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your cruise
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transfers (some voyages)   
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meals on the ship

❭ Excursions by Zodiac boat  

❭ Experienced guides

❭ On-board lectures
and talks
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ANTARCTIC EXPLORER

Jump aboard the Antarctic Explorer after
exploring the leafy boulevards of Buenos
Aires. This trip will lead you down the
Beagle Channel and then across the rough
seas of the legendary Drake Passage. When
you reach the Antarctic Peninsula you’ll
spot incredible wildlife from the water on a
Zodiac cruise or take a “polar plunge” in the
icy sea. On this unforgettable voyage, polar
experts and wildlife specialists will explain
the science behind the sights, sounds and
sensations you will experience.
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CROSS THE
ANTARCTIC CIRCLE

On this epic voyage you will cross the
Antarctic Circle via the Falklands and South
Georgia to discover the breath-taking geology
and wildlife inhabiting this icy land. Guided
by experts on board, you’ll spot humpback
whales and discover why geothermal waters
bubble along the shoreline. When you reach
the Antarctic Convergence, learn how the
meetings of oceans create an abundance of
marine life, before sailing into the midnight
sun as you pass through the Antarctic Circle.

Antarctica has been drawing adventurers and scientists for centuries.
Now there’s a chance to explore this wild, frozen continent on a trip curated
by New Scientist editors and guided by polar experts

Speak with our Antarctica specialists to book your place.
Call +44 (0)203 308 9751 or visit newscientist.com/travel/Antarctica
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LEADER

THE US presidential campaign has
been a horrifying spectacle, full of
jaw-dropping plot twists that
could have been plucked straight
out of reality television. Most
have been supplied by the reality
TV star himself: conspiracy
theories, bizarre late-night tweets,
hate speech, insults and threats,
degrading “locker-room talk” and
allegations of sexual assault. But
perhaps the killer twist is the FBI’s
announcement that it is sifting
through thousands more of
Hillary Clinton’s emails.

Not on that list: the actual
issues. It has become customary
to describe the quality of the
debate as dismal; non-existent
would be more accurate.
The candidates took every
opportunity to ignore the issues 
and attack their opponent’s 
shortcomings, real and imaginary. 
Powerful media outlets failed to 
pull the debate out of the gutter. 
Media Matters for Democracy, a 
left-leaning non-profit, found that 
over the entirety of 2016, three 
major TV news programmes spent 
a mere 32 minutes on the actual 
issues – mostly terrorism and 
foreign policy.

When they did deign to talk 
about substance, the candidates 
often displayed a wilful disregard 
for evidence. Donald Trump has 
been the main offender. His claim 

Yes, Mrs President
Neither candidate deserves to win, but one deserves to lose

(later denied) that climate change
is a Chinese conspiracy against
the US ought to have disqualified
him. But neither has Clinton been
a paragon of clarity. She has failed
to allay long-standing suspicions
that she will obfuscate and omit if
it suits her needs, and has not set
out a coherent platform.

So the US heads to the polls
largely ignorant of the candidates’
positions on important issues
such as the environment, energy,
healthcare and drugs policy.

Trump’s party shoulders much
of the blame. Many Republicans 
dislike him, but he is a monster of
their own creation, the inevitable
product of years of twisting the 
truth, pandering to know-nothing
extremists and jeering at expert 
elites. Trump’s climate allegation,
for example, is deranged claptrap,
but is almost mainstream opinion
within the party. His positions on
other scientific issues are no better.

If he loses, maybe the GOP will 
see the error of its ways. Losing 
three presidential elections on the
trot – and five out of the last seven
– ought to send a clear message. 
But the power of the human mind

to delude itself will probably
triumph. Trump’s repeated
insinuations that the election is
rigged are setting the scene for
more of the same, or worse.

When the ashes settle – if they
ever do – there are important
questions to be asked. One of the
biggest is: to what extent is the
polarisation and departure from
reality driven by social media that
herd people into echo chambers
where they only hear news, views
and “facts” that match their own?

At this point, the best the US
can hope for is a peaceful election
day. After that, it will need to find
a way to heal the gaping wounds
in its public life (see page 18).

Most readers of New Scientist  
do not have a vote. But like all  
US general elections, it will affect 
us all. If you do have a vote, we 
encourage you use it to stop the 
worst of the two candidates.

There’s another important 
rejoinder from this side of the 
pond. Don’t believe the polls. Recall 
that in the last two major elections 
in the UK the pollsters got it badly 
wrong, despite assertions that 
their methodologies were sound. 

As New Scientist went to press, 
Trump looked to be heading to 
defeat. The only way to assure that 
lesser-of-two-evils outcome is to 
go out and vote for Clinton, even if 
you have to hold your nose.  ■
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“When they did talk about 
substance, the candidates 
often displayed a wilful 
disregard for evidence”
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AN INJECTED male contraceptive
has been found to be almost
96 per cent effective in a trial
involving 320 men – but the
study was cut short after many
experienced side effects.

The injection is designed to
reduce sperm production using
the hormone progestogen. But 
over the year-long trial, muscle 
pain, acne, increased libido,  
and depression and other mood
disorders were all reported as side
effects, causing 20 men to drop
out. There was also one case of 
intentional paracetamol overdose
and another of an irregular heart
rate, both of which may have been
related to the injection.

An external panel of reviewers 
decided that the risks to the study
participants outweighed the 
potential benefits, and the trial 
was discontinued. But more than 
75 per cent of the volunteers said 

THE world’s smallest porpoise
may have a fighting chance.
The vaquita might be saved from
extinction by an agreement at
a meeting of the International
Whaling Commission (IWC) in
Portoroz, Slovenia, last week.

Unique to the Gulf of California,
the vaquita has seen its numbers
collapse to 59 in 2015. They are
often accidentally drowned in gill
nets used to illegally catch totoaba
fish, whose swim bladders are
prized in Chinese medicine.

