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Entries for $250,000
Ryman Prize now open

The Ryman Prize is a unique international 
award aimed at encouraging the best 
and the brightest thinkers in the world to 
focus on ways to improve the health of 
older people.

The world’s ageing population means 
that in some parts of the globe – 
including most of the Western world –  
the population aged 75+ is set to triple 
in the next 30 years.

In order to stimulate fresh efforts in 
the fi eld, the Ryman Foundation is 
offering a NZ$250,000 (US$165,000) 
annual prize for the world’s best 

discovery, development, advance or 
achievement that enhances quality of 
life for older people. 

The inaugural Ryman Prize was won by 
Gabi Hollows for her pioneering work 
to provide affordable eye surgery for 
people in developing countries.

The Hollows Foundation has restored 
sight to more than 1 million people 
– an amazing achievement that has 
transformed lives.

If you have a great idea, or have 
achieved something remarkable like 
Gabi, we’d love to hear from you!

Gabi Hollows and Nobel Laureate Dr Erwin Neher at the presentation of the inaugural Ryman Prize

Go to www.rymanprize.com for more information

www.rymanprize.com



7 May 2016 | NewScientist | 5

LEADERS

THERE is an apocryphal story in
technology circles: Google and
Facebook could do things with our
data that would make our heads
spin, but they don’t because it
would freak everyone out.

Apocryphal it may be, but data
companies do not have to do much
to freak us out. Some people will
be extremely unnerved by our
revelation that Google’s subsidiary
DeepMind has access to healthcare
data from three UK National
Health Service hospitals (see page
22). People who use the hospitals
now know that DeepMind has
intimate – albeit anonymised –
details of their medical history,
including HIV status, past drug
overdoses and abortions.

It doesn’t help that DeepMind is

Nothing to hide?

Crowdsourcing truth

Big data companies should stop being so secretive

very unwilling to talk about what
it wants to do with this data. If it
were more open, there would
arguably be less room for freaking
out. The data is a gold mine: by
digging into it, the company could
build powerful tools to diagnose
disease sooner. Indeed, for some
medical practitioners who are
used to working with such data,
this is a non-story. It already
happens all the time.

This tension between privacy
and progress is a critical issue
for modern society. Powerful
technology companies can tell
us valuable things, but only if we
give them control of our data.

This question is especially
important in the development
of artificial intelligence. Without

data about real human
experiences, whether playing
Go or the results of cancer
treatments, artificial intelligence
cannot learn anything.

At the moment we give our
data up very easily, arguably
without choosing to do so. The
NHS patients whose data is now
in Google’s hands probably
consented somehow, though
without actually realising it. That
needs to change. If we are to hand
Google et al ever more data, then
we should insist they ask us first,
and tell us what they want it for.

Who knows, if we were better
informed and the companies
less secretive, they could win our
consent to do things that would
really make our heads spin. ■

IN CONFLICT, objectivity is often a
casualty. On 1 August 2014 Israeli
soldier Hadar Goldin was declared
missing in action in southern
Gaza after a firefight with
Hamas in which two Israelis
and a Palestinian were killed. 
Israeli officials feared Goldin had
been captured, or his body seized.
They responded with an assault 
on the area that killed many 
civilians and damaged houses. 

That much is clear, but many
details are heavily disputed. Israel
says Hamas attacked in violation
of a ceasefire; Hamas denies
this and says Israel’s retaliation 
illegally killed over 100 civilians.

This is where innovative 
technology can provide impartial
information. A project called 
Forensic Architecture has stitched
together eyewitness pictures and
video posted on social media (see

page 42), from which a near-
complete account of the Israeli
assault has been built.

The reconstruction may end up
being presented as evidence in the
International Criminal Court. Let’s
hope it does. Let’s hope it helps to
establish the truth – and also sends
out a clear signal to governments,
armies and militias around the
world that, thanks to ubiquitous
technology in the hands of
ordinary citizens, and projects
like Forensic Architecture, little 
brother is watching them.  ■ 
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IBM is done playing with its old
computer, so wants you to have
a go. The tech giant is offering
access to a five-qubit quantum
processor to anyone.

By exploiting the weirdness of
quantum mechanics, quantum
computers can store and process
information as qubits, which
can be a mixture of 0 and 1 at the
same time. This allows them to far
surpass conventional computers
in certain tasks.

IBM is working on computers
with tens of qubits, so is putting 
its now-unneeded smaller chip 
online. “We want to make it 
accessible to people who might 
not know much about quantum 
computing, but are interested in 
learning about it,” says Jerry Chow 
of IBM Research in New York.

You program the chip at 
quantumexperience.mybluemix.
net using what IBM calls Composer, 

IT’S an astronomical tragedy.
A software glitch is being blamed
for the premature death of Japan’s
X-ray space telescope Hitomi, just
a few weeks after its launch.

An internal computer error
probably sent the satellite into a
wild spin, dislodging the craft’s
two solar panels, reports Japan’s
national broadcaster NHK.

The Japanese Aerospace
Exploration Agency announced
on 28 April that it would abandon
any further attempts to revive
Hitomi. The $286 million satellite
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Qubits for nothing Bug killed Hitomi

UPFRONT

“We want to see where
things don’t work, and are
keen to be surprised by
external users’ algorithms”

–Big claims–

-Deadly hide-and-seek-

because the interface resembles a
musical score. Tutorials explain
how to drag and drop different
quantum logic gates to create an
algorithm, which is then run on
the chip in IBM’s lab.

Chow hopes that both the
general public and expert users
will try out the device, giving
his team data that will inform
research on larger computers.
“We want to see where things
don’t work as well, and the
stability of the experiment over
time,” he says. “We’re keen to
be surprised by the algorithms
external users are trying.”

left Earth on 17 February but
failed to make contact as planned
on 26 March.

The software error probably
led to a spurious warning that the
satellite was rotating. In response,
Hitomi set itself spinning in the
opposite direction. This motion
meant it could no longer keep its
solar panels facing the sun to
charge its batteries or point its
antenna at Earth.

Hitomi’s loss is a big blow, says
Miroslav Filipovic of Western
Sydney University. “To say we
are devastated would be an
understatement.”

WILL the real Satoshi please stand
up? The mysterious founder of
cryptocurrency bitcoin unmasked
himself on Monday – if you 
believe the media reports. 

Australian entrepreneur Craig 
Wright came forward offering 
cryptographic proof to being the 
“Satoshi Nakamoto” who founded 
bitcoin. To prove he is Nakamoto, 
all Wright has to do is sign a 
unique message with digital keys 
linked to the creation of bitcoin. 

I am bitcoin’s daddy
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Ebola’s hiding trick
EBOLA refuses to die. Affected West 
African countries have repeatedly 
stopped transmission of the virus, 
only for fresh outbreaks to appear, 
seemingly out of nowhere. 

At least seven of these 
outbreaks were triggered by the 
virus lingering silently in people 
who have recovered from Ebola. By 
tracking its evolution, researchers 
have now discovered how the virus 
does this: it totally shuts down 
(Science Advances, doi.org/bf42). 

RNA viruses like Ebola make 
mistakes as they replicate their 
genes. But samples studied after 
a 2015 outbreak showed no new 
mistakes compared with samples 
taken 10 months earlier.

To slow its mutation rate to a 
standstill, the virus must effectively 

have stopped replicating – 
something that has never 
been seen in viruses like Ebola. 

Ebola appears to be able to lurk 
undetected for 15 months. This 
means unknown numbers of the 
17,000 people who survived the 
West African epidemic could pose an 
infection risk for some time. In March, 
10 people in Guinea got Ebola after 
a man who had recovered from it 
infected his wife via semen. 

The outbreak was contained, 
partly because 1600 people received 
an experimental Ebola vaccine. The 
drug firm Merck says it will soon have 
300,000 doses of this vaccine to help 
manage such flare-ups. To gauge the 
size of the problem, the World Health 
Organization is registering Ebola 
survivors and testing their semen.
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THE world’s largest scientific
experiment is offline… thanks
to a beech marten.

The Large Hadron Collider at
CERN came to a halt last week
after the critter chewed wiring
attached to a 66-kilovolt electrical
transformer. That fried the
unfortunate animal and caused
a CERN-wide power cut.

“I can confirm that we had
some issues overnight with
electrical trouble,” said CERN
spokesperson Arnaud Marsollier
on Friday. “We suspect it might be
due to a small animal.” The culprit

was reported to be a weasel, but
CERN subsequently identified it
as a beech marten.

It will take a few days to
bring the collider back online,
said Marsollier, although the
equipment should be easy to fix.

The incident recalls a 2009
report of a similar power cut at
the LHC being caused by a bird
dropping a piece of baguette on
a substation, but Marsollier says
that was a tall tale.

CERN physicists are keen
to resume the search for a
mysterious particle weighing
in at 750 gigaelectronvolts,
hinted at in earlier data.

LHC’s furry outage
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Editing ethics
WHO will benefit most from gene
editing? It could be women and
disabled people, according to a
summit of scientists, ethicists and
lawyers held in Paris last week by
the Committee on Human Gene
Editing, part of the US National
Academies of Sciences,
Engineering, and Medicine.

CRISPR and similar techniques
for tweaking the genome may
offer powerful ways to treat
genetic disorders like Duchenne
muscular dystrophy.

But the voices of those who will
probably be the first to benefit
from gene editing advances were
missing, says Jackie Leach Scully,
a bioethicist at Newcastle
University, UK. Disabled people
have different experiences and
will hold a range of opinions
about gene editing, so must have
a say in any policies, she says.

Women are also more likely
to be affected. Women tend to
take on the bulk of caregiving
for disabled people, and are also
likely to be the first recipients of
therapies to improve fertility.

Based on these comments
and other issues raised at last
week’s meeting, the committee
is now drawing up a set of policy
recommendations on the use
of gene editing and its ethical,
legal and social implications. –Seize the day?–

But the signature he put forward
was swiftly debunked online, with
people showing that it was copied
from an old bitcoin transaction.
The string that Wright used is
available to anyone with an
internet connection.

Two big names in the bitcoin
world, Jon Matonis and Gavin
Andresen, are convinced Wright
is Nakamoto, however, and say 
they saw him sign a message with
the real key in private. But so far 
Wright hasn’t carried out this 
signing in public. As New Scientist
went to press, Wright was 
expected to provide further 
evidence of his claim.

60 SECONDS

Smart guns fire ahead
Personalised guns with 
fingerprint technology are 
edging closer. On 29 April, 
the White House announced 
measures to make it easier for 
US police and federal agencies  
to test and purchase “smart” guns 
that won’t fire except in the hands 
of their owner. 

Fiery message
Kenyan President Uhuru Kenyatta 
has set fire to 11 giant pyres of 
elephant tusks to show his country’s 
resolve to stamp out the illegal ivory 
trade and save elephants. The 
100 tonnes of ivory had been seized 
over the years by Kenyan authorities. 
Every year, 30,000 elephants are 
killed by poachers in Africa.

To Mars, later
The next Mars rover will be late. 
On 2 May, the European and 
Russian space agencies announced 
a two-year delay to the launch of 
the second part of the ExoMars 
mission. Because of difficulties with 
the landing mechanism and some 
science instruments, it will now 
launch in 2020.  

Bison nation
The North American bison is 
poised to become the first US 
national mammal, joining the bald 
eagle as one of the country’s most 
iconic animals. The Senate passed 
the bill last week, and it is now 
awaiting president Barack Obama’s 
signature. Conservation efforts 
have brought the bison back from 
the brink of extinction.

Antibiotic misuse
About 30 per cent of the antibiotics 
prescribed by family doctors in the 
US during home visits in 2010 and 
2011 weren’t needed. A study of 
184,000 visits found that for every 
thousand people in the population, 
506 antibiotic prescriptions were 
given annually, and 153 of these 
were unnecessary (JAMA, DOI: 
10.1001/jama.2016.4151).

Herpes to control invasive fish
CARPAGEDDON is coming.  
The Australian government has 
announced a plan to release a 
herpes virus into rivers, in a  
bid to wipe out the country’s 
most notorious invasive fish pest.

Since they were introduced from 
Europe in 1859, carp have decimated 
native Australian fish populations, 
particularly in the Murray-Darling 
river system, where they now 
account for 80 per cent of all fish.

Scientists at CSIRO, Australia’s 
national research body, have spent 
the last seven years investigating the 
potential of controlling the fish with a 
carp-specific herpes strain – cyprinid 
herpesvirus 3. They found that the 
virus kills between 70 and 80 per 
cent of carp populations, but does 

not harm native fish or other species 
such as frogs and turtles.

The government said on Sunday 
that the virus will be released across 
the Murray-Darling system by the 
end of 2018, in a project costing 
A$15 million. “There will be hundreds 
of thousands, if not millions, of tonnes 
of carp that will be dead,” said science 
minister Christopher Pyne. “So we 
have to have a clean-up programme.”

As with any virus, resistance is 
likely to build up over time. “We’ll 
probably have a window of about two 
to four years to really take advantage 
of it,” Pyne told the media.

The plan will be the first biocontrol 
strategy that uses a herpes virus,  
but the potential risks to humans 
are small, according to CSIRO.
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Jessica Hamzelou

ARE we programmed for 
depression? People with 
overactive immune systems 
appear to be primed for the 
condition. The finding could allow 
doctors to distinguish between 
different types of depression, 
offer help earlier and prescribe 
more personalised treatments.

“That would be a real game 
changer for us,” says Andrew 
Miller, a psychiatrist at Emory 
University in Atlanta, Georgia. 
“Right now we’re so non-specific 
in choosing a treatment, it’s pot 
luck,” he says. “I will ask patients 
which drugs they’ve heard of, or 
what their friends are taking, 
when prescribing.”

“If you could predict the course
of depression, you could tailor 
treatment,” says Carmine Pariante
at King’s College London. When a
person suffers a period of sadness,
it is near impossible to predict
whether it is likely to simply pass
with time or spiral into severe
depression, leading to shattered
lives and perhaps even suicide.
“The problem is that you only 
realise when it’s too late.” 

Now Pariente’s team have 
found that some people may be 
more biologically sensitive to 
triggers for depression, and that 
this heightened sensitivity could 
be spotted using a blood test.

They discovered this by 
studying people who were taking 
a drug called interferon alpha. 
Used to treat hepatitis, it is 
thought to work by ramping up 
immune system activity. 

One side effect of the drug is 
that between 30 and 40 per cent of
those who take it go on to develop
depression. The drug can have an 
effect similar to experiencing a 
stressful life event, says Pariante –
some who take it will develop 

depression, while others will
be resilient.

Pariante’s team monitored
58 people who took the drug for
six months for hepatitis C. The
researchers took blood samples
before and after this period, and
assessed the participants’ mental
health using questionnaires.

By the end of the period, 20 of

them had experienced a major
depressive episode, with
symptoms such as persistent
fatigue, sadness, hopelessness,
and loss of appetite.

When Pariente’s team looked
at the blood samples, they found
that these individuals had altered
patterns of gene expression
before they even started taking

the drug. These people seemed
naturally to make more proteins
that are involved in inflammation,
oxidative stress and the death
of neurons, and fewer proteins
involved in brain cell growth
(Neuropsychopharmacology,
doi.org/bfqn). “Overall, this has
a toxic effect on brain function,”
says Pariante.

Immune link
Inflammation is usually a result
of the healing response, caused
by the immune system targeting
and protecting damaged tissue.
But there is mounting evidence
that elevated levels of
inflammation are linked to
a number of disorders (see “An
aspirin a day?”, left), including
depression.

Previous work has shown that
around half of people with
depression have heightened levels

THIS WEEK

Primed for depression
Blood tests could identify those at risk before symptoms strike
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AN ASPIRIN A DAY?

–Inflammation is the giveaway–

Inflammation’s telltale fingerprints 
are increasingly showing up in a 
range of conditions. People who 
develop schizophrenia have more 
active immune cells in their brain 
even before their symptoms appear, 
for example. And although heart 
attacks are caused by arteries getting 
physically blocked, there is now 
evidence that the inflammation 
of blood vessel walls is also an 
important factor.

At least three types of tumours 
often form at sites of inflammation. 
Some studies suggest that low doses 
of aspirin might reduce the incidence 
and spread of several cancers, 
including breast and prostate cancer.

Inflammation may also be part of 
the root cause of Alzheimer’s disease. 
A powerful anti-inflammatory drug 
usually used for arthritis has shown 
promise in tackling the condition in 
a trial.  Clare Wilson
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of immune cells and compounds
that cause inflammation in their
blood – and that it is this group of
people who see little or no benefit
from standard depression
treatments, such as drugs that
affect serotonin or other brain
signalling chemicals.

The discovery that changes in
gene expression are detectable
before the onset of depression
could help predict how badly
someone is likely to respond to
particularly stressful life events,
such as a bereavement. This
information could warn doctors
to monitor at-risk patients, and
help them decide when
medication might be helpful.

“I agree that identifying gene
expression signatures could be
used as risk biomarkers for the
prediction of depression,” says
Michael Berk at Deakin University
in Geelong, Australia. “If we can
identify at-risk individuals and
the pathways involved, we know
in whom we can or should
intervene.”

The finding could also improve
treatments. Blood tests could be
used to see if a person with
symptoms of depression has
an overactive immune system.
Those who show signs of
significant inflammation could
then take drugs that target the
immune system instead of
medicines like Prozac, which
act on serotonin.

Once upon a time, being
biologically sensitive to stress
would have been a useful
adaptation, says Pariante. He
thinks that in our evolutionary
past, the biggest sources of stress
would have been things that put
us at risk of injury or infection,
such as an attack from a predator.
It would make sense to ramp up
the immune system to respond
to such events.

