise.”

What’s mine is mine
By the time modern humans reached 
Europe around 40,000 years ago there 
are clear signs of ownership. “You can see 
notches and marks on various items – the 
notion of ownership is there,” says Steven 
Mithen of the University of Reading, UK.

But the amount of stuff that people 
could accumulate was constrained by 
their nomadic lifestyle, leading some 
archaeologists to speculate that bags or 

papooses might have been among our 
earliest possessions. This changed with 
the switch to a settled lifestyle. Once 
people chose to live in one place, their 
possessions began to accumulate. This 
lifestyle also heralded a new form of 
society and economy. Groups became 
larger and hierarchies developed, with 
the status of important individuals 
bolstered by prestige items such as  
fine clothes and jewellery. In fact, some 
archaeologists such as Ian Hodder of 
Stanford University in California argue 
that societies could not have become 
complex and hierarchical without an 
associated “material culture”.

This switch to sedentariness drove 
materialism in another way. Gary 
Feinman at the University of Illinois 
in Chicago argues that our urge to 
accumulate stuff is based on a desire  
to minimise risk. “When people settled 
down, they became more susceptible 

A few weeks ago a small and bedraggled 
cuddly toy appeared in my house, looking like 
something the cat dragged in. When another 
bedraggled toy appeared a few days later, it 
became clear that it was something the cat 
dragged in. She now has four cuddly toys. 
I think of them as hers – but does she? 

In 1776, philosopher Adam Smith noted a 
curious fact about animals: they don’t appear 
to own things. “Nobody ever saw a dog make  
a fair and deliberate exchange of one bone  
for another with another dog,” he wrote in  
The Wealth of Nations. 

In many respects Smith was right. Only 
humans have a complex system of property 
and property rights. But some animals do have 
rudimentary notions of “yours” and “mine”. 
Primates, for example, often show respect 
for possession. If an individual is holding an 
object, others, even those more dominant  
in the group, generally let them keep it. 

Captive chimps can also be taught a more 
complex understanding of possession. They 
are willing to work for tokens that can be 
accumulated and exchanged for food, and 
understand the difference between their 
stash and that of other chimps. But behaviour 
like that has never been seen in the wild. 

Some wild animals arguably do have 
possessions: birds’ nests, beavers’ dams, 
spiders’ webs and so on. Squirrels and scrub 
jays cache food and will often move items to 
keep them safe. Magpies and bowerbirds 
collect shiny and colourful objects to attract 
mates. And many animals defend a territory. 

But none of these behaviours come close  
to the sophistication of human ownership.  
The reason is simple: language. Without words, 
mutually understood rules and institutions to 
enforce them cannot exist. So whatever I think 
of my cat’s toys, it is unlikely that she agrees.  
Graham Lawton
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to environmental disaster,” he says. A 
way to insure against this was to store 
surplus food – a process that created the 
need for possessions to gather and hoard, 
as well as the domestication of animals. 
Another insurance policy was to develop 
relationships with neighbouring groups. 
“Exchange of non-necessary goods could 
grease those reciprocal relationships,” 
says Feinman.

Eventually, when societies became 
even larger and more complex, material 
goods became a store of wealth. Trade 
in such goods eventually led to the 
development of money.

Of course, there are a number of groups 
in the world today who don’t live in large, 
complex societies, and who have very few 
possessions. The hunter-gatherer Hadza 
people of Tanzania, for example, have few 
material goods and a culture of enforced 
sharing. But the vast majority of people 
don’t live like this and, as a consequence, 
are surrounded by stuff.

So what are the chances of breaking the 
human habit of owning too much? When 
you consider our reliance on things to 
survive and signal social status, it doesn’t 
seem likely. Aimee Plourde, an expert in 
prestige goods formerly at the University 
of Sheffield, UK, says: “Today we talk of 
the psychology of bling, of conspicuous 
consumption, but this taps into a 
psychology that predates even the 
formation of wealth. It goes far back.”  ■

Alison George is an editor in the Opinion 
section at New Scientist

A raggedy blanket, a tatty teddy 
bear: the dog-eared appearance 
of many childhood possessions is 
testament to how dearly they are 
held. But when and how does this 
sense of ownership begin?

Even a newborn regards their 
mother as “special”, and will seek 
out her face and smell over those 
of other women. By 2 months, 
babies begin to understand that 
they have ownership of their own 
bodies, while at 8 months they 
start to grasp the concept of loss. 
By 12 months they start to form 
attachments to comfort-objects 
like blankets. Psychologists suggest 
these provide a temporary 
substitute for their caregiver.

Also around one year, children 
start to say their first words, 
usually nouns like “bath” and “duck”. 
By 21 months or so a word surfaces 
that will provide a soundtrack for 
the coming years: “mine”.

Not for nothing are they called 
the terrible twos: the constant 
squabbles over possessions are 
combined with an underdeveloped 
sense of empathy and a propensity 
to tantrum. Two-year-olds fight 
harder for toys when they actually 
own them, indicating they can 
distinguish temporary possession 
from longer-term ownership,  
says Susan Gelman, who studies 
conceptual development in children 
at the University of Michigan in Ann 
Arbor. “By 3 years of age they even 

protest if someone tries to take or 
throw away someone else’s toy, 
which shows that they understand 
ownership even when it doesn’t 
involve their own self-interest.”

Children’s concept of ownership 
continues to change as they grow 
older. Gelman’s team recently ran 
an experiment in which 2 and 
3-year-olds were shown three 
objects; one they were told was 
“theirs”, one which belonged to the 
researcher and one simply placed 
beside the others. When the items 
looked different, 2-year-olds had 
no problem identifying which was 
theirs, but if they were identical, 
or their object was less desirable, 
they would become confused. In 
contrast, 3-year-olds kept track – 
even when their object was far  
less desirable than the other two 
(Child Development, vol 83, p 1732). 

This may help to explain why the 
replacement of a lost “blankie” or 
teddy bear with a newer model 
never goes down well: ownership 
overrides appearance. Indeed, 
when Bruce Hood from the 
University of Bristol, UK, showed 
3 to 6-year-olds a “magic copying 
machine” that could replicate 
their favourite toy, most children 
demanded the original back, and a 
quarter refused to have it copied at 
all. Ownership seems to bestow a 
magical quality that can’t be faked – 
even in young children.   
Linda Geddes

MY BLANKIE!

12
The number  
                          of homes         most Western people will  
live in across an entire lifetime

“ Our belongings started to become as crucial 
to our survival as a dam to a beaver”
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What is the smallest set of things that we need in a 
modern consumer society? Evolutionary psychologist 
Geoffrey Miller delves for insights

The bare necessities

ON SOCIAL media site Instagram, 
thousands of people in the US post 
photos with the hashtag #edc, 

meaning “everyday carry”. These show 
the tools, weapons and accoutrements 
that they haul around day in, day out. 
Men also show off the contents of their 
pockets through #pocketdump (currently 
17,900 photos), whereas women tend to 
favour #whatsinmybag (25,450 photos). 

The core stuff is remarkably similar for 
both groups. Those possessions we keep 

closest on a daily basis have a special 
practicality, concreteness, intimacy and 
symbolic importance. As the tool-making 
species, we are what we carry. And what 
we carry might offer a guide to what 
we really need, stripped of the clutter 
of overconsumption. 

For an evolutionary psychologist like 
me it is natural to wonder if we can link 
our everyday stuff to that of our distant 
ancestors, for whom raw survival dictated 
most possessions. 

Sadly, we don’t have any prehistoric 
#pocketdump or #whatsinmybag 
images, but we do have some useful 
clues from Ötzi, a man who lived about 
5300 years ago, and whose ice-preserved 
body was found in the Italian Alps in 1991. 
Since then, we have learned a lot about 
him, from his genome and the proteins 
expressed in his brain to the make-up of 
his gut microbes and his lethal arrow 
wound. His possessions were also well-
preserved: a diverse set of clothes, tools, 
weapons, fire-makers, supplies and foul-
weather gear suitable for his mixed roles 
of soldier, hunter, camper and explorer. 

Much of his gear looks primitive to 
modern eyes. But Ötzi wasn’t a distant 
ancestor: he had an anatomically modern 
brain in an anatomically modern body. 
In terms of timescale, we are no further 
from Socrates than Socrates was from 
Ötzi. So we should be able to find 
similarities between what he carried 
and our essentials. 

The things we carry
Many are obvious. Ötzi’s tinder fungus 
and flint for making fires is analogous 
to a lighter. His lumps of birch polypore 
fungus had antibiotic and antiparasitic 
properties, as well as the ability to stop 
bleeding, like modern Amoxycillin, 
deworming tablets and adhesive 
bandages.

Likewise, Ötzi’s clothing and luggage 
make sense to us as everyday essentials. 
His well-worn, often-repaired goat-hide 
leggings are akin to a favourite pair of 
jeans. His deerskin shoes with bearskin 
soles are like rugged boots. His leather 
backpack is today’s bag to haul our 
essentials around. 

But it is Ötzi’s weapons that really  
get to the heart of the search for our 
essential possessions – namely, the 
ability to acquire food. His longbow was 
an important possession. If he had lived 
long enough to finish making it, it would 
have been a formidable weapon, capable 
of killing animals up to 40 metres away. 
In the same vein, Ötzi’s prize possession 
was probably his axe, with a blade of 
almost pure copper. It could chop 

Most of us carry our 
true essentials in 
our bags or pockets
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than one in five were interred with similar 
axes. We start to see that even essentials 
can’t escape that grey zone where needs 
and wants mingle. Just like Ötzi’s axe, the 
stuff we carry can go beyond the practical 
to be highly symbolic – the iPhone 5S,  
the BMW car keys, the “magnum-sized” 
condoms, the Clinique lipstick. 