Fresh measures will oblige the
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Male contraception Whale of a deal

UPFRONT

“The injections reduced 
the rate of pregnancy, 
but the contraceptive 
needs to be safer”

–Blame it on the jet stream–

–A pirate’s life for me–

they were satisfied with the
injection and would continue to
use it if it were available (The
Journal of Clinical Endocrinology
& Metabolism, doi.org/bsdq).

“Although the injections
were effective, the combination
of hormones needs to be studied
more to consider a good balance
between efficacy and safety,”
says Mario Festin at the World
Health Organization.

The combined oral
contraceptive pill for women is
over 99 per cent effective, but has
been associated with blood clots,
breast cancer and depression.

Mexican government to enforce
gill-net bans in the vaquita’s range.
Efforts will also be strengthened
to eliminate trade in totoaba swim
bladders and increase funding for
vaquita-monitoring programmes.

“It’s not too late for the vaquita,
but it’s going to be close,” says
Matt Collis from the International
Fund for Animal Welfare.

The IWC also agreed to subject
Japan’s controversial “scientific
whaling”to independent oversight
and acknowledged that rather
than depleting fisheries, whales
boost them through the recycling
of nutrients in their dung.

FREEZING winters in the UK and
US may be caused indirectly by
climate change, a study suggests.

Warming in the Arctic could be
influencing the jet stream, a high-
altitude corridor of fast-moving
air, leading to severe cold snaps.
It may have been behind record 
snowfall in New York in 2014/15, 
and unusually cold winters in the
UK in 2009/10 and 2010/11 (Nature
Climate Change, doi.org/bsjg). 

When the jet stream follows a 

Colder winters link
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Pirates gain in Iceland
ICELAND’S Pirate Party tripled its 
seats in parliament in elections held 
last Saturday. The party, which is led 
by Birgitta Jónsdóttir and is known 
for its anti-establishment views and 
focus on technology issues, now has 
10 seats out of 63. It shares second 
place with Iceland’s Left-Green 
Movement. 

While not as large as some polls 
suggested, it’s a big win for the 
Pirates. The first Pirate Party was 
established in Sweden in 2006 with 
the main intention of reforming 
copyright law, but political groups 
acting under the Pirate banner now 
have a presence in many countries. 
Iceland’s Pirate Party advocates for 
direct democracy, personal privacy 
and government transparency. It has 
also proposed making bitcoin legal 

tender and offering citizenship to 
whistle-blower Edward Snowden. 

“We’re still that group of nerdy 
tech enthusiasts,” says Björn Leví 
Gunnarsson, a Pirate Party candidate 
who won his seat in the weekend’s 
elections. “But we’re unique in the 
political landscape with the issues 
we are discussing.”

As New Scientist went to press, 
complex negotiations were under 
way to determine the Pirates’ role in 
Iceland’s government. The governing 
Independence Party dominates with 
21 seats in parliament but will need 
to join forces with at least two  
parties to form a majority.

Meanwhile, the opposition 
Left-Green Movement has touted 
a five-party coalition that would 
include the Pirate Party.
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TUBERCULOSIS that is resistant to
standard antibiotics could finally
be running scared. A new regime
of seven antibiotics can vanquish
multidrug-resistant tuberculosis
(MDR-TB) within just nine
months, less than half the
time of existing treatments.

In all, 821 of the 1006 people
with MDR-TB who took the new
course of drugs across nine
African countries were cured.
“That’s 82 per cent, which is
excellent,” says Valérie Schwoebel
of the International Union Against
Tuberculosis and Lung Disease,

which unveiled the full results
at a conference on lung health in
Liverpool, UK, on 29 October.

Standard treatment only cures
55 per cent of people and takes
more than 20 months. Many die

because they stop the drugs early.
The new regime is also cheaper:

Schwoebel estimates that it costs
less than $1000 per person,
compared with at least $3000
for the current treatment.

TB on the run
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For new stories every day, visit newscientist.com/news

Road to extinctions
GLOBAL wildlife populations
are set to fall by more than two-
thirds since 1970 by the end of the
decade, warns the Living Planet
report by WWF and the Zoological
Society of London (ZSL).

The assessment of more than
14,000 populations of 3706
species of mammals, birds, fish,
amphibians and reptiles from
around the world reveals a 58 per
cent fall between 1970 and 2012 –
with no sign that the average
yearly 2 per cent drop in numbers
will slow.

The figures have prompted
experts to warn that nature is
facing a global “mass extinction”
for the first time since the demise
of the dinosaurs.

Species are being affected
by unsustainable agriculture,
fishing, mining and other human
activities that threaten habitats,
as well as climate change and
pollution. “Human behaviour
continues to drive the decline
of wildlife populations globally,
with particular impact on
freshwater habitats,” said Ken
Norris, director of science at ZSL.

But he stressed that, so far,
these are declines rather than
extinctions. “This should be a
wake-up call to marshal efforts
to promote the recovery of these
populations,” he said. –No smoke stains without fire–

“wavy”, irregular path, more cold 
weather fronts plunge south into 
mid-latitudes, bringing freezing 
conditions that persist for weeks. 
But when the jet stream flows 
steadily from west to east, winter 
weather is milder.

The warming Arctic could  
have been amplifying the effects 
of the wavy patterns, says Edward 
Hanna, at the University of 
Sheffield, UK. “Improving our 
ability to predict how climate 
change is affecting the jet stream 
will help to improve our long-
term prediction of winter weather 
in some of the most highly 
populated regions of the world.”

60 SECONDS

Largest marine reserve
The world’s biggest marine reserve 
in Antarctica’s Ross Sea will kick in at 
the end of 2017, protecting a host of 
species living in Antarctic waters – 
including Adélie and emperor 
penguins. It covers an area more 
than six times the size of the UK, 
and has been hailed as a milestone 
for conservation. 