But now, when much of our 
stress stems from relationships  
or work, this response is causing 
unnecessary and potentially 
harmful inflammation. “Today, 
the price we pay for the response 
is too high,” Pariante says.  ■

In this section
■ Test predicts coma recovery, page 12
■  Mission to Mars, page 18
■  Scale of Google’s NHS work revealed, page 22

YOU won’t find it in history books, but 
the Roman Empire’s rise to dominance 
in Egypt and the Middle East may have 
been influenced by a series of volcanic 
eruptions that reduced rainfall.

The famine and unrest this caused 
weakened Egypt’s Ptolemaic kingdom, 
paving the way for the defeat of 
Cleopatra and Antony by Octavian’s 
Roman army in 31 BC – leading, 
ultimately, to the rise of the modern 
Western world.

This is the first time the history 
of this period has had a climate 
component, says Joseph Manning, 
a historian at Yale University. 

The Ptolemaic kingdom ruled 
Egypt and North Africa in the final 
three centuries BC. Now, a team of 
volcanologists and historians has 
revealed a close match in timing 
between volcanic eruptions and 
domestic uprisings over this period 
that contributed to the kingdom’s 
downfall.

“There were revolts and social 
unrest from 245 BC onwards, down 
to the mid-first century BC,” Manning 

told the meeting of the European 
Geosciences Union in Vienna, Austria, 
last month. “One involved the entire 
river valley along the Nile for 20 years.”

At the heart of the unrest was 
famine. Grain harvests in the 
Ptolemaic kingdom were critically 
dependent on the annual flooding of 
fertile plains by the Nile river, caused 
by the East African monsoon.

“You must have rain in the 
Ethiopian highlands to irrigate the

Nile valley, so if monsoon rains are
disrupted, the usual floods would 
have been lost,” says Francis Ludlow 
at Trinity College Dublin in Ireland, 
the team’s climate historian.

Now Manning, Ludlow and their 
colleagues have found that eight out 
of nine documented revolts against 
the Ptolemaic rulers began within two 
years of a volcanic eruption – which 

would have disrupted rains. 
“Aerosols from volcanoes reduce 

evaporation and cool the temperature, 
leading to fewer clouds,” says Ludlow.

In recent times, volcanic fallout has 
been known to interfere with an 
equatorial belt of air called the 
Intertropical Convergence Zone that 
seasonally shifts up and down around 
the world, bringing monsoon rains 
either north or south depending on 
the time of year.

The team deduced previously 
unknown volcanic eruptions from 
spikes in sulphate contamination in 
ice cores taken from Greenland and 
Antarctica, and dated the uprisings 
from historical accounts.

Further historical investigations 
showed that the revolts disrupted 
attempts by Ptolemaic armies to 
seize territory in Mesopotamia 
through wars with their main rivals, 
the Seleucid Empire. Manning has 
also tied unexplained retreats from 
battle by the Ptolemaic rulers to the 
need to deal with insurrections on 
home territory. 

In the grand scheme of things, 
Manning says, this weakening of the 
Ptolemaic kingdom led to the forces of 
Cleopatra and Antony being defeated 
by Rome’s Octavian. And without 
Rome as we know it, Europe would 
have looked very different, too.

“The last four centuries BC were 
very active volcanically and as a result 
saw this incredible instability, which 
ultimately paved the way for the 
kingdom to fall and for the rise of the 
Roman Empire,” he says. “This is the 
beginning of the modern world, 
around the second century BC.”

“I find it to be a very intriguing 
study,” says Matthew Toohey at the 
GEOMAR Helmholtz Centre for Ocean 
Research in Kiel, Germany. He cites 
more recent eruptions, particularly 
those of Laki in Iceland in 1783 and 
Novarupta, Alaska, in 1912, that we 
know affected the levels of the Nile.

The authors have presented 
“fascinating” correlations between 
well-dated records of climate change, 
Nile-flood reduction and societal 
unrest, says Brian Dermody, who 
studies the impact of climate on the 
Roman Empire at Utrecht University 
in the Netherlands.  Andy Coghlan  ■

Volcanic eruptions linked
to rise of Roman Empire
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–Cleopatra’s fall was Rome’s gain–

“The last four centuries BC 
were active volcanically, 
making Egypt’s Ptolemaic 
kingdom very unstable”
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IT’S one surprise after another.
The detection of gravitational
waves announced earlier this year
sent ripples through the world of
physics. The signal was thought
to come from two gigantic black
holes merging into one, but now
a group says it could have come
from something even more
exotic – a gravastar.

No one is disputing the first
detection of gravitational waves.
The Laser Interferometer
Gravitational-Wave Observatory
(LIGO) team announced in
February that it had seen these
ripples in space-time predicted
by Albert Einstein’s theory of
relativity (see page 33).

“We’re not trying to say LIGO
was wrong,” says Paolo Pani of
the Sapienza University of Rome,
Italy. But Pani and his colleagues
say the signal might not have
come from a black hole merger.

That’s because the LIGO signal

breaks down into three phases.
First there is the inspiral, which
tells you two objects are getting
closer as they orbit each other,
changing the frequency of their
gravitational waves. Next, there is
the merger itself, in which the
signal ramps up in intensity and
frequency. Finally there’s the
ringdown, a rapid drop-off as the
merged black hole settles down
and the wave fades.

In particular, this last phase
would indicate the formation of a
new event horizon, the region of
space from which not even light
can escape a black hole’s clutches.

“The common view is that
when you see this ringdown,
that is a signature of the horizon,
because only black holes will
vibrate in precisely that way,” says
Pani. But his team shows there
are other possibilities (Physical
Review Letters, doi.org/bfrm).

One is a proposed alternative
to black holes called a gravastar,
a dense ball of matter kept
inflated by a core of dark energy.
We have never seen one, but all
the evidence we have for black
holes could also support their
existence. A crucial difference is
that gravastars lack an event

horizon. Instead, photons can get
trapped in a circular orbit around
the gravastar, called a light ring.

“If an object is almost as
compact as a black hole, even if it
doesn’t have an event horizon, it
will vibrate almost the same way,”
says Pani. “The only difference
appears at a very late time when
the signal is small, so there is a
chance LIGO will miss it.”

“Our signal is consistent with
both the formation of a black hole
and a horizonless object – we just
can’t tell,” says B.S. Sathyaprakash
of Cardiff University, UK, who is

part of the LIGO team. But if we
can detect larger black holes
merging, or a pair that is closer
to us, it should settle the matter,
he says. “That’s when we can
conclusively say if the late-time
signal is consistent with the
merged object being a black hole
or some other exotic object.”

Ultimately, the black hole
explanation is likely to win out,
but it is worth double-checking,
says Pani. “As scientists, we try to
play the devil’s advocate and not
believe in paradigms without
observational evidence.” ■

RAIN cleans the air, right? Wrong.
On ploughed fields at least, it flings
up millions of microscopic organic
particles – the remains of dead plants
and animals. This rainfall-induced
haze may help to seed clouds and
generate more rain.

Currently it is assumed that most
airborne particles are lofted up by the
wind, sea spray, or human activities

“An object almost as compact
as a black hole, but with no
event horizon, will vibrate
in almost the same way”

Rain breeds 
more rain over 
ploughed land

such as tilling. Last year, however, 
scientists showed – by filming artificial 
rain in the lab – that rainfall could stir 
up particles from soil. 

Now, Alexander Laskin from the 
Pacific Northwest National Laboratory 
in Richland, Washington, and 
colleagues have seen the process  
in the real world. They used 
high-resolution microscope 
techniques to analyse airborne dust 
collected throughout 2014 above 
Oklahoma’s Southern Great Plains.

In all cases they found tiny, 
0.5-micrometre-wide spherical 
particles containing carbon, oxygen 

and nitrogen in the airborne dust. The 
wind direction was different on each 
occasion, bringing in air with varying 
properties, so the common occurrence 
of the particles makes most sense if 
they come from the soil.

There had been rainfall the day 
before each sample was taken, 
supporting the idea that the rain flung 
these organic particles into the air.

Once rainfall starts to puddle,  
it dissolves organic matter from the 
soil. “Splashing of subsequent 
raindrops creates air bubbles, which 
rise upwards and burst, ejecting a fine 
mist of organic matter, which then 

dries into tiny solid spherical balls,” 
says Laskin (Nature Geoscience,  
doi.org/bf4w).

Organic particles can play a role in 
seeding clouds, so showing how they 
make it into the air helps explain other 
observations – for instance that in 
southern Australia, the probability  
of rainfall over agricultural land 
increases following a rainstorm.

The research could also improve  
our atmospheric models. “This type  
of particle is not considered in things 
like climate models, and yet in some 
places they could have a significant 
effect,” says Laskin.  Kate Ravilious  ■

JU
LI

A
N

S
T

R
AT

EN
S

CH
U

LT
E

/D
PA

/C
O

R
B

IS

–How I wonder what you are–

Have we glimpsed 
a gravastar?
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ARE you there? Detecting brain
circuits that switch back and
forth between internal and
external awareness could help
doctors work out if a person in a
coma is ever likely to regain
consciousness.

The test involves scanning
the brains of people who are
minimally conscious or in a coma.
Other tests for consciousness
have used beeps, music or
electromagnetic pulses to
stimulate the patient – but the

latest one needs no active input,
simply watching resting brain
activity is enough.

Massive brain injuries can
disrupt awareness, leading to a
range of states from minimal
consciousness, where there are
some signs of awareness, to coma,
in which a person is neither
awake nor aware, and less likely to
recover consciousness. But some
people in a coma can progress to
unresponsive wakefulness – they
may open their eyes
spontaneously, but show no signs
of other conscious activity. “The

challenge is to disentangle this
condition from what we call
minimally conscious,” says Steven
Laureys at the University of Liège
in Belgium.

Minimally conscious patients
can at times follow commands
with their eyes, or make small
movements, but if a person has
damage to the motor areas of
their brain, such movements may
be impossible.

So Laureys’s team have
designed tests that don’t require
an active sign from a patient.
These concentrate on the brain’s
default mode network, which is
mainly involved in processes of

internal awareness: thinking 
about oneself, daydreaming, 
mind-wandering and awareness 
of one’s body. 

In healthy people, activity in this 
network drops when awareness 
shifts to external events and 
stimuli – a shift that brain scans 
can pick up. The two types of 
activity are said to be “anti-
correlated”: if external awareness 
goes up, internal awareness goes 
down, and vice versa.

Laureys’s team studied 58 
patients from across Europe.  
Of these, 24 were minimally
consciousness, 13 had recovered
from minimal consciousness,
and 21 were in a state of
unresponsive wakefulness.

Comparing them with
35 healthy people, the team found
that the extent of anti-correlation
between external and internal
awareness networks was related
to the level of consciousness.

“The better patients got and
the more they evolved towards
healthy controls, the stronger
these anti-correlations became,”
says Laureys (The Lancet
Neurology, DOI: 10.1016/S1474-
4422(16)00111-3).

The anti-correlations seem to
somehow be important for you
to express your consciousness
or have higher level cognition,
Laureys says. He thinks that such
tests could one day become a tool
for diagnosis, but warns that their
study was too small to draw
definitive conclusions. ■

SOLAR burps could be connected to
unexplained clouds on Mars.

In March 2012, amateur
astronomers around the world
reported seeing a strange plume
rising 250 kilometres above the
surface of the Red Planet. An analysis
published in Nature last year
concluded that clouds of frozen

Brain balance hints
at coma recovery
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“Patterns of external
and internal awareness
seem to be important for
expressing consciousness”

–Conscious or coma?–

Mystery Mars 
plume linked to 
sun’s outburst

carbon dioxide and water particles 
condensing in the upper atmosphere 
were the most likely explanation. But 
the trouble is that clouds don’t form 
that high, either on Mars or Earth. 

Now a team led by David Andrews 
at the Swedish Institute of Space 
Physics in Uppsala have used data 
from the orbiting Mars Express 
spacecraft to suggest a link between 
this plume and the sun. Their readings 
show that a coronal mass ejection 
(CME), a burst of high-energy plasma 
streaming from the sun, struck Mars 
around the time the plume appeared.

Intriguingly, the Nature analysis 
found a Hubble Space Telescope 
image from May 1997 that seems to 
show a similar plume over Mars, 
although this is less clear than in the 
2012 images. A CME hit Earth around 
the same time, and while there were 
no spacecraft orbiting Mars back then 
capable of measuring the solar wind, 
the planet would probably also have 
felt its effects.

We still don’t know how a CME could 
have caused the plume. But it is worth 
investigating, says Andrews, who 
presented the work at the European 

Geosciences Union in Vienna, Austria, 
last month. “We’re not completely 
convinced ourselves,” he says. “At best 
all we can say is there is an interesting 
correlation between two rather 
extreme events.” 

Only further observations will 
determine whether the solar 
connection is real, says Nicholas 
Heavens of Hampton University in 
Virginia. But if the link does hold up it 
could explain another mystery: how 
Mars lost its atmosphere. Perhaps 
many CMEs added up over time to 
drive it away.  Jacob Aron  ■
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DICTIONARIES tend to list words
alphabetically, but that isn’t how
we store them in our head. In our
brains, it seems we group words
thematically according to their
deeper meaning.

Jack Gallant at the University
of California, Berkeley, and his 
colleagues have charted our 
brain’s “semantic system”. The 
team did this by scanning the 
brains of seven people as they 

listened to The Moth Radio Hour
of storytelling.

The team then compared the
meanings of the words in the
show against the activity in small
subregions of the brain. The group
identified 12 categories of words –
concepts such as time, location,
emotion or social relevance – that
seemed to activate more than
100 brain regions in different
ways (Nature, doi.org/bfqp). 

Other categories included
visual words, such as “yellow”,
work concepts like “meetings”,
tactile words such as “fingers”, 
and abstract ideas including 
“nature”.

With a map like this, the
team suggests it could be
possible to build a general-
purpose language decoder to
infer what someone is hearing
or saying by looking at an fMRI 
scan of their brain in real time as 
they listen or speak.

IN BRIEF
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The chocolates you like 
shape your gut bacteria

MILK, dark or white? Your choice of chocolate influences 
what microbes are in your gut.

The largest ever study of human microbiomes 
has identified 69 factors that shape your gut bacteria, 
including chocolate consumption, how much sleep 
you get and whether you smoke or drink alcohol.

Jeroen Raes at the Catholic University of Leuven 
(KUL) in Belgium and his colleagues sequenced the 
microbiomes of 1100 people. They then compared the 
results with individuals’ blood tests and their answers 
to a lifestyle survey (Science, doi.org/bfrf).

“I think it’s extremely funny that, of all things, 
chocolate comes up in this Belgian population,” 
says Raes.

Although we already knew that antibiotics – which, 
by definition, kill bacteria – can dramatically alter the 
gut microbiome, the team found that antihistamines, 
hormonal contraceptives and anti-inflammatory drugs 
also appear to have an effect. 

“It goes to show that medication and the microbiota 
are closely linked,” says Raes.

But overall, the 69 factors only accounted for 
about 7 per cent of the variation in gut flora between 
individuals. It’s possible that genetics is a more 
significant factor. The bacteria themselves might also 
play a role in shaping their own ecosystem, says Raes.

Brain map of words to help us read minds

Sticky beads trap 
healthiest sperm

GOTCHA. Beads that capture 
healthy sperm could select the
best of the bunch for IVF and
even work as a contraceptive.

Jurrien Dean at the National 
Institute of Diabetes and Digestive 
and Kidney Diseases in Bethesda, 
Maryland, and his team have 
created objects that mimic a 
human egg. The roughly egg-sized 
polymer beads are coated in a 
protein found on the surface of 
eggs – called ZP2 – that sperm 
recognise and bind to.

The beads can be used to find 
sperm that are better at fusing 
with eggs, a tool that might help 
select sperm for fertility
treatments (Science Translational
Medicine, doi.org/bfqq).

When Dean’s team injected the 
beads into the uteruses of female 
mice that were kept with males, 
the mice didn’t get pregnant 
through 10 oestrus cycles,
suggesting that ZP2 could also 
be used as a contraceptive.

Makemake’s moon 
plays hide and seek

IT IS new moon time in the Kuiper 
belt. A never-before-seen satellite 
has been spotted orbiting distant 
dwarf planet Makemake. How did 
we miss it before? 

The moon’s orbit is edge-on 
from our point of view, so was lost 
in Makemake’s glare, says Alex 
Parker of the Southwest Research 
Institute in Boulder, Colorado. 

He says the moon seems to be 
about 21,000 kilometres from 
Makemake and 160 kilometres 
across. If its orbit is circular, it 
probably completes a circuit of 
Makemake every 12 days. The two 
bodies might be in a “mutual 
event season”, moving across each 
other as viewed from Earth. If so, 
that could help calculate a map of 
Makemake’s surface, like the first 
ones of Pluto from the 1990s.
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Planet trio could 
be right for life

LET’S have a sniff. Three 
exoplanets, similar in size and 
temperature to our own, are in orbit
around an ultra-cool dwarf star. In 
the near future, we could analyse 
their atmospheres for signs of life. 

A team led by Michaël Gillon from 
the University of Liège, Belgium, 
found the trio by using the 
Chilean-based TRAPPIST telescope 
to monitor the drop in brightness as 
the planets transited, or passed in 
front of, their star. Two are at the 
inner edge of the habitable zone – 
the region around the star that 
allows liquid water to exist – and 
one is in or beyond it (Nature, DOI: 
10.1038/nature17448).

The dwarf star’s size and 
brightness make it particularly 
suitable for “transit spectroscopy”, 
perhaps with the upcoming James
Webb Space Telescope. The scope
could examine the starlight
absorbed by a planet’s atmosphere
and so sniff out its gases. The
amount of absorption varies with
wavelength and depends directly
on the composition and physical
conditions of the atmosphere.