World in our hands
Finally, our most advanced essential – 
the smartphone – has no real analogue 
in Ötzi’s kit. With it we can access any 
human knowledge, buy any good or 
service, and summon any form of help. 
We can talk with any of the 5 billion 
people who own a phone. We can find  
our location through GPS, food through 
Yelp, shelter through Airbnb and a mate 
through Match.com. If the copper axe 
was the most distinctive status symbol 
that Ötzi carried, the smartphone is ours. 

Clearly, at the physical level, our 
technologies are better, lighter and  
more robust than Ötzi’s. Our modern 
boots beat Ötzi’s leaky shoes. Amoxycillin 
kills bacteria better than birch fungus. 

Yet the real power of our handy 
essentials comes from the physical, social 
and informational ecosystems that they 
let us access. Car keys, house keys, debit 
cards, passports and smartphones aren’t 
just hardware; they are the input-output 
devices that let our brains and bodies 
plug into modern civilisation. One car 
key can access 300 horsepower. One 
Oyster card can access all 400 kilometres 
of track on the London Underground. 
One iPhone can access trillions of dollars 
of telecoms, internet and GPS satellite 
infrastructure. 

With them we can tap into vast 
networks of human cooperation, mutual 
accountability and symbolic status, on 
scales unimaginable to Ötzi and his peers. 

So, what we need is pretty much what 
we carry. Next time you leave the house, 
grabbing your bag with your keys, phone 
and wallet, spare a thought for what you 
have with you – all the power, knowledge 
and vanity of an entire species 
compressed into a handful of objects.  ■

Geoffrey Miller is a professor of evolutionary 
psychology at the University of New Mexico 
in Albuquerque, and author of Spent: Sex, 
evolution, and consumer behaviour 
(Viking, 2009)

175       The pairs 
       of jeans that you  
will love and leave before you die 

down trees, split firewood and defend 
against humans and predatory animals. 
Security and warmth are core necessities 
for us, too. 

Of course across much of the world 
we no longer need an axe or longbow to 
acquire food and gain security, and this 
is where we get to the core of the things 
we really need today. Given modern 
supermarkets, hospitals, police and 
armies, the true analogues are the debit 
card, the health-insurance card, the 
driver’s licence and the passport. As 
physical objects, they are just shards of 
paper and plastic, hardly enough to swat 
a fly. But as identity technologies, they 
tap into all the threats and promises 
offered by vast systems of finance, 
medicine, security and governance. The 
contents of a high-status New Yorker’s 
wallet or purse represent a small yet 
potent claim on the combined resources 

of Citibank, the Mount Sinai Medical 
Center, the New York Police Department 
and the US Navy.  

Although not a carried possession, 
there is another aspect of Ötzi’s life  
that informs today’s needs. For 
thousands of years, his people lived  
in permanent settlements, usually on 
hilltops, for protection against raids.  
If Ötzi was high status, he would have 
lived in the equivalent of a McMansion  
in a gated community, with an active 
neighbourhood watch. Almost all 
#pocketdump or #whatsinmypurse 
images include house keys. This 
ubiquitous portable possession unlocks 
warmth, shelter, security and access to 
the rest of our things. 

And while most of Ötzi’s possessions 
look purely practical, it is clear that some 
had a bit more pizzazz. Take his stripy 
coat. It was made from strips of goat hide, 
alternating dark and light, and would 
have presented a striking pattern. Today’s 
urban hipster might wear a bomber jacket 
in distressed leather – wholly practical 
yet pretentiously stylish. And Ötzi’s axe 
almost certainly carried prestige value;  
of his formally buried clan-mates, fewer 

“ If a copper axe was Ötzi’s most 
distinctive status symbol, the 
smartphone is ours”
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material life 
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Our belongings can have deep meaning, but do  
they make us happy, asks Michael Bond

My precious

HAVE nothing in your houses that 
you do not know to be useful, or 
believe to be beautiful.” This was a 

golden rule for those struggling to furnish 
or redecorate their homes, offered by 
William Morris, a 19th-century British 
textile designer.

Insightful as it sounds, Morris’s advice 
turns out to be rather impractical. As we 
all know, our relationship to the things 
we own goes far beyond utility and 
aesthetics. Simply put, we love our stuff. 
Morris’s contemporary, the psychologist 
William James, had a notion why. Our 
possessions, he argued, define who we 
are: “Between what a man calls me and 
what he simply calls mine the line is 
difficult to draw.” 

As well as being useful, our possessions 
represent our extended selves. They 
provide a sense of past and tell us “who 
we are, where we have come from and 
perhaps where we are going”, says Russell 
Belk, who studies consumerism at York 
University in Toronto, Canada. Our 
things are “repositories of ourselves”, 
says Catherine Roster at the University of 
New Mexico in Albuquerque. “It might be 
a sweater, a lamp, an umbrella – an object 
doesn’t have to have material value to 
have emotional value.” 

Our ability to imbue things with rich 
meaning is a universal human trait that 
develops early in life (see “My blankie!”, 
page 40), and develops as we get older.  
A 1977 survey of multiple generations 

13                                                      The number  

                                                                  of cars  
   the average American will 
                       possess in their lifetime 

Any possession can 
become invested 
with emotion
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of families in Chicago revealed that older 
people tend to prize objects that spur 
memories and reflection, whereas 
younger people value things with 
multiple uses – like a kitchen table and 
chairs. That may be the case in the digital 
era as well. Sociologist Eugene Halton, 
who conducted the survey, speculates 
that younger people today might prize 
their smartphone above all else, but it is 
unlikely to stay special for long. “Not a lot 
of people collect their old computers and 
cellphones as meaningful possessions,” 
he says. 

The inclination to value things we 
own beyond what others think they are 
worth is known in psychology as the 
endowment effect. It explains why we  
are more likely to buy a coat once we  
have tried it on, or a car once we have test-
driven it – just imagining that something 
is ours makes it seem more valuable. 

Our ability to imagine the way new 
things will change our lives is what drives 
us to acquire them in the first place, says 
Marsha Richins at the University of 
Missouri in Columbia. She found that we 
have “transformation expectations” about 
new stuff: we expect things to make our 
lives better and enhance the way we are 
viewed by others. It’s a tendency expertly 
exploited by advertisers, she says. Our 
culture of hyper-consumerism can make 
it difficult to determine where normal 
behaviour ends and compulsion begins.  

Of course, we are all materialistic to 
some extent – some more than others – 
and we do get a boost of happiness from 
buying things. But it doesn’t last. And 
because it is so fleeting, many people 
quickly feel the desire to top up with 
another purchase, and another – and  
are often willing to go into debt to do so. 

Studies show that those who routinely 
seek out material things to make them 

When our instinct for ownership goes wrong

HOARDING
As many as 1 in 20 people struggle with 
an obsession with acquiring stuff and the 
inability to part with it – some to the point 
that their home becomes impassable. “This 
isn’t just about clutter,” says psychiatrist 
David Tolin at Yale University School of 
Medicine. “It becomes a disability.” 

This new diagnosis – it received its 
own category in the latest edition of 
psychiatry’s diagnostic manual, DSM-5 – 
may seem a fitting indictment of a modern 
society obsessed with stuff and status. 
But that idea is almost certainly wrong. 

Hoarding isn’t new. It was referred to in 
Dante’s Inferno back in the 1300s. But it 
has only recently been distinguished from 
obsessive compulsive disorder (OCD). In 
a 2012 brain-imaging study, for example, 
Tolin and his colleagues asked volunteers 
to hold an object they owned and decide 
whether to throw it away. Unlike people 
with OCD, hoarders showed overactivity in 
the anterior cingulate and insular cortex – 
areas of the brain that help determine 
importance, relevance and salience. 

This manifests as perfectionism – 
hardly the word summoned by reality TV 
shows with dead cats mouldering under 
mountains of unworn clothes. Yet it is the 
growing consensus: people with impaired 
decision-making worry so much about 
wrong decisions that they keep the item 
for later appraisal. “It’s counter-intuitive,” 
says Tolin, “but it makes perfect sense.”

Hoarding also isn’t limited to Western 
society. Cultural idiosyncrasies may  

shape how it manifests, but “hoarding 
exists in virtually every culture”, says 
psychologist Randy Frost at Smith College 
in Northampton, Massachusetts. We can 
all be reluctant to part with possessions. 
For hoarders, it becomes an “obsession 
with not losing a piece of your life”. 

COMPULSIVE SHOPPING
Unlike hoarding, “compulsive buying 
disorder” is not in the DSM-5, but recent 
numbers suggest it affects 6 per cent of 
the US population. Still, no one can agree 
whether it shares a basis with addiction, 
impulse control or OCD. There is also an 
increasingly thin line between normal 
shopping behaviour and compulsion – 
one happily blurred by advertisers. 

There may be an intuitive link between 
hoarding and compulsive shopping, but 
the two disorders are certainly distinct. 
About 60 per cent of people with hoarding 
disorder are also compulsive shoppers, but 
the inverse is true for only 40 per cent of 
compulsive shoppers (Behaviour Research 
and Therapy, vol 47, p 705).