Uber loses tribunal
A UK court has ruled that Uber 
drivers are “workers”, not  
self-employed contractors, in a case 
that has implications for thousands 
of drivers with the taxi firm. Two 
drivers, supported by the GMB
union, argued that they should be
entitled to holiday pay, a guaranteed
minimum wage and breaks. Uber
says it will appeal the judgement.

Hard to tell
Sometimes information is no help
at all. An analysis of the mortality
rates for procedures performed
by UK surgeons has revealed that
publishing this information cannot
help patients avoid poor doctors.
Surgeons each perform far too few
procedures to make it possible to
identify those that are worse than
average (BMJ Open, doi.org/bsjj).

Plants see underground
Roots of many plants have light 
receptors, and now we may have 
discovered why. The receptors  
seem to channel light directly 
underground using stems as  
fibre-optic cables, which may signal 
to roots where and when to grow 
(Science Signaling, DOI: 10.1126/
scisignal.aaf6530).

Fat blaming
Obesity affects a third of people in 
the US, but that doesn’t stop people 
blaming the condition on greed or 
laziness. Obesity is caused by a mix 
of genetic and environmental 
factors, yet three-quarters of 
participants in a survey of 1509 
adults believe the condition is the 
result of a lack of willpower.

Why is Taj Mahal turning brown?
TAJ MA-HELP! Pollution from open 
rubbish fires is turning India’s iconic 
white marble monument brown, 
leading to calls for better waste 
management.

Door-to-door waste collection in 
Agra, the city where the Taj Mahal 
is located, often bypasses poor 
neighbourhoods. As a result, many 
households burn food scraps, paper 
and other rubbish in the street.

Sachchida Tripathi at the 
Indian Institute of Technology 
Kanpur and his colleagues found 
that waste burning in Agra deposits 
150 milligrams of fine pollution 
particles per square metre of the 
Taj Mahal annually. This may explain 
why other interventions to stop 
discolouration have had little impact. 

In 1996, for example, India restricted 
vehicle access near the monument 
and took steps to reduce industrial 
emissions. Last year, the use of cow 
dung as a cooking fuel was banned. 
But the marble continues to darken.

The study found that the impact  
of open rubbish fires on the Taj Mahal 
is 12 times that of dung cake burning 
(Environmental Research Letters, 
doi.org/bsjh). Introducing low-
emission household incinerators and 
organising regular waste pick-ups  
are possible solutions, says Tripathi.

This could also improve health. 
The study estimated that inhaling 
fine particles from rubbish fires 
causes 713 premature deaths in Agra 
each year, through cardiovascular 
and respiratory disease.

“The drugs cured 82 per 
cent of those treated 
across nine countries, 
which is excellent”
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AN ICONIC physics experiment 
may be hiding more than we ever 
realised about the nature of 
reality. The classic “double-slit” 
experiment reveals the strange 
duality of the quantum world,
but it may behave more strangely
than we thought – and could 
challenge one of the most closely 
held assumptions of quantum 
mechanics.

Revisiting it could help unify 
quantum mechanics with the
other pillar of theoretical
physics – Einstein’s general
relativity – a challenge that has
so far proven intractable.

The double-slit experiment
involves shining a light at
two close-together slits placed
in front of a screen. 

Our classical view of the world 
suggests that photons of light 
should pass through one slit or 
the other, and thus create two 
parallel bands on the screen 
behind. But instead, the light 
spreads out into alternating  
bands of light and dark.

This interference pattern
appears even if you send in one
photon at a time, suggesting that
rather than moving in a straight
line, light behaves as both a wave
and a particle at the same time.
US physicist Richard Feynman 
said this experiment embodies 
the “central mystery” of the 
quantum world.

“Every student of quantum 
physics is taught how to calculate
the interference pattern of the 
double-slit experiment,” says 
James Quach at the Barcelona 
Institute of Science and 
Technology in Spain.

To calculate the probability  
that a photon will arrive at some 
location on the screen, physicists
use a principle called the Born 
rule. However, there is no 
fundamental reason why the Born

rule should hold. It seems to work
in all the situations we’ve tested,
but no one knows why. Some have
attempted to derive it from the
“many worlds” interpretation
of quantum mechanics, which
proposes that all the possible
states of a quantum system
could exist in different, parallel
universes – but such attempts
have been inconclusive.

That makes the Born rule a
good place to look for cracks in 
quantum theory. To unite 
quantum mechanics, which 
governs the universe on minute 
scales, and general relativity, 
which holds at immense scales, 
one of the theories must give way.
If the Born rule falls over, it could
clear a path to quantum gravity.

“If the Born rule is violated, 

then a fundamental axiom of
quantum mechanics has been
violated, and it should point to
where one needs to go to find
quantum gravitational theories,”
says Quach.

Now, Quach has suggested a
new way to test the Born rule.
He started from another idea of 
Feynman’s: in order to calculate 
the probability of a particle 
reaching a certain place on the 
screen, you should account for  
all the possible paths it could take
from the source to the screen, 
even ones that seem ridiculous. 
“This includes paths that go  
from here to the moon and back 
again,” says Quach.

Almost none of these paths 
should affect the photon’s final 
location, but there are some weird

paths that could change the 
probabilities enough for us to 
measure the difference.

For instance, say there are three 
paths that a particle could take 
through the apparatus instead of 
the obvious two. The Born rule 
lets you calculate probabilities by 
considering interference between 
pairs of paths, but not between all 
three paths at once.

Quach shows that if you
account for interference between 
all three paths, the probabilities 
will be different from what the 
Born rule predicts (arxiv.org/
abs/1610.06401v1).

He suggests testing this with
a double-slit experiment that 
allows for a third path, a 
wandering zigzag in which the 
particle goes through the left slit, 
over to the right slit, then heads 
towards the screen. If that third 
path interferes with the two more 
straightforward ones, the results 
should deviate from what the 
Born rule suggests.

Quach’s work is “extremely 
interesting and thought-
provoking”, says Aninda Sinha at 
the Indian Institute of Science in 
Bangalore, a member of the team 
that first proposed exploring 
violations of the Born rule using 
winding, non-classical paths.