We’ve seen potentially habitable
worlds in the past, but these three
offer the best opportunity for
study, says Gillon. “For the first
time, we have planets for which the
atmospheric composition can be
studied in detail with current
technology.”

Coffee makes for smooth ride

YOUR morning pick-me-up could
make your drive smoother. Engineers
have turned coffee grounds into
building materials for roads.

“One of my hobbies is drinking
coffee,” says Arul Arulrajah at
Swinburne University of Technology
in Melbourne, Australia. “One time
when I saw my barista throwing the
used grounds in the bin, I thought,
why not look at this material from
an engineering perspective?”

Arulrajah and his colleagues
collected the soggy coffee grounds
from the bins of a local café and
dried them in a 50°C oven. They 

mixed seven parts grounds with
three parts slag – a waste product
from steel manufacturing – and
added an alkaline solution to bind
everything together. Then they 
compressed the final mixture into 
cylindrical blocks. 

It is strong enough for use as the 
layer of road that sits under the 
surface and provides foundational 
support (Construction and Building 
Materials, doi.org/bfrd).

“We estimate that the coffee 
grounds from Melbourne’s cafés 
could be used to build 5 kilometres 
of road per year,” says Arulrajah.

SPIDERMAN’S web shooters are
looking antiquated. A lizard has
evolved to scale windows without
sliding off.

“I chased a lizard that ran
straight up a window 30 feet and
was out of reach in 15 seconds,”
says Kristin Winchell of the
University of Massachusetts
Boston. Her team compared male
anole lizards (Anolis cristatellus)
in the Puerto Rican cities of
Mayagüez, Ponce and San Juan
with those in nearby forests.

They found that city lizards
could cling to objects like walls

and windows, meaning they
use the full urban environment
instead of restricting themselves
to wild patches more similar to
their forest roots.

Compared with forest-dwellers,
city lizards had longer limbs and
more scale-like structures called
lamellae that help their toes stick
to surfaces. These traits probably
enable them to stay attached to
slippery urban perches (Evolution,
doi.org/bfqv).

“Urban areas are just another
environment,” Winchell says.
“The animals that live there aren’t

somehow immune to natural
selection.” The team also raised
urban and forest lizards from the
Mayagüez region in the lab and
found that differences in limb
length and scale number
remained, suggesting a genetic
basis to the urban lizards’ abilities.

Winchell says understanding
urban adaption could help
conservation. “Having a grasp
on which animals tolerate
urbanisation gives us a better
idea of which ones we need to 
focus on when preserving natural 
habitats,” she says.

Lizard’s feet have evolved to let it race up windowpanes

Manx comet is early 
Earth time capsule

A CAST-OFF crumb from the solar 
system’s early days has wound its
way back towards the sun. The
unusual, tiny-tailed comet C/2014
S3 seems to be a leftover piece of
the stuff that clumped together
into rocky planets like Earth.

The odd-looking comet was
spotted 18 months ago through
the Pan-STARRS telescope. Most
comets are bright with brilliant
tails of evaporating ice, and
started life in the Oort cloud on
the solar system’s edges. But
C/2014 S3 looks as dark and rocky
as an asteroid and has a stubby
tail made mostly of dust, earning
it the nickname “Manx comet”
after the tailless cat.

Why does it look so different?
Karen Meech of the University of
Hawaii and colleagues suggest
that its strange dimness means it 
did not form in the Oort cloud at 
all. Its mineral contents suggest it 
hasn’t been spending time in the 
warmer asteroid belt, either 
(Science Advances, DOI: 10.1126/
sciadv.1600038).

“Maybe it has been in cold 
storage all this time,” Meech says. 
That could make it the freshest 
sample yet of the material that 
built Earth, giving insight into the 
solar system’s violent youth.
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IT WAS only a tweet, but it takes us
a step closer to finding out if there
is life on Mars.

On 27 April, private spaceflight
company SpaceX used Twitter to
announce its intention to send its
Dragon capsule to the Red Planet
as soon as 2018 – and it seems like
it may actually happen. The
timeline has been labelled
ambitious, but realistic.

The Red Dragon mission is step
one in CEO Elon Musk’s even more
ambitious plan to send people to
live on Mars. If Red Dragon flies, it
may become the quickest way to
deliver experiments to search for
life on the Martian surface – or
even bring a piece of Mars back
to Earth. NASA is already in talks 
with SpaceX to send such an 
experiment to the planet should 
this mission be a success. 

“Everything about Dragon since
the beginning has been done with
Mars in mind, you can tell from 
the design,” says Jim Bell of 
Arizona State University in 
Tempe, who has worked on several
NASA missions to Mars, including
the planned Mars 2020 rover. 

Details of SpaceX’s plan are 
scarce at the moment, although 
Musk is expected to reveal more 
in September at the International
Astronautical Conference in 

Guadalajara, Mexico. The overall
plan has been in motion since
at least 2011, says Brian Glass at
NASA Ames Research Center in
California.

“This is not out of the blue,”
Glass says. “It’s not just boom,
two years off the block. This is
more like a seven-year effort that
culminates with launch in 2018
and goes from there.”

SpaceX’s Falcon 9 rocket first
launched in 2010 and its Dragon

capsule has been ferrying cargo
to the International Space Station
since 2012. The trip to Mars will
use souped-up versions of both:
the Falcon Heavy rocket, which
is essentially three stages of the
Falcon 9 rocket strapped together,
and the Dragon 2 capsule, which
will eventually transport
astronauts to and from the ISS.

“If the Falcon Heavy stays on
schedule and the Dragon 2 stays
on schedule, they can make
2018,” says former NASA chief
technologist Robert Braun, now
at the Georgia Institute of 
Technology in Atlanta. 

Neither piece of kit has been 
extensively tested yet. The first 
Falcon Heavy launch is scheduled 
for later this year, and Dragon 2 is 
set to undergo test flights this 
year and next year.

The tough part won’t be getting 
the spacecraft to Mars, but getting 
it down to the surface (see “Red 
Planet’s curse”, right). With its 
thin atmosphere and strong
gravity, Mars is a difficult place
to land. At 900 kilograms, NASA’s 
Curiosity rover pushed the mass 
limit for what parachutes can 
carry to the surface, and its daring
hovercraft landing in 2012 was 
called “seven minutes of terror”.

Dragon 2 will weigh in at about
6400 kilograms, more than seven
times heavier. It will be equipped
with eight engines that will allow
it to hover. They were tested when
the capsule was dangling from a
crane in January (see photo, far
right). That’s “key for Mars
landing”, SpaceX tweeted on
27 April. It will probably use a
combination of parachutes and
retrorockets to reach the surface,
but even so it’s no easy feat.

“SpaceX wouldn’t [make this
announcement] unless they had
a reasonable approach to entry, 
descent and landing,” says space 
policy expert John Logsdon of 

George Washington University. 
It will also have the most

experienced Mars lander in
the business on its side: NASA. 
The space agency is partnering
with SpaceX on the Mars
mission, offering its deep space 
communications network and 
expertise in exchange for access 
to SpaceX’s data.

So once Red Dragon arrives at 
Mars, what will it do? SpaceX’s 
private funding puts it in a
position to send any experiment
Musk fancies – although it is 
bound by international planetary 
protection requirements to shield 

ANALYSIS  MARS MISSION

Hunt for life on Mars
SpaceX’s plan to send a lander to Mars in 2018 isn’t just ambitious – it’s 
our best chance yet of finding life on the planet, says Lisa Grossman
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“Everything SpaceX has 
done since the beginning 
has been done with  
Mars in mind”

1975
Viking 1 and 2 launch. They
become the first successful
Martian landers

1996
Mars Pathfinder launches. Its Sojourner
rover is the first free-ranging robot on
the planet’s surface

In Martian footsteps
SpaceX hopes its Red Dragon mission will follow in the footsteps of previous successful trips to Mars

2003
Spirit and Opportunity rovers
launch. They outlive their design
lifespans by nearly a decade

2012
Curiosity rover lands
using daredevil sky
crane system

2007
Phoenix lander launches. 
It tastes water ice near 
the Martian north pole

2013
India’s Mars 
Orbiter Mission 
launches

2016
ExoMars, a joint 
Russian and European 
mission, launches

2018
Proposed launch of 
SpaceX’s Red Dragon
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anything that might live on Mars
from destruction by incoming 
spacecraft. 

“The 2018 flight is a 
demonstrator,” Glass says. “It’s 
their ride and their rocket. There’s
no commitment on their part to 
fly anything at all, not even a 
wheel of cheese, on these flights.”

The launch date is also too soon
to build a custom experiment, but
SpaceX could bring in an off-the-
shelf experiment if it chooses. 

But the firm is in preliminary 
discussions with Glass and 
colleagues to include an
instrument called Mars
Icebreaker Life on future Red
Dragon missions, possibly as
early as 2020. This would land at
the icy north pole, near the Mars
Phoenix lander site. Phoenix, 
which was equipped with a drill, 
was the first Mars mission to taste
water ice, but couldn’t search for 
life directly.

Icebreaker would have a drill 
that can reach at least 1 metre 
below the surface, and three
different instruments that
would “search for specific 

rocks for signs of life.
Earlier this year, a study by 

Andrew Gonzales and Carol Stoker
at NASA Ames showed that Red 
Dragon would be able to carry 
equipment to launch a recovered 
sample towards Earth without the
need to rendezvous in Mars orbit 
with another spacecraft (Acta 
Astronautica, doi.org/bfq7).

That would make sample
return simpler and cheaper than 
previous mission designs, they 

say. If the Mars 2020 rover collects
rocks and stores them for future 
pickup by a Red Dragon mission, 
it could become simpler still.

The alliance between SpaceX 
and NASA on Red Dragon may 
signal a more collaborative phase 
in space exploration just as 
ambitions to go to Mars seemed
to be waning. We are no longer in
a space race world, Logsdon says. 
“There’s really not a geopolitical 
question for which the answer is,
‘go to Mars’,” he says.

NASA’s budget is unstable –
the same day that SpaceX made
its announcement, funding for a 
balloon-like aerobraking system 
the agency was designing for
Mars was cut. But as the old
guard, NASA still has the most 
experience. Combining that 
know-how with the commercial 
sector’s energy and flexibility 
makes sense.

“The competition should not
be between SpaceX and NASA,” 
says Jonathan McDowell of the
Harvard-Smithsonian Center
for Astrophysics. “It’s between 
humans and Mars.”

“I think the idea of NASA 
working with them is a precursor 
to how we’re going to be exploring 
in the future,” agrees Logsdon.
“When we go to Mars, it’s going
to be a partnership between 
multiple countries, and between 
government and industry. Here’s 
one early instance of that.”  ■

biomolecules that would be
conclusive evidence of life”,  
the team wrote in a 2012 paper.

“Icebreaker is different in that
it is looking for components for 
extant life,” Glass says.

That would be a departure in 
itself. Since the Viking mission in 
the 1970s, NASA has shied away 
from searching for life directly, 
opting instead to show that 
environments would have been 
habitable if life had happened to 
take hold. Astrobiology budgets 
have also been shrinking over the 
past 15 years.

“In my view the Mars 
programme (and the Mars science
community) has been reluctant
to embrace life detection,” says 
Chris McKay, also  at NASA Ames. 
“SpaceX may be interested in life 
detection if not as a pure science 
question then as an astronaut 
health and safety issue.”

Future SpaceX missions could
even send a chunk of Mars back
to Earth. The return of Martian 
samples has been a top priority 
for years, and some consider it
the only reliable way to test 

–Mars in 2019?–

RED PLANET’S CURSE

Mars eats spacecraft. More than half 
of all Mars missions have failed, 
earning the planet the nickname 
“Mount Everest of the solar system”. 
Only four space agencies have 
successfully sent orbiters to Mars: 
NASA, the European Space Agency, 
Russia’s space agency and most 
recently India’s. One famous failure 
was the 1998 Mars Climate Orbiter, 
which lost contact with Earth 
because of a failure to convert 
between standard and metric units.

Only NASA has sent landers that 
lasted longer than a minute. The 
USSR’s Mars 3 lander touched down 
safely in 1971, but only returned 
20 seconds of data.

So what makes Mars so difficult? 
Mainly it’s the air: at just 1 per cent 
the density of Earth’s atmosphere, 
the Martian atmosphere doesn’t 
create much drag, making it difficult 
to slow a heavy craft’s descent using 
parachutes. But it’s still thick enough 
to batter spacecraft with turbulence, 
making a purely thruster-powered 
landing an equally big challenge. 
The heat of atmospheric friction 
could burn up an improperly 
protected lander, and wind and dust 
storms could send it off course.

NASA used a combination of 
parachutes, air bags, retrorockets and 
a sky crane to lower its craft to the 
surface. SpaceX plans to use eight 
thrusters to hover before landing. 

Even if no science kit is onboard 
SpaceX’s first Red Dragon flight, it 
will be useful. Red Dragon would be 
the heaviest thing ever to land on 
Mars. Just showing that it is possible 
will be a big step.

“The competition isn’t
between NASA and
SpaceX – it’s between 
humans and Mars”
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Greening, but not so great
Climate-change deniers will say evidence of carbon pollution making 
Earth more verdant is all good news. It isn’t, says Olive Heffernan

HALF our planet’s vegetated
surface has become significantly
greener in the past three decades.
Plants in many regions – from
stocky shrubs of the Arctic to
towering trees of the rainforest –
are growing more and bigger
leaves, according to the latest
evidence. Leaf for leaf, it’s as if
4.4 billion giant sequoia trees
have been added to Earth.

This sounds like good news
and may buy us a little time,
but there is a sting in the tail:
the Arctic is greening rapidly,
which could be catastrophic.

The effects seen are mostly the
result of unabated greenhouse-
gas pollution. It is no surprise that
plants thrive when there’s more
carbon around, but the impact of
extra CO2

in the air – estimated as
causing 70 per cent of greening in
the new research – has never been
shown on this scale before.

This is worrying, for the simple

fact that climate-change 
contrarians such as Rupert 
Murdoch have previously invoked 
this greening as a force for good 
that counters the need to curb 
emissions. Their woefully 
misguided vision of a more 
verdant, healthier Earth under
climate change may now see
a renaissance. However, they 
should ponder what this actually 
means for the planet.

OK, trees grow and suck CO2
 

from the air, locking it up in leaves, 
shoots and roots until they are
chopped, burned or die. Each
year, a quarter of the 10 billion 
tonnes of CO

2
 poured into the 

atmosphere ends up stored in 
plants for the short term. That 
could buy us some time to deal 
with the other effects of climate 
change – ocean acidification, 
warming and so on. What’s more, 
it could boost plant growth 
enough to save diverse ecosystems 

End of a dream?
The utopia of rich and poor enjoying equally
long lives is fading, warns Les Mayhew

FIRST the good news: we’re
living longer in the UK, and
men are slowly catching up with 
women. Now the bad news: the 
long-term narrowing of the gap  
in life expectancy between rich 
and poor has gone into reverse.

A new analysis I co-wrote shows
that among males who reach 
adulthood, the longest-lived can 

expect to reach an age of 96.2,
living 34.2 years longer than
those who fare worst. This gap is
1.7 years wider than in 1993, when 
it was narrowest, making the 
following period the first step 
back since the 1870s.

For women, the situation is 
similar, but not so dire. The 
longest-lived can expect to reach 

98.5 years, 31.5 years older than 
the shortest-lived. This gap was 
smallest in 2005, but has grown 
by 0.4 years. Recent statistics 
paint a similar picture in the US.

Those whose lives are shortest 
are overwhelmingly poor. So why 
are they falling further behind for
the first time since the Victorian 
era, after the gap narrowed in the
decades to 1940 and then stayed 
the same for another 50 years? 

The years before 1940 saw major
societal changes that benefited

the worst-off most. Clean water, 
improved sanitation, greater 
health and safety, affordable 
housing and cleaner air are 
obvious examples. The poor 
gained most because the rich could 
already afford more protective 
environments and lifestyles.

By the 1950s, this catch-up
had all but paused. Obvious
public-health gains were done
and dusted, and advances in 
healthcare and medicine post-
1950 tended to benefit all parts of 
society equally – so the life gap 
held pretty steady.

Now we know that in the 1990s 
it started to widen. Lifestyle is the 
most likely cause, especially bad 

“The rich-poor divide in 
damaging lifestyles is now 
so stark that it is widening 
the life-expectancy gap”
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IT’S a heart-wrenching story, and one
we hear time and again. People with
an incurable illness are offered hope
by a new drug, only to have it snatched
away by uncaring bureaucracy.

This time, parents of children with
muscular dystrophy are battling the
US medicines regulator, the Food and
Drug Administration (FDA). Last week,
families accompanied by young boys in
wheelchairs told the agency’s panel of
advisers how an experimental drug
called eteplirsen had slowed their
child’s disease. The manufacturer,
Sarepta, claims the drug keeps
children walking for longer. But the
panel rejected the drug, saying that
the small trial hadn’t demonstrated
its effectiveness.

In the UK, similar scenes play out
over decisions by the National Institute
for Health and Care Excellence (NICE),
which assesses the cost-effectiveness
of drugs. The latest row involves a drug 
called Orkambi that reduces lung 
infections in people with cystic fibrosis. 
The drug’s clinical benefits are small 
and its cost is high, so NICE says it is 
too expensive to be worth it.

But the drug does have some 
benefits. In a world where these 

agencies are meant to be acting for
public benefit, how much should they 
be swayed by the voices of patients
testifying that a drug is life-extending? 

It’s a question that is likely to come 
up increasingly regularly for the FDA.
The regulator is supposed to be
listening to patients more, because
of a 2012 law introduced in response 
to claims that it was too strict at
assessing medicines for diseases
with few treatment options.