Also, hoarding exists across cultures, 
but shopping addiction can’t exist without 
very specific societal conditions: a market-
based economy, availability of a variety of 
goods, disposable income and free time. 
As Donald Black, professor of psychiatry at 
the University of Iowa, puts it: “If gambling 
opportunities do not exist, it is highly 
unlikely for gambling addiction to exist.” 
So shopping addiction truly is a product 
of our material world.  Sally Adee

POSSESSED BY POSSESSIONS

Hoarding can be an 
obsession that 
overwhelms all else PA
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happy may be struggling to find 
fulfilment in other aspects of their lives, 
such as relationships. But, interestingly, 
the drive for stuff itself may not be the 
cause of this discontent: a study by Rik 
Pieters at Tilburg University in the 
Netherlands showed that loneliness 
tends to make people more materialistic, 
but the inverse isn’t necessarily true.  

Another reason to refrain from “retail 
therapy” is the sizeable toll consumerism 
has on the environment. In part to make 
way for new stuff, people in the US throw 
away an average of 30 kilograms of 
clothing and other textiles each year. 
Also, it turns out that the more you prize 
possessions, the more likely you are to 
dismiss environmental concerns. 

Still, the solution isn’t simply to reject 
our instinct for accumulating belongings. 
Our stuff has an important role in 
shoring up our sense of identity, one 
made most apparent when we are forced 
to let it go. This can be difficult, even 
traumatic, since it is akin to letting go of 
parts of ourselves. Institutions such as 
prisons and military camps strive for just 
this effect by removing clothes and other 
personal items from people and issuing 
them with standardised kit to diminish 
their individuality. They become like clay, 
primed for reshaping. 

People who have lost their homes  
and everything in them because of a 
natural disaster often report a profound 
confusion of identity. Following the huge 

wildfire in Oakland Hills, California, in 
1991 that left more than 5000 people 
homeless, Shay Sayre at California State 
University in Fullerton recorded the 
feelings of survivors. One told her: 
“We became orphans without a past. 
Like we had amnesia, like we didn’t exist 
before the fire.” When people lose their 
possessions, reflected Sayre, questions 
of the self become critical, for if we are 
what we own, who are we when we 
own nothing? 

Status update
Our sense of self isn’t the only reason we 
accumulate stuff, or doggedly hang on to 
it. Possessions are also symbols of social 
standing and status. Several recent 
studies suggest that today’s 20 to 35-year-
olds are far more inclined than previous 
generations to try to acquire status or 
prestige by buying things like designer 
handbags or high-end fashion items. Part 
of that may be because they receive more 
disposable income from their parents or 
have more ready access to credit cards. 

The availability of such “easy money” 
may explain another recent finding: 
investigating materialistic tendencies 
among older teenagers in the US, 
researchers at San Diego State University 
in California found that, since the  
mid-1970s, there has been a growing 
discrepancy between young people’s 
desire to own expensive things and 

When we asked New Scientist readers 
what item you had purchased in the past 
decade that brought the most happiness – 
for the chance to win a set of beautifully 
bound popular science books from the 
Folio Society – nearly 2000 responded. 
Your answers inspired, amused and at 
times bewildered us, but above all they 
showed how deeply we connect to the 
things we own. 

Unsurprisingly, there are many 
bibliophiles among you – some with 
cherished collections of paperbacks, 
others who praised e-readers for enabling 
you to tote around an entire library. Many 
of you loved a specific book: the text 
recommended by a professor that spurred 
a career; the “mouldy copy of a children’s 
tale I’d borrowed from a dying library”. 

You also celebrated your pets, even if 
the notion of “buying” them didn’t sit quite 
right. As Jared Cole told us: “I never think 
of my dog Grimm as property, but I did buy 
his freedom. I couldn’t have better spent 
that cash.”

Love was a common theme – from the 
purchases that launched a romance to the 
ones that signal enduring commitment. 
Many of you mentioned your wedding or 
engagement rings, but Sheree Jonker’s  
was perhaps the most surprising: “My 
girlfriend hates jewellery. I proposed to  
her with a red ring pop... she said yes,  
then ate it.”

You celebrated gifts given to others, 
favourite cars, cameras that captured your 
travels, the seeds with which you started  
a garden – and the “truckload of manure” 
to make it grow. There were the homes  
you bought, the university education that 
fulfilled you and the plane tickets and 
trips that took you around the world and 
returned you to friends and family.

We asked how much you paid for the 
thing that made you the happiest. There 
were some big-ticket items – a handful 
of you spent more than £6000 or even 
£60,000. But most of you paid less than 
£600 for that happy-making item, and 
for a third of you, it cost less than £60.

Whatever you spent, you showed us 
that psychologist Elizabeth Dunn at the 
University of British Columbia is on to 
something (see page 43): money can buy 
happiness, you just have to spend it right.  
Tiffany O’Callaghan

THESE ARE A FEW OF 
YOUR FAVOURITE THINGS

“ We get a boost of happiness from 
buying things, but it doesn’t last”
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We all love our belongings. But how  
can we enjoy them without so many 
drawbacks, asks Chris Baraniuk

Things to come

EVERYBODY has prized possessions. 
We collect things obsessively and  
yet simultaneously worry about the 

rise of clutter and the global impact of 
wasted stuff. But can technology offer 
ways to ease this ambivalent relationship?

Extending the lifespan of objects could 
help us minimise the guilt of wasted 
devices. When Dutch designer Dave 
Hakkens’s camera stopped working, he 
wanted to have it repaired. After all, it was 
just one part that had worn out – the lens 
motor. But the manufacturer said it could 
not be replaced. “Basically, they told me 
to just get a new camera,” he says. “That’s 
how it goes with electronics. We buy it 
and if one small part breaks we just throw 
away the entire thing.” 

It inspired Hakkens to develop 
“Phonebloks” – a cellphone with 
components that can be easily replaced 
or removed for repairs. Everything from 
the screen to the camera and processor 
was reimagined as an individual module. 

When an online petition to gauge 
public interest in the design received 
support from hundreds of thousands  
of web users, Hakkens knew he was on  

to something. Indeed, phone giant 
Motorola soon revealed that they had 
been developing a similar concept. 

Another way to extend the lifespan  
of stuff is to use “self-healing” materials. 
Polymer coatings, such as that on the 
rear of LG’s new G Flex cellphone, can 
gradually repair minor surface scratches. 

But it isn’t only external nicks that can 
be put right. Chao Wang and colleagues 
at Stanford University in California have 
used self-healing polymers to increase 
the lifespan of rechargeable batteries. 
These have silicon anodes, but the silicon 
gradually degrades each time a battery is 
recharged. To hold the fragmented silicon 
together so it maintains electrical contact, 
and therefore charge, they coated it in a 
polymer that acts as a self-healing brace. 

Self-healing materials could one day 
ensure the longevity of electronics 
embedded in our clothes and other 
everyday objects, says Wang. 

On-demand 3D-printed objects also 
present a new kind of access to stuff and, 
like the modular smartphones, hold the 
promise of being able to get and attach 
replacement parts at home – extending 
the lifetimes of products and also cutting 
the environmental costs of shipping.  

Of course, technology is changing our 
relationship with things in other ways, 
too. It’s clear that the rise of digital media 
has caused a significant shift – in some 
cases making us more selective about the 
physical objects we bring into our homes. 

In the era of iTunes it may be surprising 
to hear that vinyl sales are at their highest 
for 15 years, according to the latest figures 
from the British Phonographic Industry. 
But digital music sales are on the rise too. 
It seems that the two formats appeal to 
people precisely because they suit 
different contexts. You can listen to David 
Bowie on your iPod while out jogging and 
spin a record of his later while relaxing at 
home. When you buy the physical object, 

their willingness to do the work to earn 
them – which they call the “fantasy gap”.  

Our materialistic desires are usually 
dictated not by what we need, but by  
what those around us have. Envy is a 
mover of markets. At a deep level, it is all 
about fairness and dignity, says Edward 
Fischer, an anthropologist at Vanderbilt 
University in Nashville, Tennessee. 
“Is it fair that I have less than others? 
And what does this mean to my sense  
of self-worth?” This isn’t just a feature  
of affluent societies, he adds. “It is also 
true among rural Maya farmers, Cairo’s 
workers and around the world. The 
norms of those peer groups vary a lot,  
but the influence of relative standing in 
them is important everywhere.” 

How to spend it
We may not be able to shake our drive 
to acquire stuff, nor our tendency to 
compare ourselves with others. But we 
can change the amount of happiness 
we get out of the stuff we buy. It is well 
known that once you earn enough to 
maintain a comfortable lifestyle, 
additional money doesn’t continue to 
improve your quality of life. But that may 
be because people are spending it wrong. 
Research by psychologist Elizabeth Dunn 
at the University of British Columbia in 
Vancouver, Canada, found that spending 
on experiences and other people offers a 
more enduring boon than splashing out 
on other things. Whether you buy your 
nephew the fanciest football boots you 
can find or a basic pair matters less than 
whether you go to the park with him to 
try them out, she says.  

Another strategy is to think about  
how our purchases will affect how we go 
about our daily lives. Though we expect 
new things to bring change, in truth  
this is often a hazy notion, which, for  
its nebulous nature, evaporates all the 
more quickly once we have acquired that 
new thing. So before you break out the 
credit card, Dunn suggests you pause to 
consider what you will actually be able  
to do differently once you have your  
new thing, and whether it will truly affect 
the way you spend your time – the most 
precious commodity.  ■

Michael Bond is a freelance science writer and 
author of the forthcoming book The Power of 
Others (One World) PH
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it is often with the experience of how  
you will listen to it in mind. 