But he points out that
Quach’s experiment could fail
to capture other paths that  
might muddy the results.

The stakes are high. Finding 
violations of the Born rule  
could be the thin edge of the 
wedge that pries open the door  
to a more fundamental 
understanding of reality.  ■

THIS WEEK

Double-slit jeopardy
Could we have a classic experiment wrong, asks Anil Ananthaswamy
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“If the Born rule is  
violated, it should point  
to how to find a theory  
of quantum gravity”

–Wave of illumination–
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FACING a big problem and
finding it hard to decide what
to do? A sprinkling of disgust
might boost your confidence.

Common sense suggests that
our confidence in the decisions
we make comes down to the
quality of the information
available – the clearer that
information, the more confident
we feel. But it seems that the
state of our body also guides us.

Micah Allen at University
College London and his colleagues
showed 29 people a screen of
dots moving in varied directions.
They asked the volunteers which
direction most of the spots were
moving in, and how confident
they were in their decisions.

Before each task, the
participants briefly saw a picture
of a face on the screen. It was
either twisted in disgust or had a
neutral expression. Although this
happened too quickly for the faces
to be consciously perceived, the
volunteers’ bodies reacted. Seeing
disgust, which is a powerful
evolutionary sign of danger,

boosted the volunteers’ alertness,
pushing up their heart rates and
dilating their pupils.

When shown a neutral face, the
volunteers became less confident
as the task got more difficult. As
the movement of the dots became
more varied, they were less sure of
the main direction. But when they
were shown the disgusted face,
they reacted differently. In easy
tasks, in which people were

previously confident, they
became more doubtful of their
decisions. In more difficult tasks,
their confidence grew. Neither
face made any difference to the
accuracy of their answers (eLife,
doi.org/bsgd).

“We were tricking the brain and
changing the body in a way that
had nothing to do with the task,”
Allen says. In doing so, they
showed that a person’s sense of

confidence relies on internal
as well as external signals – and 
the balance can be shifted by 
increasing your alertness.

Allen thinks the reaction to
disgust suppressed the “noise”
created by the more varied
movement of the dots during
the more difficult versions of the
task. “They’re taking their own
confidence as a cue and ignoring
the stimulus in the world.”

“It’s surprising that they
show that confidence can be
motivated by processes inside a
person, instead of what we tend to
believe, which is that confidence
should be motivated by external
things that affect a decision,”
says Ariel Zylberberg at Columbia
University in New York. “Disgust
leads to aversion. If you try a
food and it’s disgusting, you walk
away from it,” says Zylberberg.
“Here, if you induce disgust, high
confidence becomes lower and
low confidence becomes higher.
It could be that disgust is
generating this repulsion.”

It is not clear whether it is the
feeling of disgust that changes a
person’s confidence in this way,
or whether inducing alertness
with a different emotion, such
as anger or fear, would have the
same effect.

The variation in how people
respond to alerting signals might
help us understand personality.
“We know that people vary
quite a bit in how accurate their 
confidence is, and also in how 
sensitive to their bodies they are,” 
says Allen. He wants to know 
whether alertness has a greater 
effect on confidence in people 
who have difficulty regulating 
their emotions.

“The jury is still out on the 
ultimate implications of this,” 
Allen says. “I wouldn’t tell 
someone they should go out and 
see a bunch of disgusted faces 
before they make a big decision.” 

But his team hopes the research 
will one day help people with 
anxiety, and other conditions that 
involve changes in the body’s level 
of alertness.  Chelsea Whyte  ■

HOW’S that for lofty living? Common
swifts spend an astonishing 10
months a year without ever landing –
a world record for sustained flight,
beating the alpine swift, which flies
non-stop for up to six months.

In Europe, common swifts land for
two months to breed, spending the
nights in nests. Then they head to
Africa – where no roosting sites have
ever been found – before returning to
Europe 10 months later.

We thought swifts must fly for long
spells. Now, Anders Hedenström at
Lund University in Sweden and his
colleagues have confirmed this by
fitting data loggers on seven swifts.

“Three of them never reached
the ground for 10 months,” says
Hedenström. “The others did land
briefly, for a few nights, but never for
more than half a per cent of the total
time of their migratory periods.”

As suspected, they almost
certainly sleep on the wing, he says.
(Current Biology, doi.org/bsgc).
“Assuming that, like other animals,
swifts need sleep, logically they must
do it in the air,” he says.

But it seems not all animals need
regular sleep, says Jerry Siegel at the
University of California, Los Angeles.
“We recently found that dolphins
and killer whales go about four
months without sleep after birth,
with their mothers not having any
sleep,” he says. Andy Coghlan ■

Seeing disgust affects
how confident we feel
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“When you induce disgust,  
high confidence becomes 
lower and low confidence 
becomes higher”

Swifts stay on 
the wing for 
10 months
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COULD old colliders point to new
discoveries? An energy excess 
spotted in 20-year-old data suggests 
so. The bump hints at the existence 
of a previously undetected particle, 
which could change our 
understanding of physics. But it 
could also be a statistical fluke.

The ALEPH particle detector at CERN 
near Geneva, Switzerland, switched on 
in July 1989. For the next 15 years, it 
analysed the decays of millions of 
Z particles created in the Large 
Electron-Positron (LEP) collider – 
located in the same tunnel that now 
houses the Large Hadron Collider.

Although scientists scrutinised
those decays throughout the
experiment’s lifetime, they tended to
look only for signals that theorists had
predicted.

In the years since, theorists have
made more predictions. So Arno
Heister at CERN decided to go back 
over the old data. Without looking for 
anything in particular, he found a slight 
excess of decay products at an energy 
of about 30 gigaelectronvolts (GeV).