It has also become routine for drug 
companies to harness patient power to 
support the push to get a new medicine 
approved. Such lobbying reached a

nadir last year with Addyi, the “female 
Viagra”. The daily pill only boosts sexual 
encounters by one a month and can 
cause fainting. But the manufacturer 
flew people to Washington DC to 
testify that it had made them feel like 
new women. The FDA approved Addyi.

Muscular dystrophy is a different 
matter. It is a degenerative muscle 

condition that strikes down young
boys and is usually fatal by the early 
20s. There can be few diseases more 
in need of a cure. Unfortunately 
eteplirsen does not seem to be it. 

No one doubts the sincerity of the 
parents who spoke at the FDA hearing. 
But medical history is littered with 
examples of people feeling like a 
treatment is helping them, when 
careful, objective tests show that, 
in fact, it is not. 

In this case the careful, objective 
test hasn’t even been done. The 
manufacturer’s evidence was the 
results from giving the drug to 12 boys. 
Their walking abilities were compared 
with historical patient records. 

This approach is notoriously prone 
to making a medicine look better than 
it really is. The normal method is to do 
placebo-controlled trials – and ones 
involving hundreds of people. In this 
case, the scientific panel seems to 
have made the right call. Approving 
the drug would give families false 
hope, not to mention wasting 
everyone’s money.

Patients should be heard but they 
shouldn’t call the shots. There are 
widespread perceptions that miracle 
cures are out there and people would 
be getting them, if it weren’t for 
penny-pinching bureaucrats. This just 
isn’t true. It would be more useful if 
patients lobbied the pharma industry 
to bring down prices. Making drugs 
more affordable could be a miracle cure 
for countless patients.  Clare Wilson  ■

Whenthecustomer
isn’talwaysright

INSIGHT Patient lobbying
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–Hoping for a breakthrough–

“Few diseases are more 
in need of a cure than 
muscular dystrophy –  
but eteplirsen is not it”

For more opinion articles, visit newscientist.com/opinion

from dieback as the world warms.
But it’s not that simple. Before 

long, plants adjust and the effects 
of extra CO

2
 will start to plateau. 

In the meantime, other outcomes 
of climate change have worsened. 
As the Arctic and other snowy 
regions green, warming accelerates 
because white surfaces reflect 
light, whereas grassy or shrubby 
land does the opposite.

The Arctic is now warming four 
times faster than the rest of the 
planet, and greening is helping 
this along nicely. One possible 
outcome is that the Arctic’s 
permanently frozen ground will 
thaw and release a lot of stored 
methane, a potent greenhouse 
gas. That could be a disaster.

There are other downsides, 
such as denser forests catching 
fire more often and becoming 
more attractive homes for pests 
such as bark beetles, which send 
stored carbon straight back to the
sky. And even while greening
goes on, all the other downsides
of climate change grow apace, 
such as sea-level rise and more 
frequent extreme weather.

So if you’re out for a walk and 
find yourself marvelling at the 
unusually lush foliage, remember 
that Eden was only a fable.  ■

Olive Heffernan is a freelance 
environment writer 

diet, lack of exercise, and alcohol 
and tobacco use – raising the risk 
of early onset of today’s big killers, 
such as heart disease and diabetes. 
Research shows that death rates at 
working age are more than twice 
as high in the poorest fifth of men 
as in the richest. The rich-poor 
divide in damaging lifestyles is 
now so stark that it is widening 
the life-expectancy gap.

Action is needed to get back on 
course, but improving individual 
lifestyles may prove a tougher nut 
to crack than cleaning up dirty 
water and making work safer.  ■

Les Mayhew is a professor of statistics 
at Cass Business School, London
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Google knows your ills
A document obtained by New Scientist reveals the extent of Google
DeepMind’s foray into healthcare. Hal Hodson reports

IT’S no secret that Google has 
broad ambitions in healthcare. 
But a document obtained by  
New Scientist reveals that the  
tech giant’s collaboration with  
the UK’s National Health Service 
goes far beyond what has been 
publicly announced.

The document – a data-sharing
agreement between Google-
owned artificial intelligence 
company DeepMind and the 
Royal Free NHS Trust – gives the 
clearest picture yet of what the 
company is doing and what 
sensitive data it now has access to.

The agreement gives DeepMind

access to a wide range of healthcare
data on the 1.6 million patients 
who pass through three London 
hospitals run by the Royal Free 
NHS Trust – Barnet, Chase Farm 
and the Royal Free – each year. 
This will include information 
about people who are HIV-
positive, for instance, as well as 
details of drug overdoses and 
abortions. The agreement also 
includes access to patient data 
from the last five years. 

DeepMind announced in 
February that it was working  
with the NHS, saying it was 
building an app called Streams  

to help hospital staff monitor
patients with kidney disease.
But the agreement suggests that
it has plans for a lot more.

This is the first we’ve heard
of DeepMind getting access
to historical medical records,
says Sam Smith, who runs
health data privacy group 
MedConfidential. “This is not  
just about kidney function. 
They’re getting the full data.”

The agreement clearly states 
that Google cannot use the data  
in any other part of its business.
The data itself will be stored in the
UK by a third party contracted by 
Google, not in DeepMind’s offices. 
DeepMind is also obliged to delete 
its copy of the data when the
agreement expires at the end
of September 2017.

Google says that since there is  
no separate dataset for people with 
kidney conditions, it needs access 
to all of the data in order to run 
Streams effectively. In a statement, 
the Royal Free NHS Trust says that
it “provides DeepMind with NHS
patient data in accordance with 
strict information governance 
rules and for the purpose of direct 
clinical care only”. 

Everyday concerns
Still, some are likely to be
concerned by the amount
of information being made
available to Google. It includes 
logs of day-to-day hospital 
activity, such as records of the
location and status of patients –
as well as who visits them and 
when. The hospitals will also 
share the results of pathology  
and radiology tests. 

As well as receiving this 
continuous stream of new data, 
DeepMind has access to the 
historical data that the Royal Free 
trust submits to the Secondary 
User Service (SUS) database – the 
NHS’s centralised record of all 
hospital treatments in the UK. 
This includes data from critical 
care and accident and emergency 
departments. 

Royal Free did not respond to 
New Scientist’s questions about 
what opt-out mechanisms are
available to its patients. There
is already a way for patients to
opt out of SUS data collection,
but it is not straightforward and 
involves writing to your GP. But 
this does not cover live data on 
admission, discharge and transfer 
of patients. 

 The document also reveals  
that DeepMind is developing a 

– Gathering information–

“The data-sharing 
agreement gives Google 
access to information on 
millions of NHS patients”
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Google’s move into healthcare (see
main story) could make it a target  
for accusations of anti-competitive 
activity. It won’t be the first time.

■  In 2002, a company called 
SearchKing sued Google, saying  
that its dominance in search gave it 
undue influence over other internet
businesses. Google admitted 
to intentionally destroying 
SearchKing’s rank in its search 
engine, but still won the case. 

■  In 2005, Google was taken to  
task for making digital copies of  
10 million books. Critics complained 
that Google’s size and influence 
allowed it to broker a deal with 
copyright holders that few, if any, 
other companies could match.

■  Since 2010, the European 
Commission has been investigating 
allegations of anti-competitive 
behaviour by Google. It is claimed 
that the giant has abused its 
dominant position in online search 
to direct users to its other products, 
such as maps, flight search and 
shopping.  

INTERNET SUPERPOWER

platform called Patient Rescue, 
which will provide data analytics
services to NHS hospital trusts.  
It states that Patient Rescue  
will use data streams from 
hospitals to build other tools, in 
addition to Streams, that could
carry out real-time analysis
of clinical data and support 
diagnostic decisions. One  aim, 
the agreement says, is for these 
tools to help medical staff adhere
to the UK’s National Institute  
for Health and Care Excellence 
guidelines.

DeepMind is not planning
to automate clinical decisions –
such as what treatments to give 
patients – but says it wants to 
support doctors by making
predictions based on data
that is too broad in scope
for an individual to take in. 

Comparing a new patient’s 
information with millions of 
other cases, Patient Rescue might
be able to predict that they are in 
the early stages of a disease that 
has not yet become symptomatic, 
for example. Doctors could then 
run tests to see if the prediction is 
correct. 

Google declined to discuss what 
other kinds of tools it could build 
on the Patient Rescue platform – 
for instance by setting its artificial 
intelligences to work on huge
volumes of data from millions
of patients. However, it has 
previously stated that early 
detection of septicaemia – blood 
poisoning that kills 31,000 people 
in the UK every year – might be 
one future application. 

The data that DeepMind is 
collecting will allow it to make 
predictions about any disease  
it chooses, says Smith. “What 
DeepMind is trying to do is build  
a generic algorithm that can do 
this for anything – anything you 
can do a test for.”

We already know the kinds of 
things that are possible when 
machine learning is combined 
with large amounts of high-quality 
medical data. 

David Clifton, who runs  
the Computational Health 

ONE PER CENT

Help me
From the start of 2017, all 
cellphones sold in India will have a
panic button to alert emergency
services. The Indian government, 
which made the announcement 
last week, wants to make the 
country safer for women: sexual 
violence is rife and four rapes take 
place every hour. 

30% 
The drop in traffic to Wikipedia 
entries on terrorism – discovered 
by Jonathon Penney at the 
University of Toronto – following 
news in 2013 that the US National 
Security Agency was monitoring 
our web activity 

Brain racing
Keep your mind on the drone. On
22 April the University of Florida 
held a drone race with a difference. 
Instead of zipping around a course 
at 100 kilometres an hour, the 
small craft jerked erratically as
they inched towards the finish.
How so? They were being 
controlled by brain-computer 
interfaces that monitored
electrical activity in the pilots’
brains. To get the drones moving,
the pilots had to think about 
edging something forward – such
as pushing a chair across the floor.
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Informatics Lab at the University
of Oxford, says his group has
already deployed machine
learning tools across the four
hospitals that are part of the
Oxford University Hospitals
NHS Foundation Trust. “If you’re
in one of these hospitals you’re
being monitored with our stuff,”
says Clifton.

As well as monitoring the
health of individual patients,
these systems also watch out for
outbreaks of infectious disease.
Clifton and his colleagues are
also using machine learning on 
data from Oxford Health NHS 
Foundation Trust, which provides
in-home social care. Clifton says 
they can use the data to predict 
things like when a person might 
develop bipolar disorder. 

It is not about replacing doctors
or nurses, says Clifton. “It’s about

how can we bring the attention  
of medics to the right place,”  
he says. “We originally did this
in jet engines. There the goal
is the same – bringing human 
expertise to bear on the right  
part of the system.”

We need not be concerned
about Google breaching patient 
privacy or misusing the data, says 
Ross Anderson of the University 
of Cambridge, who taught 
DeepMind co-founder Demis 
Hassabis as an undergraduate.  
In fact, Google has a good record 
of keeping data secure and private. 
“If learning about adverse health 
outcomes helps them to predict 
patients at risk, then this is a
perfectly reasonable way to
make money,” he says.

For Anderson, the more 
important question is whether
Google – already one of the world’s
most powerful companies – 
should have so much control over 
health analytics. “If Google gets a 
monopoly on providing some 
kind of service to the NHS it will 
burn the NHS,” says Anderson. 

Smith has a parallel concern 
about the knowledge DeepMind is 
getting via this agreement. “This 
is private knowledge,” he says. 
“It’s only going to be available 
through Google or the Royal Free.” 

Google says it has no commercial 
plans for DeepMind’s work with 
the Royal Free and that the current
pilots are being done for free.
But the data to which the trust is 
giving DeepMind access is hugely 
valuable. It may have to destroy 
its copy of the data when the
agreement expires next year,
but that gives ample time to
mine it for health insights. 

Data mining is the name of the 
game in the burgeoning field of 
machine learning and artificial 
intelligence, and there’s no 
company in the world better 
at that than Google.  ■

“What DeepMind is trying  
to do is build an algorithm 
that lets it predict any 
disease you can test for”
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Tone up your conversation
Wearable tech can help us chat, finds Anna Nowogrodzki 

LEARNING a tonal language like
Chinese is notoriously difficult –
it’s easy to end up calling your
mother a horse. But soon there
could be a wearable headset that
can help.

The system was created for
people with autism who want
help with social interactions,
but it could be adapted to help
with speech or anxiety problems –
or even language learning, says
LouAnne Boyd at the University
of California at Irvine, part of the
team that designed it.

Called SayWAT, it gives live
feedback via Google Glass to the
wearer when they are speaking
too loudly or in a flat tone – things
that can lead to autistic people
unintentionally appearing bored
or abrasive in conversation.

SayWAT uses Glass’s microphone
to record speech, then displays
real-time guidance on volume
and tone. It shows a volume icon
if the user’s voice is too loud and 
flashes the word “flat” if the user’s
voice does not vary in pitch.

Fourteen autistic adults
tested the system. Four used
SayWAT to talk with non-autistic
volunteers, and 10 used it at an
employee training session. The
simple feedback seemed to help
the users modulate their volume,
as they crossed the threshold
that triggered feedback less often.

But the pitch feedback didn’t
have the same effect. Boyd says
this could be because pitch is
more complicated and might
need more specific feedback –
something one of the volunteers

requested. Her team will present
the work at the conference for
Human-Computer Interaction
in San Jose, California, next week.

The technology could be 
adapted to work on other devices,
says Boyd. A smartphone or watch
could give haptic feedback to 

guide speech, for example.
Live speech feedback could

help other groups too. “It would 
certainly be applicable to anyone 
who had a speech disorder, any 
sort of anxiety disorder,” says 
Julie Kientz, a computer scientist 
at the University of Washington. 

Real-time feedback when 
speaking a foreign language is 
also possible – but hard, says
Boyd. Giving live feedback takes
a lot of computational power,  
so the device could only focus
on a few aspects of speech at once.
But language learners could be 
alerted when they mess up a 
specific sound, like tones in
Chinese or the Rs in French,
for example. 

Some autistic people don’t wish 
to change the way they interact, 
but for others, the technology 
seems to fill a need. In the corridor 
after the experiment, one autistic 
man told Boyd, “I really, really 
want to be social, so if there are 
tools out there that can help me, 
I want to try them.”  ■

“The device gives real-time 
feedback to the wearer if 
they are speaking too 
loudly or in a flat tone”

–Quieter, please–

THERE’S nothing quite like the human
touch. Nimble-fingered robots that 
mimic the movements of a human 
hand could soon be used to help 
decommission nuclear power stations.

Remote-controlled robots with 
hand-like manipulators are often used 
in difficult or dangerous situations, 
such as bomb disposal. However, their 
movements are typically controlled by 
human operators via joysticks, which 
limits their dexterity. 

So Miika Perä and Hamid Reza 
Zaheri at London firm Cambrian 
Intelligence have built a system that 
lets robotic hands emulate human 
ones exactly. A human carries out  
the desired actions either in front of a 
video camera or while wearing a glove 
that captures movement. The robot 
copies the recorded movements as 
the human makes them. 

The first to benefit may be the 
nuclear industry. Cambrian Intelligence 
has received funding from Sellafield,  
a British company that decommissions 
nuclear power stations. “We just can’t 
handle certain facilities and materials 
with human beings,” says Sellafield 
researcher Tom Robinson. A human 
operator wearing a virtual reality 
headset could move the robot arm as 
if it were their own, says Perä. The 
company is now working on a system 
that goes beyond merely mimicking 
humans, to using its dexterity in novel 
situations. Chris Baraniuk  ■

Dextrous robotic 
hands copy human 
actions exactly
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Ready for his close up
WHO is the hardest to work with: this looming 
great hammerhead shark or one of Hollywood’s 
gilded A-listers?

Michael Muller would know. Best known for 
his photographs of film stars like Brad Pitt or 
Joaquin Phoenix, over the past decade he has 
trained his lens on nature’s superstars: great 
white and hammerhead sharks, among others.

This shot of a great hammerhead  was taken 
last February off Bimini Island in the Bahamas.  
To create the atmospheric haze around the 
onrushing animal, Muller threw a handful of 
fine white sand in front of him and snapped 
the shark as it emerged through the ”smoke”. 

Muller uses a custom-built underwater  
strobe-light system to create lighting fit for 
a celebrity. His team includes local shark 
behaviourist Brocq Maxey, who coaxes the 
animals to show their best side (see inset, below). 

“Sharks are easier then people,” he says. “It’s so 
quiet and instead of trying to control a shoot I just 
go with the flow and let the sharks direct the 
shoot and what they are going to model for me.”

Hammerheads aren’t considered dangerous. 
They use their widely set eyes and other senses 
to detect prey, particularly stingrays, hiding 
under the soft sand on the seabed. 

Muller’s book Sharks: Face-to-face with 
the ocean’s endangered predator is out now.  
An accompanying exhibition opens at the Taschen 
gallery in Los Angeles this week.  Niall Firth

Photographer 
Michael Muller    
Taschen/CPI Syndication
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W
E ALL know the ending: everybody
dies. Since our sun’s birth 4.6 billion
years ago, its core has been getting

ever denser and hotter. It is now 30 per cent
more luminous than at birth and it’s only
going to get brighter. Ultimately, life’s fate is
sealed – it will be fried by the sun’s intense
energy. Earth will once more be a dead rock.

But let’s not jump ahead quite that far.
Take a few minutes to think about Earth’s final
chapter. What will be the last organisms to
survive as the planet fries and where will they
hide? What will our blue marble look like in its
swansong millennia? Humanity will have
vanished long before the final act, so we will
never truly know – but that hasn’t stopped
researchers from making educated guesses
about how it might unfold.