A similar phenomenon is occurring 
with books. Paperback sales may have 
slumped, but in 2013 the Association 
of American Publishers reported that 
hardback sales were up 10 per cent, 
double the increase seen in ebook sales. 
It seems the existence of both formats 
means that people can more carefully 
curate which bound books to put on the 
shelves at home. 

There are some who believe the digital 
world offers an opportunity to take 
things a step further, to move away  
from the physical incarnations of stuff 
entirely. But even proponents of this 
movement point out that while digital 
possessions are easier to move around 
than physical ones, they still eat up  
their share of resources and require 
careful management and organisation. 

In fact, the same type of preoccupation 

with our possessions? Not according 
to Andy Hudson-Smith at University 
College London’s Bartlett Centre for 
Advanced Spatial Analysis. He argues 
that overlaying the physical world with 
the digital one makes it possible to share 
an item and feel more emotionally 
connected to it at the same time. 

In 2012, he and his team placed 
QR codes on objects in a branch of the 
second-hand charity shop Oxfam. When 
people scanned a code, they received 
information about the object’s history. 
Not only did the project, called Shelflife, 
boost sales in the shop, it also meant that 
Hudson-Smith was moved to reconsider 
purchasing a “tacky lucky bear” once 
he realised that it had been a good luck 
charm for a girl who passed her school 
exams. “It was tacky and horrible,” he 
remembers, “but I actually bought it 
because it gave me that strong emotional 
tie and I just couldn’t put it back on the 
shelf. It now sits on my desk at work as 
a talking point.” He believes that such 
technology could be of most immediate 
benefit to the sharing economy and 
second-hand goods trade. 

For Daniel Miller, an anthropologist 
and expert in material culture at 
University College London, the digital 
world is simply making the ties to our 
objects more explicit. “It was always the 
case that objects spoke to connectivity, 
both socially and geographically. We prize 
them for that,” he says. “The ornaments 
in our house often reveal, for example, 
the places we have visited as tourists or 
they signify people who have close 
relationships to us.” 

The difference now is that our 
connected belongings can be part of a 
“labour-saving” initiative to record our 
memories and personal ties for us, so 
we don’t have to. But while objects with 
digital memories might make it easier for 
others to understand what our things 
mean to us, Miller suspects they will only 
tell part of the story. “We don’t necessarily 
accept objects that offer to do emotional 
work because we benefit from the labour 
of doing it ourselves,” he says. After all, 
the stuff we really care about is that with 
which we have an emotional connection. 
It’s the immaterial side of decidedly 
material things which, curiously enough, 
ends up meaning the most.  ■

Chris Baraniuk is a writer based in London

that people have with physical objects 
may soon extend to digital collections 
as well. “For now, hoarding is defined 
by physical clutter, but of course, it is 
possible to have chaotic digital files and 
to spend inordinate amounts of time 
collecting new items that are then lost in 
the ‘pile’,” says Gail Steketee, who studies 
hoarding at Boston University. 

End of ownership
One solution to this problem has already 
been spied by the music, film and video 
game industries: content streaming. In 
2013 there was a 100 per cent increase in 
on-demand music streaming in the US. 
The sales of digital music files, in contrast, 
fell by 6 per cent. 

The digital world is also providing 
opportunities to better manage our  
stuff in the physical world, in particular 
with the continued rise of the “sharing 
economy”. A report last year by The 
People Who Share advocacy group found 
that, thanks to a wide range of online 
services, 33 million Brits shared food, 
rides to work or bought and sold second-
hand goods. What’s more, cities like 
Amsterdam have refreshed legislation to 
encourage services that allow residents to 
rent out their homes to travellers. Airbnb, 
the most popular of these, has served 
more than 9 million people worldwide 
since it was founded just five years ago. 

But will sharing our stuff – or even 
blueprints for 3D printing – erode some 
of the individual connection that we have 
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“ The digital world could allow us 
to move away from the physical 
incarnations of stuff entirely”
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IN THE film Inception, Leonardo DiCaprio 
plays a dream architect who enters sleepers’ 
subconscious minds and manipulates their 

dreams. The idea of dream control quickly 
caught public imagination and the film 
became a huge hit.  

But that was fiction. Is it really possible to 
direct someone else’s night-time wanderings? 
I set out to answer that question with the 
Dream:ON project, which used people’s 
smartphones to subtly manipulate their 
dreams as they slept. Half a million people 
subscribed, allowing us to track the patterns of 
their dreams in unprecedented detail – with 
results showing that the forces shaping our 
nocturnal life are even more mysterious than  
I had imagined. 

The idea of manipulating dreams has a  
long history. About 150 years ago, one of the 
first dream researchers, the Marquis d’Hervey 
de Saint-Denys, found he could prime his 
sleeping mind. During one trip to the south  
of France, for instance, he wore the same 
perfume every day, before sealing the bottle 
on his return. Months later, he asked his 
servant to sprinkle the perfume on his pillow 
on random nights. As he expected, on those 
nights the landscape of his travels was more 
likely to enter his dreams (New Scientist, 
21 December 2013, p 48).   

Although it was pioneering work, the 
Parisian nobleman’s research largely  
consisted of self-experimentation. In 1899,  
US physiologist James Leonard Corning took  
a more systematic approach with his “dream 
machine”. Volunteers were invited to lie on a 
couch with a leather helmet secured to their 
head. Resembling the gear now used by 
amateur boxers, the helmet was designed  
to hold metallic saucers over the volunteer’s 
ears. Lengths of rubber tubing connected the 
saucers to a nearby Edison phonograph, and 
during the night Corning piped various pieces 
of classical music to the volunteers. 

Corning claimed that his remarkable device 
could help those suffering from nightmares, 
and described how one man’s “carnival of the 
horrible” was transformed into “agreeable 
visions” after just a handful of sessions. In 
another instance, the procedure helped cure  
a woman’s melancholy, although she also 

exhibited “a striking gain in appetite” that 
culminated in “a small though decided 
accession of weight”.

Although years ahead of his time, Corning 
had no way of knowing when his volunteers 
were dreaming, and so trying to play the 
music at the right time was problematic.  
Faced with this seemingly insurmountable 
challenge, he eventually lost interest. It wasn’t 
until the 1950s that Eugene Aserinsky at the 
University of Chicago discovered “rapid eye 
movement” sleep – a stage in which the eyes 
dart in their sockets, while the rest of the body 
remains almost completely paralysed. 
Recordings from electrodes placed on the 
scalp also suggested it was a time of intense 
neural activity. Importantly, whenever 
Aserinksy woke someone up during REM 
sleep, they were almost always dreaming. 

Aserinsky’s findings revolutionised sleep 
science because it allowed researchers to time 
when they woke their subjects to elicit dream 
reports. It also rekindled an interest in dream 
control. In the early 1960s, for example, 
Stanford sleep scientist William Dement 
invited volunteers into his laboratory, waited 
until they entered REM sleep, and then either 
played a tone into their ears, shone a bright 
light onto their face or sprayed them with 
water. He then waited 10 minutes, woke  
them up with a loud dinner bell, and had  
them describe their dream. About half of the 
participants incorporated the stimuli, with, 
for instance, the water resulting in dreams 
about sudden rainfall, the tone triggering 
images of an explosion and the bright light 
producing reports of an outbreak of fire. 

Despite these positive results, researchers 
had no way of using these techniques outside 
the laboratory and so interest in dream 
control waned again. But a few years ago,  
I realised that the ubiquitous smartphone 
offered a chance to test the idea on an 
unprecedented scale. I contacted an app 
development company and suggested that we 
conduct a large-scale experiment into dream 
control – and Dream:ON slowly took shape. 

The idea is simple. Before going to sleep, a 
person sets an alarm on their smartphone and 
selects a specially prepared soundscape, such 
as a walk in the countryside, which includes 

the sound of the breeze rustling through the 
trees, or a visit to the coast, represented by 
waves gently lapping at the shoreline. (Users 
could also download additional tracks at a 
small cost.) They then place their smartphone 
on their mattress and go to sleep. 

The app works by targeting the final REM 
period in the sleep cycle. About 30 minutes 
before the alarm, the smartphone’s 
accelerometers become active, measuring the 
sway of the mattress as someone turns in their 
sleep. When the phone detects that the person 
has stopped moving – suggestive of the body 
paralysis that comes with REM sleep – the app 
gently plays their chosen soundscape. Once 
awake the person is then prompted to submit 
a description of their dream. 

Dial your destination
Dream:ON was launched in the UK at the  
2012 Edinburgh International Science Festival. 
From the 500,000 people who have now 
downloaded the app, we have collected tens of 
thousands of dream reports – a vast catalogue 
that has itself helped us to investigate the 
natural cycle of people’s dreams (see “The dark 
side of the moon”, page 50). And in line with 
previous research, we also found a correlation 
between the soundscapes people chose and 
their subsequent dreams. If someone chooses 
the countryside landscape they tend to 
experience dreams that involve greenery, 
flowers and meadows; when they select the 
beach soundscape they are more likely to  
be transported to the coast, and suddenly  
feel the sun beating down on their skin. 