Just as the famous Higgs boson first 
showed itself with a tiny bump that 
swelled as more data was gathered, 
this could signify the existence of a 
new particle. But this particle, unlike
the Higgs boson, was not predicted 
by the standard model of particle 
physics, and so could point toward a
more complex theory of nature (arxiv.
org/abs/1610.06536v3).

That would be a dream come true.
Physicists are hungry for a model that
can answer questions the standard
model cannot, like why there is more
matter than antimatter or what dark
matter is.

But Heister doesn’t jump to that
conclusion. “I cannot tell you if 
it’s something really new, if it’s  
a statistical fluctuation, or if it’s 
something we didn’t understand 
in the standard model,” he says.  
“I have no clue what it could be.”

The issue is that the statistical 
significance of the bump is at most 3 
sigma, meaning the odds that it’s due 
to chance are about 1 in 740. Earlier

this year, a similar signal had physicists
all abuzz before it disappeared with
more data. In order to claim a discovery,
particle physicists require a 5-sigma
result, meaning the chance that the
signal is a fluke is about 1 in 3.5 million.

More evidence will either boost or
destroy the signal. “The good news 
is that there are three other LEP 
experiments and three other LHC 
experiments that can all weigh in,” 
says Matthew Strassler from Harvard 
University. “So this should be settled 
very quickly.”

And even if the excess turns out 
to be a fluke, the paper highlights an 
important issue, Strassler says: major 
colliders like the LHC may have more 
secrets to reveal. Strassler hopes that 
the findings will urge other scientists 
to further examine old data.  ■
Shannon Hall

New particle 
hint in decades 
old data
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“Physicists are hungry for 
a model that can answer 
questions the standard 
model cannot”

Brian Owens

CHIMPS and their bonobo
relatives are closer than we
thought. Bonobos seem to have
donated genes to chimps at least
twice since they last shared an
ancestor.

Bonobos are renowned for
their free and easy sex life and
the two closely related apes
have occasionally interbred in
captivity. But the finding that
they interbred in the wild was
unexpected.

The two species split sometime
between 1.5 and 2.1 million years
ago, around the same time that
the Congo river system formed.
Wild bonobo populations
are entirely contained in that
river system, separated from
two nearby subspecies of
chimps, the eastern and central
subspecies.

The river was thought to be
an impenetrable barrier, says
Christina Hvilsom from

Copenhagen Zoo in Denmark,
whose team was mapping ape
genomes as part of a conservation
project. It turns out that it must
have been breached more than
once – but it’s not clear how that
happened.

Hvilsom and her colleagues
compared chimp genomes with
those of bonobos and found
clear signs of bonobo genes.
“We thought it was a mistake,
but we kept seeing it,” says
Hvilsom.

The genetic evidence shows
that a little less than 1 per cent
of the chimpanzee genome
came from bonobos, from one
contact between 200,000 and
550,000 years ago and another,
more recent encounter, less
than 200,000 years ago. It’s
not yet clear whether the two
episodes of gene flow happened
at low levels over a long time
or in discrete pulses (Science,
doi.org/bsgb).

We humans also carry evidence 

of ancient interbreeding in our 
genome, in the form of DNA from 
our Neanderthal relatives. The 
new study shows that we are not 
unique among our great-ape 
cousins in dallying with other 
branches of our family tree.

“We know that interbreeding 
played a role in human evolution,  
and now we know it was 
important for the great apes  

too,” says Hvilsom.
Tony Capra of Vanderbilt 

University in Nashville, 
Tennessee, says that scientists 
need to pay more attention to 
interbreeding when studying  
how new species arise. “We need 
to make sure our models are 
robust enough to account for 
events that don’t respect the 
traditional tree of life,” he says.  ■

Two species, two 
flings, one gene swap

–Kissing cousins–
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THE first humans to reach
Australia didn’t sit still for long.
New evidence suggests they
quickly migrated into its hot, dry
interior, and developed tools to
adapt to the tough environment
and exploit its giant beasts.

Previous archaeological
work has shown that the earliest
Australians spread rapidly around
the coast after arriving in the
north by boat about 50,000 years
ago. Within around 2000 years,
they had moved all the way to the
country’s south-west tip.

Now, Giles Hamm at La Trobe
University in Melbourne and his
colleagues have found evidence
that there was also movement
into Australia’s arid interior up
to 49,000 years ago – about 
10,000 years earlier than 
previously thought. 

Excavation of Warratyi rock 
shelter in the Flinders ranges of
South Australia, 200 kilometres
inland, found ancient stone 
hunting tools, the bones of 
wallabies and other animals, the
remains of cooking fires, possible
sewing tools and ochre that may
have been used as body paint.

Of particular note was a bone
from the rhino-sized marsupial
Diprotodon optatum and
fragments of an eggshell from
the giant flightless bird Genyornis
newtoni. These now-extinct
megafauna would have been
unable to climb into the elevated
rock shelter, suggesting that
humans had brought in the
animals’ remains (Nature,
DOI: 10.1038/nature20125). 

“This is exciting because it is 
seemingly good evidence that 

humans were eating megafauna,”
says Ian Lilley at the University
of Queensland. “We knew that 
humans and megafauna were on 
the continent at the same time, 
but there has been very little 
reliable evidence that they had 
anything to do with each other.”

The shelter’s occupants may 
also have been using the skins of 
megafauna and other animals.  
A 40,000-year-old sharpened 
bone point discovered at the site 
is the oldest bone tool found in 
Australia, and could have been 
used for needlework, Hamm says.

Although the inhabitants 
would have brought some tool-
making skills with them from 
Africa, they would have needed  
to develop new technologies to 

survive in Australia, Hamm says. 
“We’ve got a hypothesis that 

these people developed net 
technology really early on to catch 
yellow-footed rock wallabies,”  
he says. “These animals move so 
quickly that you can’t use spears, 
so one way would be to herd them 
into a net and club them on the 
head.” The team now plans to 
investigate whether bits of fibrous 
plant matter found in the shelter 
were the remnants of nets.