The end of life is not going to be a simple
decline into nothing. There will be periods of
resurgence when new, bizarre life forms are
spawned. Mountains will stop growing. When
that happens will determine what lives and
what does not. And there’s the question of
what role we humans will play in Earth’s
future – in particular whether we’re able to
give ourselves a temporary stay of extinction.

It was James Lovelock, best known for the
Gaia hypothesis, who first considered the
effect of the sun’s brightening on Earth. In a
1982 paper written with Michael Whitfield,
the pair pointed to a known chemical reaction:
carbon dioxide in raindrops reacts with
silicate rocks, producing solid carbonates.
The process, called “weathering”, takes CO2

out of the atmosphere – and the hotter the
temperatures, the more it rains and the faster
this happens. Whitfield and Lovelock wrote
that as Earth warms, weathering should

increase, eventually reducing CO
2

levels to
such a degree that photosynthesis must cease.
Sure, taking CO

2
out of the atmosphere would

dampen the greenhouse effect and put the
brakes on rising temperatures, but that’s only
in the short term. Over time this would be
overwhelmed by the warming of the sun.

No photosynthesis means no plant life
and no plant life is never good news for
animals. Lovelock and Whitfield suggested
the complete extinction of life on Earth could
unfold in just 100 million years, a mere blink
of an eye on geological time scales. While the
basic idea has stuck, the current thinking is
that it will actually take 600 to 900 million

years for CO
2

concentrations to fall below
the 10 parts per million necessary for
photosynthesis.

Astrobiologist Jack O’Malley-James of
Cornell University recently sketched out a
possible fate for Earth’s swansong biosphere.
He teamed up with other astrobiologists and
plant biologists, and used what we know about
animal, plant and microbial energy needs,
as well as other factors like species’ ability to
move to new habitats or migrate, in order to
build a rough sequence of extinctions over the
next 4 billion years (see timeline, page 30).

“It’s a little like following the evolutionary
tree of life in reverse,” O’Malley-James told
New Scientist. “Animals get smaller and
simpler.” Along the way, some species are
expected to fare better than others. Migratory

Swansong

Earth won’t always be a blue marble – give it a billion
years or so and things will start getting decidedly nasty,

says Andy Ridgway
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birds, for instance, are able to seek out cooler, 
higher regions as Earth warms up. And life in 
the sea should cope slightly better, since water 
takes longer to warm up than air. 

In the simplest scheme, once large and 
small vertebrates have died on land and in the 
sea, only marine invertebrates would remain, 
with microbes to keep them company. 
O’Malley-James proposes that the last  
non-microscopic animals will be tube worms 
living around deep-sea hydrothermal vents. 

Things will go from bad to worse 1 billion 
years from now. By then, average global 
temperatures are expected to reach 47 °C. The 
oceans will rapidly evaporate. The additional
water vapour in the atmosphere will trigger a
runaway greenhouse effect. Microbial life will
cling on in shrinking pockets of water. They
will be snuffed out first in the tropics, then at
the poles. For a time, mountaintops and
underground ice caves will provide shelter
from the baking heat. But life’s final bolthole
will be the deep subsurface, where microbes
will continue to eke out a living until – under
the most optimistic estimate – they finally
disappear 3 billion years from now.

That’s the idea in basic form. The reality is
of course far more complicated and several 
factors could throw huge spanners in the 
works. For starters, recent studies suggest our 
understanding of rock weathering could be 
flawed, which would mess up O’Malley-James’ 
timing estimates. “While there is a link 
between warmer temperatures and increased 
CO2

 draw-down,” he says, “other factors, such 
as relief, rock type and acidity, could be more 
important.” The net result is that CO

2
 may not 

react as quickly as had been thought, which 
would mean plants carry on for longer than 

“What will be the last animals  
to survive as the planet fries  
and where will they hide?”

Earth





Early  
dinosaurs make  
an appearance

250m

Bye bye 
dinosaurs,  
hello mammals

65m

Then 
amphibians

340m

Then 
insects and 
quadrupeds

400m

They were 
followed by 
plants

465m

Photosynthesising bacteria 
start coughing oxygen into 
the atmsophere

2.4bn

The first cells 
form in water, 
somewhere

3.5bn

The spark of life  
animates molecules  
for the first time   

3.8 billion years ago

500 million years ahead
As the sun gets hotter, rising temperatures boost silicate rock
weathering (see main story). As a result, more and more CO2 is sucked out
of the atmosphere. Plants struggle to photosynthesise and start to die.
With plant food becoming scarce, the great animal die-off begins

1.85bn
It’s now getting too hot even
at the poles. Microbes start to 
die in sea-level pools…

2.2 bn
…and then at altitude.
The surface is now sterile.
Underground, microbes stick
around for a little while longer

Life's epic journey
The first living molecules appeared 3.8 billion years ago and on 
current estimates, the last cells will be snuffed out in another 3 billion 
years. Along the way, several factors could have huge consequences 
for what survives and where. Among them: plate tectonics (Water 
world scenario) and Earth’s tilting axis (Tilted planet scenario)

1.5bn
Tilted planet scenario  

The moon has been slowly moving away, and by now  
it is causing Earth’s axis to swing. Earth settles at an 

extreme tilt. Some regions are protected from the sun, 
temperatures dip below 100 °C for part of the year,  

and some cave systems even have liquid water year-round. 
Even deeper down, it freezes, and in these cold-trap caves 

microbes survive for more than a billion years

2.8bn
On the tilted planet, even the 

deepest caves have become too 
hot for life. Microbes in the 

subsurface hold on for another 
200 million years

500 million years ahead
Water world scenario
Earth's core cools and plate tectonics
grind to an early halt. Mountains stop
rising, and erosion flattens most of
them within 20 million years.
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Apes  
split from
monkeys

25m

Our
ancestors
split from
chimps and
bonobos

7-6m

All of humanity fits in this box

200,000 years ago 
Homo sapiens stands up and walks  
out onto the African savannah

    YOU ARE HERE
Humans colonise every corner  
of the planet

800,000 years ahead 
If we have the same lifespan as other 
big mammals, we go extinct. But extra 
smarts and technology could give us 
more time

If, by some remarkable feat, Homo 
sapiens or its descendants manage to 
keep going for hundreds of millions of 
years, the soaring temperatures would 
start to be a real problem. Humans 
could perhaps buy even more time by 
building a planetary sunshade, or (why 
not?) pushing Earth out of orbit

➧ ➧

As erosion flattens the land, the 
oceans start to flood the continents. 
Remaining peaks become refuges for 
life. Elsewhere, only marine life 
survives. Plants die as CO2 levels fall



The first  
complex cells  
are "born" and…

2bn

…divide into three groups: 
the ancestors of plants, 
animals and fungi 

1.5bn

Backbones evolve in the first 
true vertebrates, as part of the 
Cambrian explosion

530m

Tiny jellyfish are the first complex animals. Some 
say sponges came first, but recent genetic evidence 
suggests not 

650 million years ago

Fossils suggest our  
ancestors had crawled  
onto land by now

500m

Large mammals are first, followed by small mammals, then birds, amphibians, 
large fish, reptiles, small fish, until only marine invertebrates and microbes 
remain. Battered by rising temperatures and radiation, life goes through a 
renewed evolutionary explosion. Completely new life forms could arise

900 million years ahead 
CO2 levels drop below the minimum 
needed for plant life. Only microbial 
photosynthesisers are left. 

For a while, insects that can eat dead 
plants will hang around, but soon only 
creatures that don’t need plants can 
survive. Tube worms feed off chemicals 
from underwater hydrothermal vents. 
Tardigrades could eat bacteria and other, 
smaller, tardigrades

1bn 
The sun is 10 per cent brighter than in 
the 21st century. The average 
temperature is 47 °C. Oceans start to 
evaporate. This spells the end for 
even the hardiest animals. For the 
first time in about 4 billion years, 
Earth is a microbial world

1.1bn  
CO2 levels fall so low that even 
microbial photosynthesis ends. 
Some microbial life marches on, 
using energy from chemical 
compounds rather than light

1.2bn 
The equator becomes too hot 
for the microbes still clinging 
on in pockets of water. They 
are extinguished first at 
sea-level… 

1.5bn
…then at the tops of 
equatorial mountains

3bn
3bn 
3bn 

Evaporating oceans cause a runaway 
greenhouse effect. Temperatures 

rocket. Even microbes deep beneath 
the surface cannot hold out. Earth 

becomes sterile

4bn 
The heat  
is now great 
enough to 
melt rock 

7.5bn 
The sun expands to become a red giant. 
Soon after that, Earth and the moon are 
engulfed by it. The sun’s habitable zone 
shifts to the outer solar system. Jupiter's 
moon Titan might just warm up enough 
for life to evolve. Maybe

800m
The last mountains are eroded. 

Earth becomes a water world. 
Without nutrients flowing  

off the land, even marine life 
starts to go extinct

1 billion
The sun is 10 per cent  

brighter than in the 21st century. 
The average temperature is 

47 ̊ C. Oceans start to evaporate. 
Only microbes survive.  Go to 3bn
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predicted, stalling the biosphere’s collapse
by hundreds of millions of years, or longer.

Plate tectonics could also transform the
fate of the biosphere. The process is driven
by geothermal heat, which comes from 
radioactive decay of isotopes deep within 
Earth. But there is a finite amount of material, 
so the amount of energy released will slowly
drop. When eventually plate motion grinds to
a halt, mountains will stop rising and, over 
millions of years, erosion will level the land.
“That could happen any time between half a
billion and 2 billion years from now,” says
David Catling, an astrobiologist at the
University of Washington, Seattle. The exact
timing will govern life’s final stages,
and whether Earth becomes a water world
before drying up completely (see Water
world scenario, page 30).

The moon has a role to play in these events.
It is moving away from us by 3.78 centimetres
a year. Sometime between 1.5 and 4.5 billion
years from now, it will stop stabilising Earth’s
tilt. “The poles will start tipping to the line
where the equator would have been,” says
Lewis Dartnell, an astrobiologist at the
University of Kent, UK. Without the moon’s
stabilising influence, Earth’s tilt could swing
erratically. “That will have extraordinary
climatic effects.” If there were still plants
and animals, “they probably wouldn’t stick
around for much longer”, says O’Malley-
James. “The climatic conditions would be

constantly changing. If you change things
too rapidly, organisms can’t evolve or adapt
to the new conditions, and you are likely to
get a lot of extinction.”

There’s another possibility. While the moon
is still exerting some control, Earth’s axis
could settle somewhere other than its current
23-degree tilt. If it becomes greater, bigger
extremes between seasons could keep some
regions habitable for longer, says O’Malley-
James (see Tilted planet scenario, page 30).

Shifts in Earth’s axis and tectonics aside, it is
the changes in temperature and CO2

 that give 
us some of the most intriguing possibilities. 
That’s down to the fact that they are going to 
rise and fall in a jerky fashion, says Peter Ward,
an astrobiologist and palaeontologist at the 
University of Washington in Seattle. Rock 
weathering happens 7 to 10 times faster when
plants are around, because their roots break 

up rock and expose more of it to CO
2
. “But it 

will get to the point where complex plants die
and so you lose roots and the weathering slows
down,” says Ward. At the same time, volcanoes
will continue belching CO

2
, so levels will rise 

for a while. As the sun gets brighter, its
luminosity will also become more erratic.
A sudden increase in intensity would boost 
weathering and bring CO

2
back down.

Under these conditions, says Ward, Earth’s 
biosphere will fluctuate. During cooler times,
life will get a reprieve, and complex organisms
could evolve again – organisms that may be 
quite different from what we’re familiar with,
specially adapted to low oxygen and warm 
temperatures. Bizarre body plans could evolve.

Ward imagines animals evolving new
adaptations, such as shields to protect them
from intense radiation – something like a
turtle with a shell made of iron-rich minerals.
“Or you could almost imagine an animal that
has a big bag of water on its back that would 
protect its inner organs, because water can 
also serve as a shield.”

And what of us? A look at the fossil record 
does not paint an optimistic picture. 
“Mammal species only last about a million 
years on average,” says Catling. “A species 
lifespan of 10 million years is very rare.” We’ve
been here for 200,000 years so far, so we still 
have hundreds of thousands of years ahead of
us. But odds are we will be long gone before 
things get really hairy. “I appreciate this is not
a popular view,” says Catling. “The conceit that
humans are invincible on geologic timescales
is widespread and far more popular.”

He cites disease, natural disaster and  
self-inflicted ecological collapse as possible 

curtain calls for our species. A rise of just 8 ̊ C 
would change civilisation as we know it, says 
Johan Rockström at the Stockholm Resilience 
Centre in Sweden. Sea levels roughly 60 metres 
higher than they are today would eradicate 
most urban centres. Fresh water supplies 
would shift towards the poles leaving the 
tropics essentially uninhabitable. “This would 
most likely mean a concentration of human 
populations in the southern and northern tips 
of the hemispheres,” says Rockström. 

Let’s be fanciful and imagine Homo sapiens 
overcame the rather stiff odds and found a 
way to cope with all this. In that case, we might 
well evolve to suit our new conditions, says 
Rockström. What we currently see as the 
pinnacle of human evolution may turn out to 
be transient, agrees Catling: “In the optimistic 
scenario that humans survive, technology will 
transform any descendants into a post-human 
species that will be barely recognisable to us. 
It’s impossible to imagine how exactly 
advances in modern gene therapy or 
prosthetic devices will change the human 
species into another species. But another 
species will surely be the result.”

And who is to say what that species would
be capable of. “In the far future, if humans are 
still around, or some other intelligent species, 
they would presumably be doing everything 
they could to stave off the temperature rises,” 
says Dartnell. Options are pretty limited. “The 
only thing that could really delay the planet
becoming uninhabitable would be
geoengineering on a truly massive scale – 
basically a planetary sunshade. But by 4 billion 
years from now, even maintaining a sunshade 
becomes problematic,” says Catling. There is, 
however, an even more radical alternative.

As the sun gets brighter, its habitable
zone will sweep towards the edge of the solar
system, to the point where Earth would no
longer fall within it. “So why not move us
outwards to a wider and wider orbit so the
planet stays within this migrating habitable
zone,” says Dartnell. “We could start sending 
comets or asteroids down towards Earth so they 
gravitationally slingshot past. If you arrange 
that encounter, you can transform the orbital 
energy of the comet into the orbital energy of 
the Earth and it will migrate outwards.”

But even that would have its limit – no
civilisation could possibly withstand the
sun’s red giant phase 7.5 billion years from
now. So ultimately, the ending is always the
same – everybody dies. Unless we’ve moved 
somewhere entirely different, that is.  ■

Andy Ridgway is a freelance writer based in Bristol

“New animals could evolve  
with special organs to shield  
them from radiation”

If Earth’s axis gets a big nudge, ice caves 
could offer a cool haven for microbes
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W A V E  H E L L O

The discovery of gravitational waves fulfilled a prediction 
made a century ago by Albert Einstein and was the 
culmination of decades of experimental work. We spoke  
to the researchers involved, and also got an insider’s view  
of the detector that finally made the breakthrough.

Interviews by Daniel Cossins. Photos of the LIGO experimental 
site at Livingston, Louisiana, by Enrico Sacchetti
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In 1969, Rainer Weiss was a young 
MIT professor. At the time gravitational
waves were a theoretical curiosity: 
Einstein himself took years to be 
convinced by his own prediction that 
moving cosmic bodies would send out 
ripples through space-time. Then 
physicist Joseph Weber claimed to  
have recorded one on a xylophone-like 
instrument he called a resonant bar 
detector. Weiss takes up the story.

The students on my course were 
fascinated by the idea that gravitational
waves might exist. I didn’t know much
about them at all, and for the life of 
me I could not understand how a bar 

interacts with a gravitational wave.
I kept thinking, well, there’s one

way I can explain how gravitational
waves interact with matter. I said,
suppose you take a light – I was
thinking of just light bulbs because,
in those days, lasers were not yet really
there – and sent a light pulse between
two masses. Then you do the same
when there’s a gravitational wave.

Lo and behold, you see that the time
it takes light to go from one mass to
the other changes because of the
wave. If the wave is getting bigger,
it causes the time to grow a little bit.
If the wave is trying to contract, it 
reduces it a little bit. So, you can see 

this oscillation in time on the clock.
I was hiding in this little office in 

Building 20 at MIT and for about three 
months I thought about how you 
might do this. First I thought you
couldn’t get clocks good enough.
But we did some experiments and
I learned you could do unbelievably 
exquisite measurements with lasers.

I wrote this up but I didn’t publish 
it. The people at MIT wanted to know 
where the hell I’d been spending my 
time, so I put it into the quarterly 
progress report for my lab. I came to 
the conclusion that, if you built this 
thing big enough, you could probably 
detect gravitational waves.

P H O T O  E S S A Y
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Above: The “vertex” where the  
two tubes meet. The laser beams  
are recombined here, and the 
interference pattern they create 
will change when a gravitational 
wave disturbs either beam

Based on Weiss’s idea, the US National 
Science Foundation (NSF) eventually 
began funding the development of
what became the Laser Interferometer 
Gravitational Wave Observatory
(LIGO) in 1979. But progress was slow, 
and when Caltech physicist Barry
Barish took the lead on the project in 
1994, questions were being asked

 
The NSF had lost confidence and were 
basically giving up on it. There was a 
lot of resistance. It represented the 
extreme of what you might call a  
high-risk, high-pay-off project. So we 
revamped it entirely. Over a period of 
six months we made it look like a new 

project. And it was hard because if you 
had asked me then, could we build 
what we now know we need to detect 
gravitational waves, the answer would 
have been no.  