But is this enough evidence to show  
that outside cues influence our dreaming?  
An alternative explanation is that having 
themselves decided what they would like  
to dream, they primed their sleeping mind.  
To test that possibility, the app sometimes 
didn’t play a soundscape even though 
someone had chosen one. Even then, many 
still dreamed about the scenery of their 
chosen soundscape, which seems to show  
that suggestion is an important factor in 
determining our dreams. But perhaps that 
doesn’t matter: whatever the mechanism,  
we have helped people shape their dreams. 

Excitingly, the work suggests that it might 

Golden slumbers: can 
sweet sounds send 
you to a pleasant place?

“ A spray of water 
triggered dreams 
about sudden rainfall”

For two years, psychologist Richard Wiseman has 
been trying to sculpt thousands of people’s dreams. 
Did he succeed?

>
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now be possible to use this effect to help 
people in their waking lives. Around 80 per 
cent of dreams involve some sense of anxiety. 
Most sleep scientists believe that these 
negative scenarios aren’t designed to terrify 
you, but rather to help you cope with your 
everyday concerns and worries. Various 
versions of this “dreams as nocturnal 
therapist” theory have been proposed. Some 
researchers believe that negative events  
lose their emotional impact when they are 
experienced repeatedly, and speculate that 
dreaming about them might lessen the 
trauma. Others suggest that dreams help you 
cope with a present-day problem by replaying 
past events that evoked similar emotions. 

Regardless of the exact mechanism, all  
of the theories predict that on any one night 
your initial dreams will tend to focus on your 
anxieties. Then, as the night wears on, the 
emotional impact is reduced, resulting in 
calmer dreams that cause you to wake in  
a better mood – a pattern that has been 
confirmed by Rosalind Cartwright at Rush 
University Medical Center in Chicago 
(Psychiatry Research, vol 81, p 1).

The theory may also provide an intriguing 
insight into depression. Sleep scientists have 
known for some time that the dreams of those 
diagnosed with depression are long, frequent 
and negative. As a result, people often wake  
up feeling sad and distressed. The nocturnal 
therapist theory suggests that this unusual 
pattern of dreaming may be the result of their 
sleeping brains going into overdrive in an 
attempt to resolve their anxieties and worries. 
Pursuing this idea, Cartwright monitored the 
dreams of people diagnosed with depression 
following a difficult divorce. She discovered 
that those who experienced increasingly 
positive dreams across the night were more 
likely to have recovered from their depression 
a year later. Those whose dreams became 
progressively more anxious were more likely 
to continue showing symptoms (Psychiatry 
Research, vol 51, p 245).

So if it is possible to change the content and 
emotional tone of people’s dreams, can they 
be directed to help someone work through his 
or her anxieties? It’s a bold and exciting idea. 
Over a hundred years ago Corning speculated 
that his dream machine could help change 
people’s lives. The time has come to find out 
whether he was right.  ■

Richard Wiseman is the professor of the public 
understanding of psychology at the University of 
Hertfordshire, UK. His latest book Night School: Wake 
up to the power of sleep is published by MacMillan

Chill out: prime your 
sleeping mind to give 
you a virtual holiday
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People have long associated a full moon with 
all manner of strange behaviours. Indeed, 
the term “lunatic” is derived from the Latin 
word for moon. But although there is little 
evidence that the moon shapes our waking 
actions, it may influence our sleep.

In 2013, neuroscientist Christian Cajochen 
at the University of Basel in Switzerland 
decided to take a scientific look at this  
rather strange idea by reanalysing the data 
from several experiments that had been 
conducted in a sleep laboratory. During these 
studies, volunteers were connected to an 
EEG machine and had their sleep monitored 
throughout the night. Cajochen looked at  
the date of each session, figured out where  
it fell in the lunar cycle and then plotted this 
against volunteers’ sleeping patterns. He 
found that around the time of a full moon, 
people slept about 20 minutes less, took 
approximately 5 minutes longer to fall 
asleep, and experienced 30 per cent less 
deep sleep throughout the night (Current 
Biology, vol 23, p 1485).

It isn’t clear how the sleepers were 
sensing the lunar cycle. They couldn’t see the 
moon from their bed, so Cajochen speculates 
that higher light levels on the way into the 
lab might have subtly changed the rhythm of 
their body clock. That’s not to say the lunar 
rhythm didn’t have an evolutionary purpose; 

THE DARK SIDE  
OF THE MOON
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Getting to sleep
The lunar cycle may not turn us into werewolves, but a full moon does seem 
to give us a more restless night – and more bizarre dreams

Ti
m

e 
it 

ta
ke

s 
to

 g
et

 to
 

sl
ee

p 
(m

in
ut

es
)

M
ea

su
re

 o
f d

re
am

 
bi

za
rr

en
es

s

Average dream bizarreness scale 1-7 1= not very, 7= very

lighter sleeping patterns around the  
time of a full moon may have helped our 
predecessors guard against predators  
who were able to see more clearly in the 
moonlight, he says. 

Fascinated by these findings, I examined 
whether the lunar cycle also influenced 
dreams. I randomly selected a few hundred 
dreams from the Dream:ON database and 
had them rated for bizarreness between “1” 
(such as a man walking into a bar and having  
a quiet drink) to “7” (a horse walking into  
a bar and suddenly turning into a hot air 
balloon). Plotting these ratings against  
the lunar cycle, I was surprised to find that 
people were indeed having more bizarre 
dreams around the time of a full moon. 

It’s a preliminary result, and our work is 
now focusing on the explanation for the 
effect: whether people are simply more 
anxious when they see a full moon or if  
their lighter sleep patterns are affecting 
their dreams in some way. 
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Windfall: The Booming Business of 
Global Warming by McKenzie Funk, 
Penguin Press, $27.95

MY BOOKSHELVES 
contain several 
metres of books 
on climate change. 
This addition 
makes many 
of them seem 
redundant. It 

is also by a long way the most 
readable – and it made me laugh.

Windfall: The Booming Business 
of Global Warming by journalist 
McKenzie Funk tells the story 
of the people and corporations 
trying to profit from climate 
change. Many of them don’t  
want to halt its progress, they 
want to bring it on.

Here we meet private fire-

fighters in drought-hit Los 
Angeles, selling their services to 
insurance companies, Russian 
shipping lines eyeing new routes 
opened up by the melting Arctic, 
Dutchmen rebuilding flooded 
islands in the Maldives, and 
manufacturers of snow-making 
machines selling their products 
to distressed winter resorts.

They all have an interest in 
global warming’s destructive 
progress. Funk lays bare their 
vanities and insanities while also 
exposing the magic of markets 
that can profit from anything. 
“I’m interested in climate change 
as a driver of human behaviour,” 
says Funk. “It’s a window into  
our collective state of mind.”

Many environmentalists have 
been gratified recently to discover 
that corporations feature climate 

change in their annual reports, 
and entrepreneurs make pitches 
to bankers and hedge-fund 
managers that read like back-
issues of the environmentalists’ 
own doomsday scenarios.

The case seems to be won that 
climate change, rising population, 
and declining resources – from 
metals to water and land – are 
brewing up an environmental 
apocalypse. Gordon Gekko and 
the wolves of Wall Street have 
finally got climate change.

But not so fast. While greens 
fear the collapsing ecosystems, 
rising tides, climate migrations 
and mega-famines, the corporates 
and speculators see opportunity. 
Environmental pain can be 
corporate gain. In this synthesis 
of some of his great magazine 
journalism over a number of 

years, Funk brings the “booming 
business of global warming” 
spectacularly to life.

Some of his climate profit-
takers do something useful to 
stem the problem at source – 
by building bigger and better 
wind turbines, for instance. But 
they are a small minority. Most 
of the windfalls are elsewhere. 
Seed companies like Syngenta 
and Monsanto develop more 
drought-resistant crops. 
Engineers ship air-conditioners 
or seek contracts to build sea  
walls round coastal cities.

Some of the entrepreneurs  
take advantage of politicians’ 
desire to “do something”, even 
something as screwy as planting  

CULTURELAB

Climate pain, corporate gain 
The wolves of Wall Street have got climate change, but at a terrifying cost, finds Fred Pearce

As the Arctic melts, the Russians 
are eyeing new shipping routes
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a “green wall” of trees to stop the 
advancing Sahara desert. Others 
take advantage of human misery 
by ferrying climate refugees 
across the Mediterranean in  
leaky boats, or by building fences 
to keep people from fleeing 
Bangladesh for India. 

But much of the potential profit 
in climate change is coming from 
the rapacious pursuit of resources 
that are in diminishing supply 
thanks to increasing drought and 
other climate changes. 

Investment guru George Soros 
famously said “farmland is going 
to be one of the best investments 
of our time”. And land-grabbers 
are following his advice, buying 
up African farm and pasture  
land because, well, the world is 
going to run out of food, isn’t it?

Elsewhere, water-grabbers  
are building dams and sinking 
wells to corral scarce supplies,  
or getting into desalination,  
or playing the water markets in 
Australia and California. Water 
is no longer a publicly owned 
resource for the world, but a 
highly profitable business. Veolia, 
the world’s largest water company, 
is busy in 74 countries. 

Even insurers win. Twenty years 
ago, green campaigners heralded 
insurance companies as the first 
in the corporate world to flag up 
concern about climate change. 
But, as the activists and actuaries 
shared conference platforms 
round the world, it has emerged 
that the insurers are not sweating 
about future payouts as natural 
disasters escalate. Instead, they 
are wearing Cheshire-cat grins as 
they consider the “pricing power” 
they gain as scared property 
owners in flood zones and on 
cyclone tracks pay up whatever 
it takes to get cover. 