Another unsolved mystery is
how and why humans migrated
to this arid region of Australia. 
Hamm believes they cut directly 
through the centre of the country 
by following major river systems, 
and ended up staying in the 
Flinders ranges because springs 
there provided a reliable, long-
term source of water. This was 
especially important when the 
continent started drying out 
about 48,000 years ago, he says.

But Alan Cooper at the 
University of Adelaide says he  
has soon-to-be-published results 
showing that the first Australians 
followed the coastline to South 
Australia, then moved inland.

“We’ve got very strong evidence 
from genome mapping of 
Aboriginal Australians that the 
colonisation route was, in fact, 
coastal,” he says. “But either way, 
it does speak of the ability of the 
Aboriginal people at the time to 
adapt and colonise the country 
pretty damn fast.”  ■

First Aussies dined 
on giant beasts
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“You could use a database
to pick out the top 100
chemicals with a particular
scent out of a billion”

–Some like it hot –

IT HAS stumped chemists for
centuries: how can you predict a
molecule’s odour from its structure?
Now computers have figured it out.

We can infer what we will see or
hear from the wavelengths of light
or sound, but our sense of smell
has remained inscrutable. Because
so many aspects of a molecule’s
structure can influence its odour,

Computers 
predict how 
chemicals smell

chemists have never been able to 
predict how molecules will smell, 
except in a few special cases.  
Andreas Keller and Leslie Vosshall at 
Rockefeller University in New York 
City wondered if crowdsourced 
machine learning could help. 

They asked 49 volunteers to rate 
the odour of hundreds of chemicals, 
according to how intense or pleasant 
each was, and how well it matched 
19 other descriptors, such as garlic. 
Then they released the ratings for 
407 of these chemicals, along with 
4884 chemical structure details for 
each, and asked people to use this to 

develop machine-learning algorithms.
In all, 22 teams entered the

challenge. They were evaluated
using 69 chemicals whose volunteer
ratings hadn’t been released. The best
algorithms proved far more accurate
than previous efforts at predicting the
volunteers’ descriptions of the test
chemicals (bioRxiv, doi.org/bsgn).

Contest winner Rick Gerkin, at 
Arizona State University in Tempe, 

thinks it would be possible to handle  
a wider set of descriptors. This could 
help perfumers and flavour specialists 
sort through billions of scented 
molecules to find ones with a 
particular odour, says Robert Sobel,  
at FONA International, a flavour 
company in Geneva, Illinois.

The predictions may not be perfect, 
but they can help narrow the field 
when you are after a particular scent, 
says Gerkin. “Eventually, you can use  
a database like that to pick out the top 
100 hits out of a billion molecules.  
A hundred molecules are easier to 
test than a billion.”  Bob Holmes  ■



St. Jude Children’s Research Hospital is an Equal Opportunity Employer.

THE WORLD’S BRIGHTEST 
MINDS ALWAYS INNOVATE. 
WELCOME TO ALWAYS INNOVATING.

Ready to join the world’s 
brightest scientific minds?

StJude.org/Careers

Treatments developed at St. Jude 

Children’s Research Hospital have 

helped push the overall childhood 

cancer survival rate from 20 percent 

to 80 percent since the hospital 

opened more than 50 years ago.

The world’s brightest researchers 

and caregivers come to St. Jude to 

experience world-class resources and 

unmatched support to do amazing 

work. Join us and be part of a 

collaborative culture that will inspire 

you every single day to be the force 

behind the cures.



14 | NewScientist | 5 November 2016

PREHISTORIC people were quite
the daredevils. They appear to 
have hunted formidable cave lions 
and used their pelts as roofs on 
their stone-walled huts.

Cave lions once lived widely 
across Europe, Asia and North 
America before becoming extinct 
some 14,000 years ago as the 
glaciers receded. They were 
similar in size to modern lions. 

A team led by Marián Cueto  

at the University of Cantabria in
Spain has now found evidence 
that our ancestors skinned cave 
lions in La Garma cave, northern 
Spain. The cave is a well-preserved 
snapshot of Stone Age life, sealed 
by a rockslide for 16,000 years.

Within it were toe bones from  
a cave lion that show subtle 
markings, similar to those made 
when a modern hunter skins a 
lion with the goal of keeping the 

claws attached to the fur. These
provide evidence that a skilled,
ice age worker was trying to do
the same (PLoS One, doi.org/bsdp).

Because the bones were found 
around the remains of one of the
stone huts within the cave, the 
team suspects the pelt may once 
have formed its roof. 

“It was a risky and dangerous 
task,” says Cueto, of hunting the 
cave lions. Her team speculates 
that it might have had ritual 
connotations.
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Toe-pad design keeps geckos 
stuck to the same building

THIS gecko certainly got off on the wrong foot. The 
would-be marauder, Tarentola mauritanica, turned up  
on the Mediterranean island of Giraglia, just off the coast 
of Corsica, but has been trapped on a single building.  
It turns out its feet can’t handle the dust elsewhere. 

Anthony Russell at the University of Calgary in Canada 
and Michel-Jean Delaugerre at the coastal protection 
agency in Bastia, France, have found that when the 
lizards scurry across the island’s crumbly stone, dust 
quickly fouls their toe pads, immobilising them. The 
native gecko Euleptes europaea has no such problems. 

The researchers put this down to differences between 
the toe pads of the two species. The native geckos have 
two adhesive spots at the tip of each toe, whereas the 
invasive ones sport sticky rows that cover the bottom of 
each digit (see picture, above). 

Native geckos deal with the dust by lifting their small 
toe pads to the side, relying solely on their claws for 
climbing. The invading geckos, however, can’t roll up their 
large pads without also pulling up their claws. Instead, 
they have to walk through a relatively clean area to shed 
the grime. And the only place to do that on the island’s 
powdery surface is the concrete building (Journal of 
Zoology, doi.org/bsdg).

 “We really didn’t know before why you’ve got these 
two fundamentally different designs,” says Russell.