So the idea, and the words that I 
used, was that with the initial version 
of LIGO it would be possible to detect 
gravitational waves. And then we 
would evolve into a detector, which we 
called Advanced LIGO, where it would 
be probable. But in all honesty, we had 
nothing more than ideas on how to do 
the Advanced LIGO part. To me, the 
miracle in this whole thing is that we 
somehow got financial support for 
22 years until we succeeded.

P H O T O  E S S A Y

Above, left: The LIGO detector 
consists of two beam tubes at  
right angles to one another, each 
die-straight and 4 kilometres long. 
Within each tube, lasers ping back 
and forth many hundreds of times, 
reflected by mirrors at both ends
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LIGO’s detectors occupy two sites in
Livingston, Louisiana, and Hanford,
Washington. Since joining the project in
2000, Hanford’s lead detection scientist
Michael Landry has been ensuring
the instrument is as sensitive as possible
to the minuscule signals it was built
to detect

Space is a stiff medium, so it doesn’t
want to vibrate. The detector has to
register changes that are about a
thousandth the size of a proton. If you
were trying to measure the distance
between here and our nearest star,
Proxima Centauri, it would be like
watching that distance change by
the width of a human hair.

It’s an ongoing battle to suppress 
noise in the instrument. There are 
ground noises like earthquakes, but 

a less obvious example is Earth’s
ringing – at low frequencies, it rings
like a bell because of ocean waves
hitting against the continental shelf.

If you get storms off the coast of
Alaska or the Gulf of Mexico, ground
motions increase. We have to suppress
that motion by registering it with
seismometers and feeding it into
seismic suppression systems – kind of
the way noise-cancelling headphones
work by sampling the ambient noise
and then playing it with the right
phase to cancel it out at your ear.

There are also a lot of internal
noises that we have to suppress.
Things like electronic noise, or
quantum noise in the laser. All of
that means the LIGO detectors are 
absolutely the most quiet and the 
most sensitive detectors ever built.

Above, left: LIGO’s cylindrical 
mirrors are polished to 
nanometre precision to reflect 
the laser beams without 
absorption and ensure no 
surface roughness affects 
the detector’s timing

Above: The ultrapure silica 
mirrors are suspended on glass 
fibres. Their suspension cage 
adjusts for the changing 
motions of the ground that 
might otherwise disturb the 
measurement

P H O T O  E S S A Y
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In September last year, just a few days
after Advanced LIGO finally came on
stream, Michael Landry received
notice of an unexplained signal.
At first he was convinced it was an
“injection” – an artificial pulse used
occasionally to test the instrument

On the morning of 14 September,
I opened my computer and saw an
email indicating this event seen in the
data literally tens of minutes earlier.
I thought, it’s probably an injection.
It was so early in the observation
phase. It wasn’t until later, in the lab,
that we determined there was no such
injection. We did a whole lot more
investigation and it took months to
validate it. But it was immediately
obvious that if this thing wasn’t an
injection, it was the best damn thing
we had ever seen.

The gravitational wave apparently
came from the collision of two black
holes, formed from collapsed stars,
1.3 billion light years away.
For Rainer Weiss, now 83 years
old and a professor emeritus at MIT,
it was a long-sought vindication

The discovery itself was spectacular.
To me, it was the thing that I would
have wanted most, to see the collision
of two black holes. If you want to ask,
what was the reason for building this
thing in the first place, it’s to check
up on whether Einstein’s theory
works in strong gravitational fields.
That was the one place where general
relativity had not been tested. And
here, suddenly, we have in our hands
a thing that says Einstein’s field
equations, the whole thing, is
absolutely right.

For Nergis Mavalvala, an MIT physicist
who has worked on LIGO for 25 years,
this detection is just the beginning

I don’t think this was some master
plan from nature, as in “let’s be nice
to these people here on this little Earth
place”. Black holes collide all the time.
What was lucky was that we happened

to have a detector with sufficient 
sensitivity to see this one at the
moment it went up. If we continue,
we will see more.

One of the amazing things about 
general relativity is you solve the 
equations – although that’s taken 
decades – and create templates for 
how signals should look. Nature was 
kind in that the very first signal we 
saw was so clear. Many people 
expected we would see really weak 
signals, barely poking above the  
noise, and that there would be a lot  
of discussion about whether it was a 
detection or not. None of that 
happened. That’s where we lucked out.

The discovery drives us harder 
because we know there is stuff out 
there waiting to be observed. You 
might imagine we would think, “OK, 
now we’ve seen it we can pack up and 
go home”. But in fact it’s just the 
opposite. We’ve seen the very first 
gravitational wave, but we have so 
much more to discover.

We have a lot to learn about black 
holes, and then there are neutron 
stars. Personally, my hope is that we 
will see something that really has us 
scratching our heads. Maybe we will 
have discovered some new object that 
I can’t begin to describe or name.  ■

P H O T O  E S S A Y

Above: The LIGO Livingston 
control room, where a distinctive 
“chirp“ was recorded at 09:51 UTC 
on 14 September 2015. It lasted 
just a fraction of a second, but was 
registered almost simultaneously 
3000 km away in Hanford – the 
expected signal of a gravitational 
wave travelling at light speed



CRYING 
TO BE HEARD

In an increasingly noisy ocean the 
complex communication of beluga 

whales could be their downfall, 
finds Isabelle Groc
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I
N HER office at the Vancouver Aquarium,
Valeria Vergara is immersed in a world of
sound – complex chirps, whistles, clicks,

squeaks, grunts, screeches and foghorns. “It’s
deafening. It’s like stepping into a jungle,” she
says. But Vergara isn’t listening to the songs
of tropical birds. Instead, the calls come from
beluga whales, nicknamed the canaries of the
sea for their singing. These Arctic inhabitants
live in darkness for half the year so rely on
sound to communicate, navigate, socialise
and hunt. “Sound to them is like vision to
us,” Vergara says. “It’s the fabric of their
social world.”

On the other side of Canada, Robert
Michaud relies on vision to gain insights
into belugas in Quebec’s St Lawrence estuary.
Over 30 years he has compiled a family album
in which each animal is pictured and named.
Every spring, he looks forward to the return
of Yogi, Miss Frontenac, Griffon and the
others from their winter feeding grounds.
“I start wondering who we will see this year,
who is going to be there, who is going to be
missing, who is going to have a baby,” he says.

This year, Michaud’s feeling of excitement
is mixed with deep anxiety. For the past six
years, an alarming number of dead newborn
belugas have washed up on beaches. The
puzzling deaths have forced him to question
everything he thought he knew about the
whales. But there’s a glimmer of hope. This
summer, Vergara and Michaud will combine
sound and vision, eavesdropping on the
underwater dialogue between mothers and
calves in an attempt to solve the mystery.

When Michaud began his work in the
mid-1980s, the St Lawrence belugas were
struggling with a different problem. Located
at the southernmost limit of the species’
distribution (see map, page 40), they are
genetically distinct and geographically
isolated from other beluga populations.
Once numbering some 10,000, after years
of whaling they were down to just 1000.
Hunting had been banned in 1979, and
scientists had hoped the belugas would
bounce back. They didn’t. “There was
something going on, because a healthy
population should have doubled in 30 years,”
says Michaud, who is scientific director of the
non-profit Group of Research and Education
on Marine Mammals, based in Tadoussac.

It took years of painstaking investigation,
but eventually Michaud and other researchers
identified a key culprit: toxic pollution. The
St Lawrence belugas live downstream of the
densely populated and highly industrialised
Great Lakes region, along a major shipping
corridor. The pollution released had made

them among the world’s most contaminated 
marine mammals. Their blubber contained
levels of polychlorinated biphenyls (PCBs)
25 times higher than in other beluga 
populations. Exposure to PCBs weakens the 
immune system, reducing a whale’s ability to 
fight infectious diseases, a primary cause of 
mortality for these belugas. The St Lawrence 
whales also had the highest rate of cancer ever 
reported in cetaceans, probably caused by 
exposure to carcinogens such as polycyclic 
aromatic hydrocarbons (PAHs) concentrated 
in sediments. 

The findings led to action. “We used the 
beluga as a poster child to speed up the 
cleaning of the St Lawrence,” says Michaud. It 
worked. Efforts to limit PAHs and PCBs, which 
had began in the 1970s, were redoubled. With

fewer toxins accumulating in their bodies, no
beluga born after 1971 has died of cancer, as far 
as we know. Michaud’s team also championed 
the creation of protected areas for the whales’ 
habitat. In 1998, the Saguenay-St Lawrence 
Marine Park was established.

Michaud thought the worst was over.  
The population seemed stable, and although 
he continued to monitor the animals, his 
research programme entered a slower, 
sleepier phase. 

Then, in the summer of 2008, eight dead 
newborn belugas washed up on the shore. 
Usually one to three calves die every year, but 
alarm bells didn’t ring because there seemed 
to be a rational explanation – a toxic algal 
bloom had killed numerous marine mammals 
that year. In 2010, another eight beluga calves 
died. Michaud still didn’t see the warning 
signal. But two years later, he had a brutal 
wake-up call: 16 newborns were reported dead.

Thrown into a sudden crisis, researchers 
spent the whole of 2013 reviewing everything 
they had learned about the St Lawrence 
belugas. They discovered that whale numbers 
weren’t stable after all; they had been 
declining at a rate of 1 per cent per year since 
the early 2000s. The death of newborns  
wasn’t the only puzzle, either. For a decade 
female belugas had been dying while giving 
birth, a rare phenomenon in cetaceans.  
With fewer than 900 animals remaining,  
in December 2014 the Committee on the  
Status of Endangered Wildlife in Canada 
deemed the population endangered. >

Belugas are among 
the most vocal of 
cetaceans D
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“A brutal wake-up call came 
in 2012 when 16 newborns 
were found dead”
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The situation seemed more hopeless than 
ever. Thirty years ago, the belugas struggled 
with what Michaud calls “ghosts from the 
past”, but at least the problems of intense 
commercial hunting and toxic contaminants 
were relatively easy to act on. “Right now we 
have a population in decline but we don’t 
know where the problem is,” says Veronique 
Lesage of the Department of Fisheries and 
Oceans Canada, who led the 2013 review.

In an attempt to find out, researchers have 
been scrutinising all the possible culprits, 
from factors associated with climate change  
to new pollutants (see “The perfect storm for 
belugas”, below right). Michaud compares the 
work to a huge and complex detective enquiry. 

Recreational hazard
While sifting the evidence one association 
jumped out at him: between 2003 and 2013, 
recreational boating had increased, 
particularly in areas important to mothers and 
calves. What’s more, the high calf mortalities 
in 2010 and 2012 coincided with warm and  
dry conditions that led to more boats in whale 
habitat during July and August, when belugas 
are born. “Could there be a mechanism to 
explain the calf mortality?” he wondered.

This is where Vergara comes in. While 
studying the interactions of a captive female 
beluga and her newborn at Vancouver 
Aquarium, she discovered that they use 
specific broadband, pulsed calls to maintain 
contact. “The contact calls are a predominant 
function for mothers and calves but also used 
for herd cohesion,” she says. Her research  
also revealed that newborn calves babble like 
human babies. During the early months their 
calls sound like a finger running along a comb. 
It takes them between one and two years to 
fully reproduce the contact calls of their 
mothers. This sophisticated approach to 
communication could be their downfall. 

Vergara thinks the increase in boat traffic in 
the St Lawrence could have affected the babies’ 
ability to communicate with their mothers. 
“During the first two weeks, the calves’ calls 
don’t reach the frequency that adults’ calls 
reach. It means that they could be more 
susceptible to masking by boat noise,” she 
says. As a result, when there is a lot of boat 
traffic, calves are more likely to become 
separated from their mothers, leaving them 
without care or food. Tellingly, the dead 
newborns showed no signs of disease, just 
starvation. “When Valeria brought this idea 
with the data and the mechanism to explain 
it, I thought wow, this is a very important 
hypothesis to investigate,” says Michaud. 

Creatures of sound
Living in the Arctic and sub-Arctic means beluga whales spend half the year in 
darkness, so they rely on sound to communicate, navigate, find food and socialise

St Lawrence river
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Could the ever-noisier 
marine environment 
be behind the deaths 
of baby belugas? 
Monitoring the whales’ 
behaviour and 
communication could 
tell us (below)
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Noise pollution may also help explain why 
females are dying in labour. “If a pregnant 
female is stressed or disturbed when she is 
ready to give birth, that could be associated 
with an increase in the birthing duration,” 
says Stephane Lair at the University of 
Montreal, who conducts beluga necropsies. 

Vergara’s findings are also a warning for 
other beluga populations and other cetaceans.
“Global warming is causing the Arctic to lose 
ice at an unprecedented rate, and this means 
that there are a lot more areas opening up for 
navigation and human activities that bring 
about noise,” she says.

Noise is thought to play a critical role in the
decline of the Cook Inlet beluga population  
in Alaska, which has dropped by nearly  
75 per cent since 1979, with only 340 animals 
remaining. Cook Inlet serves as a harbour for 
Anchorage, Alaska’ s largest city, so lots of 
noisy activities take place there, including  
port expansion, construction projects, 
shipping and airport traffic, seismic surveys 
for oil and gas, and military activities. “The 
belugas chose the wrong inlet to live in,”  
says Manuel Castellote, a marine mammal 
acoustics expert with the US National Oceanic 
and Atmospheric Administration (NOAA).

Tackling the noise pollution problem  
from the other end, Castellote and others are 
attempting to discover what the whales really
hear. They are conducting hearing tests on 
belugas living in the quieter area of Bristol Bay,
in south-west Alaska, by measuring their brain

responses to different tones and frequencies. 
The first results show that they can pick up 
frequencies between 4 and 150 kilohertz,  
and sounds as quiet as 30 decibels. “We  
are finding that these guys have very good  
hearing and that they are more sensitive than 
we previously thought,” says Aran Mooney  
at Woods Hole Oceanographic Institution in 
Massachusetts. He was particularly surprised
at how little age-related hearing loss he saw. 

The team hopes to carry out comparative
studies in noisier environments such as
Cook Inlet. “We know anthropogenic noise
has been increasing in the inlet,” says Rod
Hobbs, beluga project leader for NOAA.
“But we haven’t been able to determine 

how much of a problem it is for the whales.”
This kind of knowledge will be invaluable to 

anyone trying to build a case to regulate noise 
pollution in the oceans. So too will further 
investigations into the impact of sound on the 
survival of baby belugas in the St Lawrence 
estuary. To obtain this, Michaud and Vergara 
plan to follow beluga groups this summer as 
they travel from noisy environments with 
high boat traffic to quieter waters. The pair 
intend to use drones to keep track of how 
mothers and calves separate and reunite.  
At the same time, underwater hydrophones 
will record contact calls and help reveal how 
different noise levels affect communication. 
“It is a deeply needed source of information to 
monitor and devise solutions to the increase 
of noise in beluga habitat,” says Michaud.

Both he and Vergara hope this research  
will help conservationists find new ways to 
nurture belugas. And that’s exactly what the 
fragile belugas need as they face increasing 
human incursions into their environment.
Just recently, Michaud won a battle against
a proposal to construct an oil terminal in 
Cacouna, Quebec, near a sensitive beluga area. 
Similar projects that would bring more boat 
traffic and noise have since been proposed, 
and Michaud is getting ready for a new fight. 

“The general environment of beluga whales 
is changing rapidly,” says Michaud. However, 
problems such as climate change cannot be 
easily reversed, whereas noise pollution may 
be. “One reason it is one of my favourite 
hypotheses is because we are closer to an 
answer,” says Michaud. What’s more, reducing 
noise would help the whales cope with the 
larger changes in the ecosystem. “We are 
panicked, but we are not helpless,” he says.  ■

Isabelle Groc is based in Vancouver, Canada. Listen 
to beluga whale calls at bit.ly/NSbeluga 
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It’s noisy down there
Cetaceans make quite a racket but with so much human-generated noise they can have 
trouble hearing one another
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Isn’t it ironic? The sound of whale-watching
boats may be contributing to the death of  
baby belugas in Canada (see main story). But 
noise probably isn’t the only reason behind 
the decline of the St Lawrence estuary 
population. “We are looking for one factor,  
but maybe there is more than one,” says 
Stephane Lair at the University of Montreal. 

This much we know: the dwindling numbers 
coincide with significant environmental 
changes connected with global warming. 
Rising water temperature, reduced ice cover 
and declines in fish populations may be 
creating an environment that is less favourable 
for an Arctic species like the beluga. If females 
can’t find enough food, they may not be able  
to support a calf.  Without ice to protect them 
from wind, waves and storms in winter, they 
may spend more energy looking for shelter 
and become too weak to give birth, resulting 
in females dying in labour.

That’s not all. Since the 1990s, many 

ecosystems, including the St Lawrence 
estuary, have seen an exponential rise in 
levels of polybrominated diphenyl ethers 
(PBDEs), which are used as flame retardants 
in products ranging from building materials 
and textiles to electronics. These and other 
persistent organic pollutants have been found 
to disrupt the endocrine system of mammals, 
implicating them in problems associated with 
reproduction, development, immunity and 
behaviour. So it is possible that their build-up 
in the bodies of belugas is compromising their 
ability to reproduce.

To get a handle on all the possible reasons, 
a team of researchers has created a new 
statistical model. “No one has yet attempted 
to integrate contaminants, noise and food 
limitation in the same model before,” says Rob 
Williams, a Pew Fellow in marine conservation, 
who is leading the effort. “What I am focusing 
on is what are the problems we can do 
something about.”