If things get too scary and even 
the insurance companies take 
fright, then the big daddy of all 

Cancer Virus: The story of Epstein-
Barr virus by Dorothy H. Crawford, Alan 
Rickinson and Ingólfur Johannessen, 
Oxford University Press, £16.99

FEW words have  
the power to induce 
terror: cancer is 
one, virus another. 
Imagine, then, the 
awful potency of 
something that 
merges the two.

The Epstein-Barr virus (EBV)  
is a curiosity, as well as a killer. 
Around 95 per cent of us are 
infected with it, but it rarely has 
symptoms. When it does, the 
virus manifests in many guises. 
The childhood cancer of the blood 
Burkitt’s lymphoma, glandular 
fever (infectious mononucleosis) 
and MS have all been associated 
with Epstein-Barr.

Cancer Virus tells its story 
through the scientists who 
worked on it. It reads like a  
thriller, starting with the mystery 
of the African children with 
swollen faces – caused by Burkitt’s 
lymphoma – and the controversial 

idea that a virus might be behind 
it. The book moves on to the 
revelation that the same virus  
was implicated in seemingly 
unrelated diseases, and finally  
to ways to destroy it.

The authors also offer a potted 
history of virology, touching  
on the discovery of infectious 
agents at the turn of the 20th 
century, and highlighting how 
technological limitations made  
it so difficult to prove the link 
between cancer and a virus. 

Cancer Virus made me reflect 
on just how quickly biology has 
progressed: in the 1960s, electron 
microscopy was in its infancy,  
and DNA-based techniques for 
characterising what might be 
lurking in tissue simply didn’t 
exist. Even proving the presence 
of viral particles was a massive 
challenge. 

All three narrators were involved 
in EBV research and so occasionally 
veer into complex explanations – 
they do provide a helpful glossary, 
though. Overall, the book is 
compelling and colourful, 
capturing the romance of scientific 
discovery so well that it is exciting 
and accessible. It made me wish I 
had been involved in unravelling 
such a fascinating mystery. 

The discovery of EBV paved the 
way for the identification of other 
cancer-causing viruses, including 
human papillomavirus (HPV), 
and hepatitis B. These account  
for between 3 and 4 per cent of 
western cancers, but in Africa they 
are responsible for about 33 per 
cent. The knowledge gained in the 
riveting search for EBV is leading 
to vaccination programmes that 
should slash the human toll.  ■

Linda Geddes is a biology features 
editor for New Scientist

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

The killer within 
This thriller-like tale of virus hunting leaves 
Linda Geddes wishing she had taken part

profit engines from climate 
change could be geoengineering. 
The people who brought cloud-
seeding and Star Wars military 
technology to past generations 
now want to keep out the sun by 
throwing sulphate particles into 
the stratosphere and soak up 
carbon by dumping iron filings 
into the oceans. 

For them, the worst-case 
scenario for climate could turn 
out to be a best-case scenario. For 
the rest of us, the vision of some 
Climate Inc mega-corporation, 
contracted to keep its hands on 
the planet’s thermostat, may be 
unnerving – unless, of course, 
you plan on being a shareholder. 
With money, all can profit.

This, you may say, is how 
capitalism works. Sure. But it 
knocks on the head the idea 
that nobody can escape the 
dire consequences of rising 
temperatures and shifting 
weather patterns; the idea that 
we all have a vested interest in 
working together to fix it. Sadly, 
concludes Funk, that’s not how 
it goes.

Environmental rhetoric holds 
that climate change will wreck  
the lives of our children. The 
trouble is that, for the most  
part, the victims will not be  
our children. They will be the 
children of others – in flooded 
Bangladesh, parched Africa, or 
almost anywhere without air 
conditioning. When the rivers 
empty and the wells run dry, 
hydrology will follow the old 
saying in the American West that 
“water flows uphill to money”. 
We are not all in this together.

Climate change is usually 
framed as a scientific, economic 
or environmental issue, says 
Funk, whereas it is primarily an 
issue of human justice. It is about 
winners and losers. This book – 
a terrifying romp through our 
climate futures – tells how the 
world’s winners plan to carry 
on winning, whatever the cost.  ■

Fred Pearce is a consultant for 
New Scientist

“ Climate change is an issue 
of human justice; it’s about 
winners and losers. We are 
not all in this together”

Epstein-Barr virus: the curiosity 
that revolutionised medicine
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Where Do Camels Belong? The story 
and science of invasive species by  
Ken Thompson, Profile Books, £10.99

WE HAVE all heard 
a lot of bad stuff 
about introduced 
species: they run 
rampant through 
our ecosystems, 
costing billions to 
control each year. 

They are also accused of driving 
native species extinct. Indeed, 
alien species are often cited as one 
of the big threats to biodiversity.

Not so fast. In Where Do Camels 
Belong? The story and science of 
invasive species, plant biologist 
Ken Thompson argues that most 
alien species – even some topping 
the eco-horror lists – cause little 
or no lasting damage and aren’t 
worth the angst, effort or money 
we devote to controlling them. 

Purple loosestrife, for example, 
is often viewed as one of the worst 
invasive weeds in North America 
because it forms dense stands of 
tall, conspicuous flowering heads. 
But when ecologists looked closer, 
reports Thompson, there was 
little evidence of actual harm. 
Even in Hawaii – poster child 
for the noxious effects of alien 
species – invaders tend to make 
ecosystems more diverse, not less.

Nor are introduced species the 
financial burden they are often 
made out to be. For one thing, 
says Thompson, hardly anyone 
bothers to count the economic 
benefits of “aliens” such as wheat 
and cows – a sum that runs to 
$800 billion per year in the US 
alone. Moreover, much of the cost 
of the invaders turns out to be the 

money spent controlling them. 
There’s a deeper problem, too, 

in our attitude towards aliens. 
Viewed over millions of years, 
plants and animals are constantly 
shifting their distributions over 
Earth. Just a few thousand years 
ago, North America was full of 
camels. Indeed, they evolved 
there and reached their greatest 
diversity on that continent. 
So should camels be regarded 
as native or alien there today? 

Then there is the small-
flowered tongue orchid, native 
to mainland Europe, that first 
turned up in England in 1989. 
No one knows whether it arrived 
by seeds that blew across the 
English Channel – in which case 
it’s an endangered native, worthy 
of nurture – or arrived stuck to 
someone’s trouser cuff, in which 
case, says Thompson, “it’s just 
another bloody weed, to be 
ruthlessly exterminated”. Should 

how it arrived in the country 
really make that much difference?

Thompson makes his case in a 
lively, readable style, spiced with 
a healthy dose of sarcasm towards 
“aliens = bad” fundamentalists. 
Better yet, he bolsters his 
argument with plenty of citations 
from the scientific literature, 
which adds welcome heft. 

Not everyone will find his 

argument convincing, however. 
When Thompson published 
similar arguments in scientific 
journals, sceptical opponents 
accused him of cherry-picking 
examples that fit his argument, 
while ignoring contrary evidence.

Even if there is any substance 
to that claim, Thompson makes 

a worthwhile point. Species aren’t 
necessarily ecologically harmful 
just because they are introduced, 
nor are native species necessarily 
good for biodiversity: “If bracken 
were alien [to the UK], it would be 
seen as no less than a national 
emergency,” he writes. 

Instead, Thompson argues, we 
need to take a more conciliatory 
attitude and treat each species on 
its merits. We should still take care 
to avoid moving species to new 
places, and fight hard to control 
those aliens that are truly nasty, 
such as Australia’s cane toads. But 
we may as well get used to the rest 
of today’s aliens, and let them and 
their ecosystems settle down to 
comfortable coexistence. After 
all, he notes, many are doing that 
already, just as they have done 
throughout history.  ■

Bob Holmes is a consultant for 
New Scientist

CULTURELAB

Learning to love aliens
From tongue orchids to camels, non-native species get a bad press, finds Bob Holmes

Camels evolved in North America, 
but are now only wild in Australia 

“ We may as well let today’s 
alien species and their 
ecosystems settle down to 
comfortable coexistence”
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The Hong Kong Polytechnic University is a government-funded tertiary institution in Hong Kong.  It offers programmes at various levels including Doctorate, Master’s, and 
Bachelor’s degrees.  It has a full-time academic staff strength of around 1,200.  The total consolidated expenditure budget of the University is close to HK$5 billion per year.

DEPARTMENT OF HEALTH TECHNOLOGY AND INFORMATICS

The Department of Health Technology and Informatics offers BSc(Hons), MSc and PhD programmes in Medical Laboratory Science (MLS), and is seeking a Professor, 
Associate or Assistant Professor in the discipline of Clinical Chemistry to join our MLS team.  The Department has a vibrant portfolio of research across different themes, 
including healthy aging and dietary, environmental and lifestyle influences on health and complex diseases.  To support teaching and research, the Department has well 
equipped laboratories with specialized equipment that includes HPLC and LC-MS/MS, automated biochemical analyzers, immunoanalyzer, and molecular diagnostic 
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Postdoctoral Positions Available for New NYU Laboratory

The former Molecular Neuro-Oncology Laboratory of the Neuro-Oncology Branch of the NIH 

has relocated to New York University (NYU) as part of the new NYU Brain Tumor Center.  