Ice age huts had roofs of cave lion pelt

Fish returns to its 
nest every year

THERE’S no place like home,  
even for small fish that roam  
the seas for months on end.  
Male shannies (Lipophrys pholis) 
disappear from breeding sites on 
rocky shores along the western 
coasts of Europe and North Africa 
for months, travelling offshore to 
feed. But they return to the same 
breeding site every year. 

“The most interesting thing  
is that they get back to the same 
nest or to a very close one,” says 
Paulo Jorge at the Marine and 
Environmental Sciences Centre  
in Lisbon, Portugal. It is unusual 
to see such behaviour in a species 
that doesn’t migrate, he says.

Jorge’s team tracked 211 of  
the fish over three years using
electronic tags (Journal of Fish
Biology, doi.org/bsdm). Returning 
to known nests, where they tend 
the eggs that visiting females lay, 
might save shannies the energy  
of having to find a new nest and 
could help them track down food.

Silent assassins 
sneak up on spiders

BEWARE the long-necked killer. A 
predatory Australian insect creeps 
up on spiders by breaking up their 
complex webs thread by thread 
and suppressing the vibrations.

Spiders are highly attuned to 
disturbances in their webs. But 
the giraffe assassin bug boldly 
captures spiders on foot.

Fernando Soley at Macquarie 
University in Sydney, Australia, 
filmed the act, finding that the 
bug carefully snaps individual 
threads with its forefeet and holds 
the ends. It gently releases them  
a few seconds or minutes later. 
After breaking the thickly weaved 
threads obstructing its path, the 
bug moves with delicate steps  
to avoid alerting its venomous 
opponent (Royal Society Open 
Science, doi.org/bsdn).
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Could a simple plant hold a key to treating leukemia? Fatima 
Rivas, Ph.D., is betting on it. A chemist by training, she is using her 
skill to isolate thousands of naturally occurring compounds from 
medicinal plants and other materials, seeking the precious few 
with cancer-fighting potential. Botanists across North and South 
America help her in this work, sharing promising terrestrial plants 
from their specialized collections.

Rivas joined the St. Jude faculty five years ago, lured by the possibility 
of turning her fundamental laboratory discoveries into treatments 
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has the potential to save a child’s life.”
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As a 9-year-old boy in the West African country of Burkina Faso, 
Armand Guiguemde, Ph.D., had no idea his intense symptoms 
signaled one of the world’s leading killers of children: malaria. More 
than three decades later, Guiguemde’s experience has come full 
circle with his participation in an effort by St. Jude to attack malaria.

Guiguemde is part of a multidisciplinary team in translational 
research and drug discovery focusing on early lead identification of 
novel drug compounds.  “The most rewarding part of my job is the 
finding that our work can have an impact on lives.”
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“There is no place like St. Jude,” says Si Ming Man, Ph.D., a 
postdoctoral research fellow in the Immunology Department at St. 
Jude Children’s Research Hospital. 

“From the first moment I got to St. Jude, I was amazed by the 
facilities; I was amazed by the friendliness of the people; I was 
amazed by the resources available.” Man studies the role of the 
immune system in bacterial infections, specifically how immune 
cells are able to sense or see the pathogens. 

“We can see first-hand how our research can be translated to 
therapies that save lives,” Man says. “That is something that is 
really inspiring to me. We work in a hospital setting, and we know 
our research has a special role in translating science into therapies. 
That’s so exciting to me.”

Fatima Rivas, Ph.D.
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Si Ming Man, Ph.D.
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‘Pebble’ is a pickled
dinosaur brain

A “BROWN pebble” spotted by a
fossil hunter in Sussex more than a
decade ago has been confirmed as
the first known example of petrified
dinosaur brain.

The specimen is thought to have
come from a large plant eater such
as iguanodon, which lived about
133 million years ago. Researchers
at Cambridge University who
analysed the specimen believe the
dead dinosaur’s head was buried
in mud at the bottom of a swamp,
allowing its brain to be “pickled”
and preserved.

In time, the soft tissues became
mineralised. But the fossil retained
distinctive features such as
the meninges – the protective
membrane surrounding the
brain – blood vessels, collagen and
structures thought to represent the
outer layer of nerve cells, or cortex.

Unlike in other reptiles, where
the brain only takes up about half
the space within the skull cavity, the
fossilised dinosaur brain appears to
have been pressed directly against
the skull. This raises the intriguing
possibility that some dinosaurs
had larger brains than we thought.

But the team cautioned against
jumping to conclusions about
dinosaur intelligence. The most
likely explanation is that gravity
caused the brain to collapse against
the roof of the skull cavity as it
decayed, the researchers say.

Smooth rides on honeycomb streets

LIFE is sweet in the honeycomb.
Connecting streets to form hexagons
instead of rectangles might lead to
less traffic congestion.

Luis Eduardo Olmos and José
Daniel Muñoz at the National
University of Colombia, Bogota, ran a
simple mathematical model in which
cars could drive in one diagonal
direction, as can happen in rush hour
when commuters all head home at
once. For a square street network
such as Manhattan, for example,
the cars might run east and north.

With a few cars, traffic flows, and
with too many vehicles, traffic clogs.

Between those extremes, there’s
an intermediate state, in which
small jams clog traffic in bursts.

But on honeycombed streets
without traffic lights, there was a
more sudden transition: free-flowing
traffic abruptly jammed up (arxiv.org/
abs/1610.07438v1).

Adding traffic lights to assist the
flow let cars on these streets keep
moving at densities that would have
clogged up a rectangular network.

But Eran Ben-Joseph at MIT thinks
visitors would find it hard to navigate
Hexagonopolis, which he says “may
work in theory but not in practice”.

IT’S like Jekyll and Hyde.
One moment skin bacteria
are harmless, the next they
are causing a full-on spotty
breakout. Now researchers have
discovered why this happens – a
breakthrough that could soon
yield new acne treatments.