THE PERFECT STORM FOR BELUGAS



The truth of conflict  
is written in buildings

Eyal Weizman is pioneering the art and 
science of “forensic architecture”, to reveal the 
true extent of state-sponsored bloodshed
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professor of spatial 
and visual cultures at 

Goldsmiths, University 
of London. He founded 

and directs Forensic 
Architecture, a research 

agency that presents 
the spatial analysis of 

conflict in legal and 
political forums
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What is forensic architecture?
I look at conflict from a spatial perspective.
My colleagues and I analyse the ruins of
buildings or terrain to reconstruct what has
taken place. We are like pathologists. Forensic
Architecture is also the name of a research
agency that I established in 2010. We
investigate urban conflict and state-
perpetrated violence. Increasingly, we also
respond to commissions from international
prosecutors, human rights groups and others.

Why is there a need for this?
It has become important because most wars
are now taking place in cities, most civilians
die in buildings and therefore buildings
become evidence. This evidence can be needed
for legal purposes or for advocacy reasons, or
it might just be important simply to uncover
the history of particular incidents.

Give me an example of one of your projects.
We’ve helped to document the widespread
killings of indigenous Ixil Mayans during the
Guatemalan civil war that lasted from the
1960s to the 1990s. State security forces tried
to root out rural guerrillas by burning Mayan
villages and killing the civilians of the Ixil
communities indiscriminately.

When the UN-backed Commission for
Historical Clarification investigated, there
was little spatial analysis done and there
were great variations in the estimation of
casualties because many of the people killed
were not registered citizens. Their villages
were razed and then the cloud forest grew
over the ruins.

How did you approach the project?
We used satellite images to find areas of
deforestation or patches of younger forest that
indicated where the villages had been. From
above, younger and older forest look the same
to the naked eye, but areas with younger trees
photosynthesise less. This means that using
specific sensors, you can start seeing forms in
the forest where the villages were. Then you
go to the ground itself and start probing.
The stone foundations are overgrown, but you
can still find them because they give different
texture to the ground. You can read the terrain
almost like reading Braille.

And what was the outcome?
We helped to quantify the number of
destroyed homesteads and helped map out
the extent of the genocide. Our research was
prepared for the prosecution in a series of
trials, including those of the former dictator

José Efraín Ríos Montt and his predecessor.
The commission concluded that between
70 and 90 per cent of Ixil communities
were destroyed.

Do you also look at ongoing conflicts?
Yes, we’re starting a project with a group of
Syrian refugees in Turkey. They were detained
and tortured in President Bashar al-Assad’s
prison buildings. Amnesty International
wants to investigate, but human rights groups
are not allowed to visit or get messages in and
out: these places are information black holes.

Building virtual models with willing
witnesses and undertaking virtual walk-
throughs of these prisons helps to reconstruct
violent incidents and the conditions of
incarceration. We start by asking witnesses to
sketch the spaces they saw. They were all held
in different parts of the buildings, so each one
may sketch a different aspect, allowing us to
slowly build a computer model. They say how
high the walls were here, where the corridors
were, how many doors they had to pass.
People were blindfolded at times so some of
their memories are of sounds – of footsteps
or doors opening and closing. The idea is to 
slowly recreate the architecture of the prison 
through a collective memory.

We are also tuned to the errors in the
reconstruction – to a scared captive, a prison 
corridor may seem much longer than it 
actually is, for example. 

In what other ways do you use reconstructions?
There was a German woman in Pakistan who
experienced a US drone strike that killed four
people, including her brother-in-law. When
she returned to Germany, she wanted to give
evidence about what she had seen but, as with
many victims of atrocities, she was finding it
hard to remember the event. She remembered
everything before and a lot after, but the
moments of the strike itself were blocked
somehow. We offered to help by building a
virtual architectural model of her home,
which included its objects, furniture and so
on. We have expert computer model-makers
in our team, and so as the woman described
the house, they built the model of it on a large
screen in front of her, under her direction.

Couldn’t this method create false memories? 
We act with a lot of caution and we never put 
words in people’s mouths. We let the witness 
very slowly and patiently build her own house. 
And though we try to be accurate, we never 
render a space too realistically because we don’t 
want to interfere with someone’s memory. 

So did the model of the house help?
Yes. The woman had a baby – 5 months old at
the time – who luckily survived the attack. 
Walking her through the virtual model helped 
her recall that at the time of the strike her 
child’s baby walker was out in the courtyard. 
This was crucial, because the drone operator 
should have seen that as evidence of children 
being present. This was a key piece of evidence  
presented by UN Special Rapporteur Ben 
Emmerson as he gave his report to the UN 
General Assembly in October 2013 and it was 
taken as evidence that the American drone 
operator should not have made that strike. It 
was a critique of that strike and a much deeper 
critique of US drone warfare in general. Often 
we investigate very specific incidents, but the 
moral or political claims are much broader. 

Is your ultimate goal is to hold national
authorities to account?
If forensics is the science by which the state
looks at individuals – that is, alleged criminals – 
then we understand our work as counter-
forensics. Or citizen forensics, if you like. Our 
goal is to invert the forensic gaze, turning it 
back on the state, be it Syrian, Israeli, British, 
American… We have to be creative in how and
where we present our evidence, because legal
forums are rarely open to us – there is no court 
that you can take NATO or the CIA to.  ■

Interview by Clare Wilson
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A still from a video recreation of a
bombing attack by Israel on Rafah, Gaza, 
on 1 August 2014. Forensic Architecture 
used footage and images uploaded by
the people in the area – taken from many
perspectives – to piece together a 3D 
timeline of events. Watch the video at  
bit.ly/BlackFriday3D
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The Bare Bones: An unconventional

evolutionary history of the skeleton

by Matthew Bonnan, Indiana University
Press, $75
Show Me the Bone: Reconstructing

prehistoric monsters in nineteenth-

century Britain and America by
Gowan Dawson, University of Chicago
Press, $50

WATCH your neighbour walk
their dog down the street. The
postures of the two mammals
could hardly be more different,
yet just a glance shows that they
are eerily similar in construction.
Every limb element, for example,
finds its equivalent in the other.
The reason, of course, is that
human and dog descended from
a common ancestor, the skeletal
structure of which was preserved
in its essentials in both lineages,
while being repurposed in its
details to cope with very different
ways of life.

One way of understanding
such divergent transformations
is to view each organism as a
machine, adapted to a different
habitat and function. In The Bare
Bones, dinosaur palaeontologist
Matthew Bonnan uses this
analogy to explain how, when
and why today’s dizzying variety
of vertebrates came about.

His approach is simple but
effective. From fish to monkeys,
every kind of vertebrate needs
to breathe, eat and move in its
environment, so a lot can be
inferred about these basically
mechanical properties from the
bony structures preserved in
the fossil record. For each major 
vertebrate group, ancient and 
modern (and with no particular

emphasis on ours), Bonnan
examines the skeleton to see
how structure relates to function
using plain analogies: basic body
plan is likened to a car chassis,
jaws to scissors or nutcrackers,
eyes to camera lenses.

In accessible though often
dense prose, Bonnan conveys
a huge amount of frequently
fascinating detail that will make
his book a gold mine for students,
although the casual reader may
find some of it hard going. The
latter will probably prefer to
extract nuggets, made easier
to find by the numerous and
informative illustrations.
Whichever you are, if you are
interested in your skeleton as a
machine, this is the place to come.

Gowan Dawson’s Show Me
the Bone illustrates how our 
extensive knowledge of vertebrate
evolution, on which Bonnan so 
effortlessly draws, was far from 
easily acquired. The early study of
fossil bones was dominated by the
19th-century French comparative

anatomist Georges Cuvier. He was
famous for using his “principle of
correlation” to reconstruct whole
animals from fragments: the
wing telling him about the absent
thorax, the reconstructed thorax
about the abdomen, the abdomen
about the legs, and so on. It is a 
little disappointing, then, to learn
that there is no evidence Cuvier

ever declared: “Give me a bone,
and I will describe the animal.”

Dubious as hindsight tells us
it was, his notion of correlation
furnished Cuvier with a means
of bringing long-extinct forms
back to life. It also allowed him,
in those pre-evolutionary days,
to demonstrate that animals had
existed that were totally unlike
anything then alive – and thus
that the controversial notion of
extinction was indeed a reality.

Perhaps oddly, given his heyday 
coincided with the Napoleonic 
Wars, some of Cuvier’s most 
enthusiastic intellectual support 
came from England. For example, 
his ideas were adopted by the 
comparative anatomist Richard 
Owen, the founder of London’s 
Natural History Museum. Today, 
Owen is best known as a bitter
opponent of Charles Darwin, but
then he was a hugely important
public figure, so Dawson’s account
of the lives of Owen, Cuvier and
their contemporaries is both
welcome and absorbing.

You may on occasion find this
richly detailed tapestry of 19th-
century Franco-Anglo-American
natural history a little exhausting,
but persevere and you will be
amply rewarded by Dawson’s
meticulous evocation of a
colourful cast of characters and
their equally colourful times. ■

Ian Tattersall is curator emeritus
with the American Museum of
Natural History

Give us the bones
The skeletal past is full of fascination, finds Ian Tattersall

A common ancestor left human and 
dog divergent, yet deeply the same

“Our extensive knowledge 
of vertebrate evolution 
was far from easily 
acquired”
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For more books and arts coverage, visit newscientist.com/culturelab

Throwing Rocks At the Google Bus:

How growth became the enemy of

prosperity by Douglas Rushkoff,
Portfolio, $28

The Sharing Economy: The end of

employment and the rise of crowd-

based capitalism by Arun
Sundararajan, The MIT Press, $26.95

WHEN, and why, did it all go
wrong for the digital idealists?
Douglas Rushkoff’s Throwing
Rocks at the Google Bus pinpoints
one moment: the end of 2013 in
San Francisco. Protesters had been
rallying against the effects Silicon
Valley companies were having on
the life of the city, raising rents
and costs for those who lived
outside the gated communities
of the technorati. In Oakland,
some started throwing rocks at
Google’s employee-only buses.

This isn’t how the internet was
supposed to end up. Since the
early 1990s Rushkoff has been
an evangelist for this technology,
seeing in it a way of redistributing
power, voice and resources. But it
has become as readily associated
with oligarchs like Amazon’s
Jeff Bezos and Facebook’s Mark
Zuckerberg as it has with campaign
sites like Avaaz, networked
movements and political parties
like Spain’s Podemos or the Pirate
Party in Iceland.

After the last financial crash,
and before the next, can those
who want their enterprises to
serve society, rather than capital
markets, see their way to a new
model? Rushkoff – and Arun
Sundararajan with his more
focused essay The Sharing
Economy – have plans to
redeem networked society.

Rushkoff’s fascinating move is
to locate the original wrong turn,
not in market deregulation, or the

accelerations of financial
software, but in the 13th century.

He identifies a golden moment,
after the Crusades, when returning
soldiers brought the bazaar back
to Europe. This was “a peer-to-
peer economy, something along
the lines of eBay or Etsy”, quips
Rushkoff, where “attention to
human relationships promoted
better business”.

The merchant class that arose
from these trades threatened the

aristocracy, whose response was to
tax and break up the bazaars, and
bestow monopolistic rights on
land and trade routes to favoured
merchants. Thus began the long
march to the incorporated
company – from workers “selling
their wares to selling their hours”.

The idiosyncratic currencies
enabling these face-to-face
markets were replaced by national
currencies whose core function,
Rushkoff notes – with an eye on
current turmoils – “was to make
wealthy people more wealthy”.

Rushkoff believes that we are
reacquiring an appetite for more
human-scale economies, ones
that keep cash circulating among
users rather than salting it away
into corporate reserves. A “digital
distributism” is his proposal.

Bitcoin and its successors show
viable currencies can be launched
without state bodies, supported
by the technical commitment of
their users. Crowdfunding sites
like Kickstarter and Indiegogo,
and platforms that help people
utilise their physical assets like
Airbnb and Lyft, both establish
direct, personal relations between
services and their users.

Before we get too carried away,
however, we should also consider

the ride service Uber (and both
authors do, at some length).
Combining our underused cars,
our love of apps and the need for
that extra “gig” in the age of
austerity, Uber is indeed a techno-
bazaar, making value out of self-
employed, stuff-cluttered lives.

But Uber’s explicit plan is to
automate all those cabbies out
of business, as self-driving cars
become the norm. A strange
“human-scale” economy, this,
that so airily imagines millions of
humans as replaceable wetware.

Should we really brand this
“the sharing economy”, as
Sundararajan’s title suggests? The 
term lends a rosy glow to a range 
of business models, some of 
which can be pretty hard-edged.  ■

Pat Kane is the author of The Play 
Ethic, and curates Nesta’s FutureFest

Capital offences
When did money start spending people, asks Pat Kane

See no evil: protesters bring
Google’s private buses to a halt

“The 13th-century bazaar
was ‘a peer-to-peer 
economy, something along
the lines of eBay or Etsy’”
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The Last Man on the Moon, directed by
Mark Craig, is on release in UK cinemas

THERE’S an old movie saying:
never work with children or
animals. It seems astronauts
should be added to that list. It’s
their egos, you see – they always
get in the way. And despite Eugene
Cernan’s half-hearted denials,
there are family members, friends
and colleagues lining up to attest
to the overwhelming “strength”
of his character.

Not that Cernan isn’t a likeable
chap – he most certainly is – but
he was a man who knew what he
wanted and what he’d have to do
to get there. Which sometimes
meant leaving those who cared
about him trailing in his wake.

“If you think going to the moon
is hard, you should try stayin’
home,” says his ex-wife Barbara
Cernan Butler. In the end she told
him: “It’s your life, it’s what you
want. But I don’t want it.” And
Cernan became one of the 60 per
cent of Apollo astronauts who got
a divorce. “We were unfair,” he
admits, “selfish.” But they got
to where they wanted to go.

And his story, The Last Man
on the Moon, goes some way to
explaining how the life of an
astronaut in the midst of the
space race between the US and
the Soviet Union was always
going to be incompatible with
being a regular family guy.

For a start, there was the
danger: once, spacewalking on
the Gemini 9 mission, Cernan
was stuck outside his capsule.
“I was helpless,” he says, and
his vital signs were “driving the 
doctors bananas”. There was the

exhilaration: Cernan travelled
faster than any other human when
his Apollo 10 capsule reached
24,791 miles per hour in 1969. And
then there was inevitable tragedy.
It’s impossible not to be moved
by Betty Grissom – wife of Virgil
Grissom and friend and neighbour
of the Cernans – as she describes
the moment she heard her
husband had died in the fire that
claimed the astronauts of Apollo 1.

Strangely, director Mark Craig
has chosen to use some faked
shots of Gemini, Apollo and
their launch vehicles in space. 
Considering the subject is well 
documented and photogenic, it 
seems an odd decision, unless 
audiences genuinely prefer 
mockumentary to a true story. 
The real stuff will always be much
stronger than Hollywood-style 
mock-ups. In fact, the vintage 
stills in the film sometimes 

outshine the moving images.
But this misplaced fakery

doesn’t detract from what really
happened in space. Cernan may
have rehearsed his lines down the
years, but they still deliver. “My
failures taught us how to do it
right,” he says of his Gemini 9
exertions. And he concludes that
“it wasn’t just America going to
the moon, it was the world”. For

him to appreciate this point
and outgrow the 1960s cold
war ideology, which dictated so
many of his choices, is no small 
achievement in itself. 

Yet that competitive edge still 
shines through. A sequence where
he’s shooting the breeze with his 

old friend Fred “Baldy” Baldwin,
a former fellow navy pilot, verges 
on the schoolyard, their banter 
almost childish as they fight to 
point out who was the better at 
everything. At the same time, 
Cernan shows he can be as 
vulnerable as the next guy. When 
he reads aloud the letter he wrote 
to his daughter before his flight to 
the moon, the emotion is still raw.

You could pass him on the 
street and never notice him. 
Which is why his story – one of 
obvious achievement, but more 
than anything, one of derring-do –
needs to be told, before there
are no Apollo astronauts left to
recount their experiences. Only
12 men walked on the moon
and Cernan was the last to leave. 
One day he’ll be superseded, but 
nobody knows when that will be. 
And so for now he remains “the 
last man…”  ■

CULTURE

The twelfth man
Eugene Cernan’s drive to get to the moon left heartache in his wake, finds Mick O’Hare

Eugene Cernan: the 12th and, for 
now, last man to walk on the moon

“His story needs to be told, 
before there are no Apollo 
astronauts left to recount 
their experiences”
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EDITOR’S PICK This idea makes 
our brane spin

From Peter Inkpen
Stuart Clark describes how a
superfluid Bose-Einstein state
of dark matter particles might 
explain the streams of dwarf 
satellite galaxies in polar orbit
around the Milky Way and
Andromeda galaxies (2 April,
p 30). There could be another 
explanation that avoids invoking
dark matter or even modified 
Newtonian gravity.

M-theory postulates multiple 
parallel universes (“branes”) 
existing alongside ours in some 
higher dimensional space (the 
“bulk”). Gravity is the only force 
able to propagate between branes.
So any matter within a given 
brane will experience mutual 
gravitational interaction with its 
counterparts in other branes.

Over cosmological timescales, 
matter will gravitationally 
collapse around common centres
of mass (barycentres) that are 
shared across branes. At galactic 
scales, matter within branes will 
have a range of distributions of 
orbits and velocities about a given
barycentre. The gravitational 
influence of this mass will appear
similar to extended “dark matter
haloes” around galaxies.

If gravity propagates weakly 
between branes, these bulk-
spanning matter concentrations 
could extend further than
expected, which may account
for the interactions between the 
Andromeda and the Milky Way 
galaxies billions of years ago that
gave rise to the dwarf satellites.
Amersham, Buckinghamshire, UK

Neanderthal Y 
genes no mystery

From Lance Kennedy
I was amused by the subtle
genetic mechanisms invoked to 
explain the lack of genes from 
Neanderthals’ Y chromosomes 

in the human genome, in spite
of commonly seeing other
Neanderthal genes (16 April, p 15).