The laboratory is a rapidly growing program/laboratory and extremely well funded allowing 

H[FHSWLRQDO�UHVRXUFHV�DQG�VFLHQWL¿F�IUHHGRP�ZLWKLQ�WKH�ODERUDWRU\��2XU�ODUJHVW�DQG�PRVW�UDSLGO\�

growing area of interest are in the area of tumor stem cell biology with a particular emphasis on 

metabolism, tumor heterogeneity and epigenetic and environmental clonal evolution.  Thus, we 

are currently looking for scientists interested in stem cell and tumor stem cell biology, metabolism 

and clonal evolution. A few of our publications that represent the kind of research we do include: 

Cancer Cell. 9: 287-300, 2006; Cancer Research. 66(19): 9428-36, 2006; Cancer Cell. 9(5):391-

403, 2006;  Cancer Res. 6(1):21-30, 2008; Cancer Cell 13(1):69-80, 2008; Cell Stem Cell.  4(5): 

440-52, 2009.; Cancer Research, 2009; 69(4): 1596-1603, 2009; Cancer Cell.15(4): 247-9, 2009; 

Cell Stem Cell 4(6): 466-7, 2009; Bioinformatics. 26:1792-3, 2010; Cancer Cell. 18:543-5, 2010; 

Nature Reviews Neurol 7:439-50, 2011; PLoS One 6:e14681, 2011, Cancer Cell 20:695-7, 2011; 

J. Natl. Cancer Instit. 103:1162-78, 2011; Cancer Cell 21; 710, 2012; PLOS One 7:e51407, 2012, 

Cell Reports 6:313, 2014.  

The laboratory allows outstanding exposure to and potential involvement in all aspects of 

translational science (e.g. laboratory assays of patient tissue from clinical trials, animal tumor 

models, establishment of primary human stem cells, small molecule/drug screening) while 

exploring basic mechanistic studies of tumorigenesis using a combination of molecular and 

computational biology approaches.  

Please email a letter of interest, curriculum vitae and list of three references to:

Howard A. Fine, M.D.

Anne Murnick Cogan & David H. Cogan Professor of Oncology, 

Director, Division of Hematology & Medical Oncology, 

Director, NYU Brain Tumor Center, 

Deputy Director, Laura and Isaac Perlmutter Cancer Center.

Director, Bellevue Hospital Cancer Center

The New York University (NYU) Langone Medical Center

Perlmutter Cancer Center, 522 First Avenue, Smilow 1101, New York, NY. 10016

(P) 212-263-9221     (F) 212-263-9210     Email: Howard.Fine@nyumc.org

 

 

POSTDOCTORAL POSITIONS AVAILABLE

ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI

CELLULAR AND ANIMAL MODELS OF BRAIN DISEASE AND INJURY

Sam Gandy, M.D., Ph.D.

Professor of Neurology and Psychiatry

Lane RF, Steele JW, Cai D, Ehrlich ME, Attie AD, Gandy S. Protein sorting motifs in the 
cytoplasmic tail of SorCS1 control generation of Alzheimer’s amyloid-� peptide. 

J Neurosci. 2013;33(16):7099-107.

DeKosky ST, Blennow K, Ikonomovic MD, Gandy S. Acute and chronic traumatic 
encephalopathies: pathogenesis and biomarkers. Nat Rev Neurol. 2013;9(4):192-200.

Michelle E. Ehrlich, M.D.

Professor of Neurology and Pediatrics

Unterwald EM, Page ME, Brown TB, Miller JS, Ruiz M, Pescatore KA, Xu B, Reichardt LF, 
Beverley J, Tang B, Steiner H, Thomas EA, Ehrlich ME. Behavioral and transcriptome 
alterations in male and female mice with postnatal deletion of TrkB in dorsal striatal 

medium spiny neurons. Mol Neurodegener. 2013;8(1):47.

Chandwani S, Keilani S, Ortiz-Virumbrales M, Morant A, Bezdecny S, Ehrlich ME. Induction 
of DARPP-32 by Brain-Derived Neurotrophic Factor in Striatal Neurons In Vitro Is 

Modified by Histone Deacetylase Inhibitors and Nab2. PLoS One. 2013;8(10):e76842.

Prerequisites

•  PhD in Biology, Biochemistry, Molecular Biology, or related discipline
•  Animal handling experience (mice and rats) essential.
•  Independent skills in advanced molecular biology techniques essential, 
   including vector design and construction, RT-QPCR, and RNAseq library 
   construction required.
•  Independent skills in immunoprotein methods (immunoblotting, ICC, etc) 
   required.
•  Multi-year positions POSSIBLE, involving projects in either lab or 
   inter-lab collaborations.
•  Questions and/or application should be directed to 

   samuel.gandy@mssm.edu or michelle.ehrlich@mssm.edu
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BIOMEDICAL SCIENCES

Career Awards for Medical Scientists:  

Five-year awards for physician scientists provide 

$700,000 to bridge advanced postdoctoral/

fellowship training and the early years of faculty 

service. This award addresses the on-going 

problem of increasing the number of physician 

scientists and will help facilitate the transition  

to a career in research.  

Collaborative Research Travel Grants: Provide 

up to $15,000 in support for interdisciplinary 

biomedical researchers from degree-granting 

institutions to travel to a laboratory to acquire  

a new research technique or to facilitate 

collaboration. 

DIVERSITY IN SCIENCE

Underrepresented Minority Enrichment 

Program: Provides $50,000 over three years to 

support the development of underrepresented 

minority postdoctoral fellows in biomedical 

research.

INFECTIOUS DISEASES 

Investigators in the Pathogenesis of 

Infectious Disease: Five-year awards provide 

$500,000 for opportunities for accomplished 

investigators at the assistant professor level to 

study infectious disease pathogenesis, with a 

focus on the intersection of human and 

microbial biology. The program is intended to 

shed light on the overarching issues of how 

human hosts handle infectious challenge. 

INTERFACES IN SCIENCE

Career Awards at the Scientific Interface: 
Five-year awards provide $500,000 to bridge 

advanced postdoctoral training and the early 

years of faculty service. These awards are 

intended to foster the early career development 

of researchers with backgrounds in the physical/

mathematical/computational/engineering 

sciences whose work addresses biological 

questions. BWF has moved to a self-nomination 

format for this award.

Grant Programs
POPULATION AND LABORATORY 

BASED SCIENCES

Institutional Program Unifying Population and 

Laboratory Based Sciences: Five-year awards 

provide $2.5 million to unite population-level and 

laboratory-based biological sciences. The award 

supports the training of researchers working 

between existing research concentrations in 

population approaches to health and in basic 

biological sciences. The goal is to establish 

interdisciplinary training programs by partnering 

researchers working in disparate environments 

and intellectual frameworks.

REGULATORY SCIENCE

Innovation in Regulatory Science Awards: 

Provides up to $500,000 over five years to 

academic investigators who are addressing 

research questions that will lead to innovation in 

regulatory science, with ultimate translation of 

those results into improving the regulatory 

process. These awards are intended to provide 

support for academic researchers developing 

new methodologies or innovative approaches in 

regulatory science that will ultimately inform the 

regulatory decisions the Food and Drug 

Administration (FDA) and others make.

REPRODUCTIVE SCIENCE

Preterm Birth Initiative: Provides $600,000 

over a four-year period to bring together a diverse 

interdisciplinary group with the more traditional 

areas of parturition research to address the 

scientific issues related to preterm birth.

For complete program information, including 
deadlines, please visit www.bwfund.org

SCIENCE EDUCATION

Career Awards for Science and Mathematics 

Teachers: Five-year awards provide $175,000 

to eligible science or mathematics teachers in 

the North Carolina public primary and 

secondary schools. The purpose of this award is 

to recognize teachers who have demonstrated 

solid knowledge of science or mathematics 

content and have outstanding performance 

records in educating children. The award is a 

partnership between the North Carolina State 

Board of Education and BWF.

Student Science Enrichment Program: 

Three-year awards provide up to $180,000 to 

North Carolina nonprofit organizations, including 

public/private schools, universities, colleges, 

and museums. This program supports creative 

inquiry-based science enrichment activities that 

occur outside the typical school day for K-12 

students. The program’s goals are to nurture 

students’ enthusiasm about science, expose 

them to the excitement of scientific discovery, 

and interest them in pursuing careers in 

research or a variety of other careers in science. 

Promoting Innovation in Science and 

Mathematics: Awards provide teachers with 

funding for materials, equipment, and training to 

conduct hands-on, inquiry-based science and 

mathematics projects in North Carolina public 

schools.

The Burroughs Wellcome Fund is a private foundation 
located in Research Triangle Park, North Carolina.  

Find out more at bwfund.org



Over the past seven years, we’ve recruited nearly 400 exceptional faculty scholars  
to advance our teaching and research mission.

And we’re not slowing down.

Learn more at northeastern.edu/faculty-positions

and counting
387 
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RECYCLING raises interesting 
psychological issues. Feedback recalls 
the London Borough of Tower 
Hamlets some years ago deciding to 
issue households with one bag for all 
recyclable waste – so we no longer 
had to sort out paper, glass and 
different kinds of plastic.

A neighbour was most put out. Her 
native tongue was, as it happened, 
German. She had been deprived, it 
seemed, of the chance to sigh 
contentedly “Alles ist in Ordnung” as 
she filed the last piece of no-longer-
wanted stuff in its proper place.

NOWADAYS recycling, in Europe 
at least, involves reading small 
print. Or not reading it. Feedback 
thanks Perry Bebbington for 
alerting us to the fact that New 
Scientist delivery wrappers in the 
UK are no longer designated “oxo-
degradable”, which had reminded 
a number of readers of a locally 
popular gravy-making product 
(3 April 2010).

Now these wrappers instruct  
us to “Recycle with bags at larger 
stores – not at kerbside”. But what 
if you live far from a larger store? 
No problem: “If you are unable to 
recycle locally, you can return it to 
this address…” Perry imagines 
that “the resource cost of this far 
exceeds the recycling value of the 
wrapper”. He now wonders: if he 
does post a wrapper back, should 
he write on the envelope, “If you 
are unable to recycle this locally, 
you can return it to…”

DATA. We need data on this recycling 
mystery. So we inspect the week’s 
crop of magazines. The Journalist, 
from the eponymous National Union, 
comes in a wrapper that “is oxo-
biodegradable and can be fully 
recycled”. That for Stage, Screen and 
Radio from sister union BECTU “is 
biodegradable and can be added to 
your compost bin”.

We wondered whether the 
company that mails New Scientist  

was suggesting that readers post 
their wrappers back, as discussed 
above, to avoid the requirements of 
German law, of schemes such as the  
Grüne Punkt, or more generally of the 
EU Directive on Packaging. But both 
these magazines have readers 
throughout the European Union and 
neither feels that need.

Our inquiries continue.

WHEN UK newspaper The 
Guardian printed an impressive 
photo of star HR 5171 A on 13 March, 
it noted that it is “1300 times the 
diameter of our sun” and “one  
of the 10 biggest objects to be 
found in our solar system”. Jamie 
Wallace is “surprised astronomers 
took so long to find it”.

We applaud the newspaper for 
owning up on the same day and 
for resisting the temptation to be 
over-logical and argue that it was 
indeed found in our solar system, 
and that we cannot rule out 
observers in other solar systems 
finding scads of bigger things.

CAN Feedback now appease Muphry, 
whose Law points out that if you  
write anything criticising editing or 
proofreading, there will be a fault in 
what you have written, as we 
described on 1 March? Richard Mellish 
was at least the fourth reader to point 
out that New Scientist wrote in the 
same issue that “all extant humans 
are ancestors of those 2000 or so” 
who survived a population crash 
70,000 years ago (p 34). So, Richard 
asks, do we think “we’re living 
backwards in time?”

Searching our piling system, we 
discover that this ancestral problem is 
not new. Or has the instance that we 
appear to have corrected seven years 
ago propagated backward in time 
(5 May 2007, p 25)? How wide are 
Muphry’s powers?

DATA: do they have mass? 
Feedback has been pondering this 
for months. We have done so 
mostly in the bath, where it is of 
course inadvisable to type, which 
explains our silence since we last 
raised the issue on 30 November 
2013. Now we remember reports 

of a measurement of the energy 
required to erase data (10 March 
2012, p 10).

In 1961 physicist Rolf Landauer 
put the fundamental minimum – 
ignoring the messiness of actual 
storage devices – at about 3 × 10-21 
joules per bit. By Albert Einstein’s 
famous formula, that implies a 
mass of 3 × 10-38 kilograms per bit 
or, in marginally friendlier units, 
0.3 yoctograms per gigabyte.

But that would be the 
minuscule mass associated with 
data not being there any more; 
and we find it unsatisfying that 
this calculation takes no account 
of how interesting the erased data 
were. Can any readers help?

FINALLY, and closer to Earth, our 
thoughts about the mass of data 
remind us of the experience of 
Nicholas Solntseff. Back in 1967 he 
travelled home from Imperial College 

London to Australia, carrying an early 
Fortran language compiler program on 
punched cards.

A customs official at Sydney  
airport asked him to pay import duty 
on some 2000 pieces of cardboard. 
Nicholas thought for a moment, and 
declared he was interested in 
importing not cardboard, but the 
160,000 columns of holes which,  
he was sure, were massless and 
therefore not subject to duty.

In the end customs let him through. 

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.

Max Gibson saw a laptop from Lenovo.com 
reduced from £1,199,998.80 to £358.32: did 
that mean it was the second ever made, the price 
of the first covering development costs, he asks
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Last words past and present at newscientist.com/lastwordTHE LAST WORD

Faster than the wind
In the recent America’s Cup races,  
the boats were frequently sailing at 
more than twice the wind speed. For 
instance, in the final race the wind 
speed was given as about 20 knots, 
while the boats were travelling at well 
above 40 knots. How is this possible? 

■  A sailing boat is not a mere 
wind-blown object, like a leaf or 
hot-air balloon. The sail is cut so 
that it assumes a shape similar to 
an aircraft’s wing. The wind 
travels faster along the convex 
side, creating lift. It is fastest with 
the wind blowing across the boat’s 
side. But this force also generates 
an opposite reaction, which acts 
as drag on the boat’s keel – the fin-
shaped part extending down into 
the water from the hull that 
provides stability.

In addition, as a boat sails, its 
own speed adds to the wind’s 
speed. This is similar to running 
in still air when you can feel the 
“wind” on your face. 

This “apparent wind” creates 
further lift from the sail and  
the speed of the boat increases. 
Boats with keels have a limited 
speed due to the drag this feature 
creates. Ice yachts don’t have  
this constraint and can sail  
much faster, until aerodynamic 
drag limits their speed. 

The disputed world speed 
record for an ice boat is about 
230 kilometres an hour, but  
over 88 kilometres an hour is 
commonplace. 
John Davies
Lancaster, UK

■  The sails of a boat are curved in 
a similar way to an aircraft wing. 
They are adjusted by the crew to 
ensure that the air flows evenly 
over them. This maximises the 
extraction of energy from the 
wind, which is used to drive the 
boat forwards. 

As well as the true wind, a boat 
experiences an “apparent wind” 
caused by its own motion, and 
it is this effect that enables boats 
to sail faster than the true wind. 
In the America’s Cup example, 
simple vector analysis shows that 

a boat travelling at 74 kilometres 
an hour, broadside on to a 37 km/h 
wind, will actually be sailing in an 
83 km/h apparent wind.

The bigger the sail area, the 
more energy can be captured, but 
the sails have to be kept as vertical 
as possible. Large sails create a 
huge turning momentum that 
can rapidly capsize the boat. 
To counter this tendency, some 
boats use a large weighted keel; 
dinghies and catamarans rely on 
the weight of the crew. But 
increasing weight tends to lower 
the boat in the water, and this 
increases drag. 

Most boats have a limitation 
on their speed, known as the hull 
speed, which is roughly 1.34 times 
the square root of their length in 
feet. Increasing the power in such 
cases, through engines or sail 
area, only results in a bigger bow 

wave and no increase in speed.
However, clever design coupled 

with sufficient power can induce 
a phenomenon known as planing. 
In this case the hull can sit higher 
in the water and even sometimes 
briefly come clear of the surface  
as the boat skims along, much 
faster than its hull speed. Racing 
power boats often exhibit this 
phenomenon.

A further development of this 
is the hydrofoil, where the whole 
hull lifts out of the water with 
even greater drag reduction. 
 Long, thin, wave-piercing hulls 
also reduce drag but are not very 
stable. If you place two of these in 
parallel and separate them, with 
the mast and sails in between,  
you have created a stable and fast 
catamaran. Now just add the 
biggest sails you dare, foils that 
lift the hull out of the water, plus 
Ben Ainslie on the helm and you 
have designed a winning entry  
for the next America’s Cup.
James Stafford 
London, UK

Can’t stand the heat?
If heat destroys magnetism, why 
doesn’t the heat inside Earth destroy 
its magnetic field?

■  Magnetic fields are generated 
by the movement of electrical 
charges in a process called 
electromagnetic induction. 
A single electron orbiting the 
nucleus of an atom generates  
only a weak magnetic dipole.  
For a piece of solid material to  

be a permanent magnet on a 
macro-scale, the dipoles need  
to align, which is what happens  
in materials like iron and nickel. 
However, when the material is 
heated above a certain 
temperature, the Curie 
temperature, thermal vibration 
of the atoms starts to push the 
dipoles out of alignment, and the 
material loses its bulk magnetism. 
So heat does not destroy 
magnetism; it merely disrupts  
the alignment of the dipoles such 
that, at a macro-scale, there is no 
longer any net magnetic field.

Earth’s magnetic field is 
believed to be generated by 
electric currents in its molten 
core, which is mainly iron. These 
electric currents are formed  
by convection currents of 
radioactive heat escaping from 
the core. If the core was not hot 
enough to be liquid, no flow 
would occur and no magnetic 
field would be induced. A similar 
process occurs in the sun to 
produce its magnetic field.
Simon Iveson 
Chemical Engineering Discipline 
University of Newcastle
New South Wales, Australia

This week’s question
TOASTIES 
When I toast bread that I have 
freshly made, it comes out of  
the toaster much hotter than 
store-bought bread. Why?
Peta Lee
Stanmore, New South Wales, 
Australia

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

Reed Business Information Ltd 
reserves all rights to reuse question  

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

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

Win £100 by answering our monthly question about energy issues 

Is there really such a thing as a food that takes more energy to 
digest than we can obtain from it? Could we make such a food for 
slimmers?

Answers should reach us by 23.59 GMT on 7 April 2014 to answers@
newscientist.com or visit www.newscientist.com/topic/energy. 
Terms and conditions are also at this URL. 

THE LAST WORD ON ENERGY

sponsored by

“The bigger the sail area, 
the more energy can be 
captured, but sails have to 
be as vertical as possible”



The key to understanding 
everything is understandingn thing

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

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

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

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