There’s another possible 
explanation. History and 
anthropology both show 
examples of one tribe of humans
treating another as the “enemy”, 
killing the males and enslaving 
the females. The enslaved females
become pregnant and the 
offspring are adopted into the 
tribe. If this was done to 
Neanderthals, it would explain 
why many of their genes entered 
the human genome, but none 
from the Y chromosome.
Tutukaka, New Zealand

Evolution: learning
or merely entropy?

From David Stevenson
Thank you for a thought-
provoking piece on the idea  
that organisms learn from their 
environments, and this can
prepare them for future change
(26 March, p 34). I couldn’t help 
but be reminded of previous work
on the microevolution of cancer 
cells and recent work by Jeremy 
England on the physics of self-
replication in RNA molecules. In 
both cases it is entropy that drives
the processes.

In Jeremy England’s work, the 
formation of RNA molecules that
can replicate vastly increases the 
entropy of the system as a whole.
The molecules that replicate the 
fastest also increase the entropy of
the system by the greatest amount.

Other work on cancer cells 
paints a similar picture: an 
increase in entropy drives the 
evolution of the cancer. Those 
cancer cells that dissipate energy
most effectively thrive and 
reproduce and their gene 
networks become increasingly 
disregulated, allowing the cancer
to adapt to its surroundings.

Ultimately, such “learning” 
may actually just be a measure of
entropy. Those networks that 
increase entropy by the greatest 

extent are those that prosper in 
the system that is being tested.
Nottingham, UK

Migration, vigour 
and concrete fears

From Ben Haller
Debora MacKenzie’s piece on 
migration is important and 
timely, given Donald Trump’s 
electoral strategy of appealing to
xenophobia and nationalism
(9 April, p 29). I was very happy 
that she challenged many long-
standing assumptions and 
prejudices that people have about 
migration; it is rare to see such a 
full-throated, data-driven 
argument for open borders in the 
media. Kudos also to Clare Wilson 
for her article on ending the war 
on drugs in the same issue (p 16), 
for the same reasons.
Ithaca, New York, US

From Marc Bush
I couldn’t help but ponder an 
analogy between MacKenzie’s 
article on how migrants can 
enhance the economy and the
commentary on how non-native
species might – in the long run – 
strengthen local ecosystems,
despite some displacement of the
locals (5 September 2015, p 26). Of 
course, the economy is a form of 
ecosystem in itself.

Is it just a question of semantics 
to differentiate between the 
“xenophobic” view of invasive 
species causing extinctions, and 
the “liberal” view of non-native 
species increasing diversity and 
thereby improving the resilience 
of the ecosystem overall? Is it 
simply sentimental to want to
keep things as they are instead
of embracing diversity?
Morgan Hill, California, US

From Chris James
MacKenzie makes a good case for 
the economic and other benefits 
brought by immigrants. But the 
one thing that immigrants cannot 
bring is more land. Residents of 

Random analysis 
to unmask errors

From Alex Wilks

Sonia van Gilder Cooke mentions 
calls for journals to replace unpaid 
peer reviewers with paid research 
analysts, to correct the incentives 
that scientists have to publish 
potentially bad science (16 April, 
p 38). It is unlikely journal editors 
will find money for that soon.

But it might be possible to  
fund paid research inspectors to 
analyse 1 in 50 published articles 
selected at random. This is done 
on many production lines and in 
other areas of public interest.
Bristol, UK

From Ralph Leonard

One of my thesis advisers was the 
chemist Leo Brewer, who told me 
of what I call the Brewer Effect. 
Say a scientist finds a topic that 
has never been studied, so does 
so, but does something wrong. 
The incorrect result is published 
because there is no literature to 
flag up the error.

A second scientist sets out to 
replicate the result – since it is in 
the literature only once, a 
confirmatory study would get 
published. But of course they 
don’t “confirm” the first result, so 
they assume they did something 
wrong and don’t submit it for 
publication. Then a third scientist 
repeats the experiment, with the 
same error as the first, and this 
gets published. Now the wrong 
result is in the literature twice 
and all think it is correct.
Winston-Salem, North Carolina, US



7 May 2016 | NewScientist | 53

Letters should be sent to:
Letters to the Editor, New Scientist,  
110 High Holborn, London WC1V 6EU  
Email: letters@newscientist.com 

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

“Some people think in images, others in 
concepts but neither can be deemed smarter”

TOM GAULD

the countries that are attractive to
immigrants, however willing they
may be to help, might not relish 
the thought of land disappearing
under concrete to provide 
housing and infrastructure.
Winchester, Hampshire, UK

The calculus of a 
sweet tooth

From Neil Doherty
Hugh Robertson mentions sugar
taxes being more effective than
“nudges” (Letters, 2 April). The 
problem with the sugar tax, as 
with any tax, is that people tend 
not to think about why a desired 
object has a certain price, but, 
simply, whether they want the 
object enough to pay the price.
Barnsley, South Yorkshire, UK

Breakfast to keep 
body clocks on time

From Brian Horton
Keeping your body clocks 
synchronised appears to have 

many health benefits (16 April,
p 30). An advantage of eating
breakfast may be that it keeps
the body clocks synchronised, 
compared with those who get 
hungry and start eating at 
random times in the morning, 
even though the breakfast eaters
consume more calories during
the day (26 March, p 39).
West Launceston, Tasmania, 
Australia

Flyaway probe, 
phone home!

From Nick Ewans
Breakthrough Starshot aims to 
send thousands of “wafersats”, 
each with a mass of just a few 
grams, to Alpha Centauri, more
than 41 trillion kilometres away
(16 April, p 9). How will they beam
pictures and data back to us?
London, UK

From Raymond Wright
A British Interplanetary Society 
team has been pondering this 
problem for a decade. It produced
the Daedalus probe design that 

calls for a 1 megawatt transmitter
with a parabolic antenna several 
metres across. Even with this 
power, the group calculated that 
the receiver would have to be 
placed far enough out in space  
for the sun’s gravity to focus the
signal to give an acceptable signal-
to-noise ratio at the receiver.
Devizes, Wiltshire , UK

How many senses 
do we have?

From Sam Edge
Reporting experiments giving 
rats an extra infrared sense, Andy
Coghlan lists the five traditional
natural senses (19 March, p 22). 
But we already have very many 
more than five.

We sense heat, cold, angular 
velocity, linear acceleration, 
internal pain (such as headache), 
relative position of limbs 
(proprioception), digestive
system state (nausea), hunger
and thirst and more, all without 
having to touch anything external
or using the other four senses.
Ringwood, Hampshire, UK

Apples + oranges = 
confusing picture

From Tim Jackson
The “floating point operation”  
or “flop” is an incredibly bad unit 
to use to compare the power 
efficiency of the human brain
with computing technology.
To do so is like comparing the 
swimming performance of a
shark and that of a dandelion
(2 April, p 36).

How long does it take the 
human brain to perform one 
64-bit floating point operation? 
With my own level of mental 
arithmetic it would run from 
“hours” to “forever”. It would take 
a little less time if fitted with a 
paper and pencil co-processor.
Haslingden, Lancashire, UK

The editor writes:
■  While the comparison between 
brains and computers is 
somewhat apples-to-oranges, 
many researchers have estimated 
the brain’s equivalent output to 
be in the petaflops (100 trillion 
flops per second). For every 64-bit 
floating point operation that we 
consciously work through, our 
brain is doing a great many more.

Anti-gravitational 
wave hunt

From Ian Bell
Physicists have discovered 
antimatter corresponding to 
particles of matter. Now that they
have found gravitational waves
(20 February, p 8), will they start 
looking for levitational waves?
Fitzroy, Victoria, Australia

Rohini Subash responds to a suggested connection between 

absence of a mind’s eye and scientific achievement (23 April, p 34)
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NORMALLY it falls to Feedback to
shine a light on questionable
marketing claims, however Tony
Badsey-Ellis offers a promotional
boast that may prove immune to this
approach. “My wife purchased a
product from the Clarins Instant Light
make-up range, and was amused to
read that ‘the 3D Radiance pigment
optically ‘splits’ light into 3 dimensions
to enhance facial beauty’.”

Rarely does a single line inspire so
many questions. Which dimensions is
light sent into? Why does Clarins feel it
necessary to dress the word split with
quotation marks? And how exactly
will this process enhance facial
beauty? Feedback prefers more
traditional lighting tricks to enhance
our looks – bulbs dimmed, or switched
off completely.

AS DEDICATED connoisseurs
of water, Feedback previously
delighted in the existence of
Vienna Standard Mean Ocean
Water, a proxy for all water on
Earth that can be quaffed for
just £1750 a glass (12 March).

For those with more exotic
tastes, Steve Worthington points
us to SLAP – an isotopically

balanced sample of “standard
light Antarctic precipitation” – 
which carries a similar price tag. 
Serve chilled, we presume.  

WE ARE also delighted to discover the 
existence of the bearcat - neither bear 
nor cat, but a civet native to South-East 
Asia. These fig-eating mammals have 
the unusual distinction of smelling 
delicious, thanks to a chemical in their 
urine that evokes hot buttered 
popcorn. Which prompts Feedback to 
ask: what other incongruous scents in 
nature have readers come across? 

JOHN TISSANDIER relates some 
unusual units for an unusual 
man. Hafthór Björnsson, the 
Icelandic strongman who plays 
The Mountain in TV fantasy 
drama Game of Thrones, can 
reportedly deadlift a weight equal 
to that of an adult grizzly bear. 
“But it was his max squat of 385 kg 
that caught my attention,” writes 
John, “as apparently this is 
equivalent to ‘nine toilets’.”

FRED FLINTSTONE probably would
have approved: Bentley Motors have
announced that customers can now

order a “stone veneer” for their luxury 
cars. “Leaving aside that the product 
is mostly resin and fibreglass”, writes 
Guy Cox, “Bentley Motors states that 
the slate and quartzite stone is 
‘sustainably sourced’ from hand-
selected quarries in Rajasthan and 
Andhra Pradesh, India.”

Can the motor company really  
prove that the minerals in question 
are being laid down at the same rate 
they are mining them, he wonders. 

IT IS possible that readers may 
recognise Virgin Trains’ ambition 
that all forms of transport should 
be commercially exploited: while 
booking a ticket online, Feedback 
is informed that we will transfer 
between adjacent stations in 
sunny Wigan via “FOOT 
(Unknown Service Provider)”.

FURTHER evidence of prescience 
in literature (16 April): Peter 
Slessenger takes a copy of Marcel 
Proust’s In the Shadow of Young 
Girls in Flower from the shelf to draw 
our attention to the metaphor of “a 
bee so bemused by tobacco-smoke 
as to have lost its intent to garner 
away the supplies its efforts have 
gathered, and all hope of ever 
reaching the hive”. Surely a 
forewarning of the danger of 
neonicotinoid pesticides, he thinks. 

FEEDBACK was passing the Royal 
London Hospital a couple of 
weeks ago, while junior doctors 
were striking against the 
imposition of a new contract by 
UK Health Secretary Jeremy Hunt. 

One was outside with a 
megaphone, informing 
passers-by that “Hunt wants to 
privatise the Health Service.”  
He then added a footnote: “Hunt 
et al, 2005.” Nice to hear things 
done properly.

FIELDS of history: during a recent
football match between England and
Bosnia, Mal Walker was pleased to see
Casey Stoney replaced by Lucy Bronze
in the second half.

“I waited till the end,” Mal writes,
“hoping to see an Iron brought on to
finish the game.”

SPONSORED content is a fact of 
the modern age, yet Feedback 
can’t help but be puzzled by the 
decisions that lead The Guardian 
newspaper to publish its 
fascinating interview with 
forensic anthropologist Sue Black 
in their careers section through 
such an arrangement. “The first 
time you cut human skin is 
monumental” reads the arresting 
headline, alongside the logo of the 
article’s sponsor: Gillette razors. 

A UK hotel has unveiled what it claims 
is the world’s first anti-ageing gin, 
aptly named Anti-AGin. The alcohol is 
said to be proof against the ravages of 
time, owing to a selection of 
botanicals and drinkable collagen. 

“It’s the best thing for people who 
want to stay young, but don’t want  
to give up alcohol,” beams the 
description. For maximum efficacy, 
Feedback recommends filling a barrel 
and sealing yourself inside. 

A RECENT translation on Facebook 
turned a serious article from Der 
Spiegel about the Syrian conflict 
into farce, says Liz Tucker. The 
German name for one of the 
states involved is die Türkei, but 
this appeared online as “NATO 
sends warning to the turkey”.

A bemused Liz wonders if it was
about the approach of Christmas.

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.

Mark Stoates raises a glass to the general 
manager of Bricktown Brewery in Oklahoma 
City, who is none other than George Stout

PA
U

L 
M

CD
E

V
IT

T



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

A bed of rocks
Railway sleepers often sit on a bed of
small stones that act as ballast. This 
ballast material stretches well beyond
the width of the sleepers and to quite
a depth. But why does it have to be 
stones? Could anything else be used 
either physically or economically?

■  Ballast provides a firm surface
for the railway track and spreads 
the load on the subsoil. To do this
it also needs to drain well. 

Ballast that is of sufficient 
depth will distribute the load.  
And to restrict lateral movement 
of the rails, ballast extends 
outwards in shoulders on either 
side of the track. 

The techniques of ballasting 
have developed over hundreds of
years, starting with road building
before it was used in railways.  
It is difficult to imagine a material
that would do the job as well or as
economically as stone ballast.  
A suitably hard stone will stand

up to a lot of wear and tear.
The random nature of the broken
stone means that it tends to lock 
into a formation in a way that,  
say, spherical granules would  
not. And, of course, the spaces 
between the stones allow for  
free drainage.

Ballast is not without its 
problems, however. The stone has
to be a suitable grade and it has to

be laid with care and accuracy. 
Even so, it will degrade over time. 

It also settles and this must be 
tackled by adding more ballast 
and tamping (or packing) it into 
place. Drainage can be inhibited 
by dirt, including soil, 
contaminants from passing  
trains and even stone dust worn 
from the ballast itself. 

At one time the ballast would 
have had to be replaced with 
new material, but now there are 
special trains that can remove the 
ballast, clean it and tamp it back 
in place.

But ballast is not the only way 
of achieving a firm, level track. 
Track laid on concrete beds is 
increasingly common. With 
modern machinery this can be 
laid quickly and easily and is very
durable. It is more expensive than
ballasted track, but it has features
that may make it desirable in 
special cases. 

One common example is in a 
tunnel, where the track has to be
lowered to allow for overhead 
electrification. Because the 
concrete bed is shallower than 
ballast would be, it can be laid in
place without digging out the  
base of the tunnel. 
Glyn Williams
Derby, UK

A chill wind

Objects that enter Earth’s atmosphere
are subject to extreme heat through
air friction – so much so that returning
spacecraft have to be very well 
insulated, and rocks and small 

asteroids burn up. How fast would I 
have to go to feel heat from air 
friction? When I’m on my bike going 
downhill quickly, I can only feel it 
getting colder and colder.

■  I suspect that when cycling 
downhill, what you feel is the cold
from chilly air rushing past you, 
or cold air pooled in a valley:  
a temperature inversion. 

Where I lived as a boy, on quiet 
winter mornings, I regularly hit  
a layer of air so cold that it made 
me gasp. 

To feel the heat of air friction, 
cyclists would have to break a lot 
of records and a lot of bikes. Even

at about 900 kilometres per hour,
the skin of a cruising commercial
jetliner only becomes about 30 °C
warmer than the air in the upper
troposphere – still well below
freezing.

At supersonic speeds, aircraft
do get much hotter. Concorde
routinely got too hot to touch:
more than 120 °C near the front
and more than 80 °C towards
the back.

In fact, its maximum cruising
speed was limited not so much by
its power as by the temperatures
that its aluminium skin could
tolerate. Such temperatures
distorted its airframe, but not
as badly as the Mach 3 Lockheed
Blackbird, which reached well
over 300 °C, requiring special

engineering and construction 
materials to cope with the 
expansion the plane underwent 
as it heated up during flight. 

Because Blackbird lacked 
sealants that could withstand 
operational temperatures, the 
plane actually leaked fuel until it 
warmed up after take-off.  

Fortunately, as a cyclist, you will 
not feel frictional warming below 
speeds at which the slipstream 
would take your skin off.
Jon Richfield
Somerset West, South Africa

■  An object entering the 
atmosphere is not heated much 
by friction directly, but by the 
rapid compression of the air  
that it passes through. Friction – 
that is collisions – between the 
molecules in air generates heat, 
which passes to the object 
travelling through it. 

It is similar to your pump 
warming up as you inflate your 
bicycle tyres. The effect only 
becomes significant at supersonic 
speed, though, when the 
compressed air cannot get away.
Peter Mabey 
Harlow, Essex, UK

This week’s question

OCEAN’S LULL
What is it about the sea lapping 
gently against the shore we find so 
calming? Is there an evolutionary 
explanation behind this pleasing 
phenomenon? 
Christopher Lane
Singapore

The writers of answers that are published 
in the magazine will receive a cheque for 
£25 (or US$ equivalent). Answers should 
be concise. We reserve the right to edit 
items for clarity and style. Please include a 
daytime telephone number and an email 
address if you have one. New Scientist 
retains total editorial control over the 
published content.

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

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

Send questions and answers to  
The Last Word, New Scientist, 110 High 
Holborn, London WC1V 6EU, 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. 

“The techniques of 
ballasting have developed 
over hundreds of years, 
starting with road making”

“To feel heating from air 
friction, cyclists would 
have to break a lot of speed 
records and a lot of bikes”
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