Richard Gallo at the University
of California, San Diego, and his
colleagues have discovered that
a type of harmless bacterium
that lives on the surface of the
skin can turn nasty, triggering
inflammation and zits when it
finds itself trapped in airless

conditions, like those found in
hair follicles.

The airless environment causes
the bacterium, Propionibacterium
acnes, to turn sebum – an oily
substance that accumulates in
follicles – into fatty acids. These
subsequently deactivate enzymes
that normally act as a brake on
inflammation. Once that brake
is off, cascades of chemicals
are produced by follicle skin
cells, leading to the type of
inflammation that causes acne
(Science Immunology, DOI:
10.1126/sciimmunol.aah4609).

This could explain why
teenagers are so prone to
outbreaks – surges in hormones
during puberty cause an increase
in sebum, which then provides
more fodder for P. acnes to create
fatty acids.

Unfortunately, we can’t just
wash this bacteria away, because
it forms clumps that help anchor
it to the skin. Instead, Gallo hopes
to either inhibit the fatty acids,
or block their impact on the skin.
“We’re working on how to do this.
If we get lucky, it could lead to new
medications in two to five years.”

Why ‘breathless’ bacteria cause acne and how to get rid of it

Space telescope
duo to see in 3D

COMING in 2019: The Solar System
in 3D. A pair of telescopes could
soon bring celestial sights to life
in three-dimensional images
and movies for the first time.

When the James Webb Space
Telescope (JWST) begins science
operations in 2019, it will join
the 26-year-old Hubble telescope,
scheduled to retire in 2021.

The two will be able to act as
a giant pair of eyes. Hubble is
in near-Earth orbit and the JWST
will reside 1.5 million kilometres
away. Such a wide separation
means that pointing them at the
same object in the solar system
will create a sense of depth
perceptible to the human eye.

Joel Green at the Space
Telescope Science Institute in
Baltimore, Maryland, analysed
the telescopes’ joint capabilities
to model the amazing sights they
might see, such as atmospheric
dust drifting over Mars (arxiv.org/
abs/1610.07483). The most
exciting prospects might be
rapidly changing phenomena,
such as storms on Jupiter,
impacts on rocky worlds or
comet emissions.

It will also just be cool. “I’m 
really excited to see Saturn’s rings 
pop out of the page,” Green says.
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CHARLOTTE and Nick met in
history class in their first year
at university. He would go on
to be president of the College
Republicans, she the head of the
College Democrats. They knew
they looked an unlikely pairing.

“I disagree with a whole lot
of what Nick says, and he would
say the same about me,” says
Charlotte. “But there’s a lot more
similarities than people realise.
When you get to know us as a
couple, you see it’s normal.”

Six years later, the two are still
together. That’s a feat, in a country
where politics and marriage don’t
tend to mix – just 10 per cent
are between a Republican and a 
Democrat. In one survey, a third  
of Democrats and nearly half of 
Republicans said they would be 
unhappy if someone in their 
family chose to marry someone 

from the opposing party (Public
Opinion Quarterly, doi.org/bsck).

The US has never been afraid
to disagree. Founding father
Alexander Hamilton extolled
a system that encouraged
“differences of opinion, and the
jarring of parties”. But in the 2016
presidential election, political
opponents aren’t merely people
you disagree with; they are
“deplorables” or “crooked”.

It’s part of a trend. In 2014,
a Pew Research Centre survey of
10,000 adults in the US uncovered
a growing divide between liberals
and conservatives. Compared
with two decades ago, twice
as many people were sticking
consistently to one side, and
more people said they believed 
the other party’s policies 
threatened the nation’s well-
being, and took a dim view of their

voters’ personalities (see chart,
opposite). Around half said the
other party made them feel afraid.

So the US finds itself in
desperate need of something akin
to couples’ counselling. But does
such treatment exist for a nation?
A few do hold out hope that, given
time, rifts can be healed – by 
starting to teach Americans how 
to talk to one another again.

“If this election cycle isn’t
enough to make us realise that we
need to make a turn, it’s hard to 
know what would be,” says Liz 
Joyner, executive director of The 
Village Square. Her organisation 
started as an effort to try to keep 

the peace in a fight over a power 
plant in Tallahasee, Florida. 
Through community events,  
they sought ways to build
empathy with others. The key,
she says, is to break people out
of their ideological bubbles and 
make individual connections. 

Growing apart
That’s hard, because people in
the US are increasingly sorting 
themselves into partisan groups. 
Liberals tend to be college-
educated and prefer to live in 
cities, while conservatives favour 
the suburbs. The country’s ethnic 
make-up has evolved, making
white people a minority in some
counties – something Donald 
Trump has exploited for political 
gain. Online media has splintered 
in such a way that many people 
live comfortably inside ideological 
filter bubbles, rarely scrolling 
across a viewpoint that challenges 
their own. The upshot is that 
people of different political
orientations are growing
further apart.

“We have been separating 
ourselves into like-minded groups 
in almost every aspect of our 
lives,” says Joyner. Relationships 
with people of opposite views 
were once common, but now 
there are fewer chances for them 
to sprout organically. 

For evidence of the widening 
rift, look no further than the 
presidential race. The two major-
party candidates could hardly be 
less alike: a wonkish female career 
politician and a brash male real 
estate mogul. Yet Hillary Clinton 
and Donald Trump share one 
thing: they are both parties’ most 
disliked candidates in recent 
history (see graph, opposite). 

And the rift probably won’t end 
once polling does on 8 November. 
The US has experienced painful 
ideological divisions throughout 
its existence: over slavery, civil 
rights, the Vietnam war and more. 
But this time it’s different, says 
Marc Hetherington at Vanderbilt 
University in Tennessee. “The 

ANALYSIS US ELECTION

Healing the nation
Once the presidential election is over, can the chasm between 
US conservatives and liberals be repaired, asks Aviva Rutkin 

Z
U

M
A

P
R

ES
S/

E
Y

E
V

IN
E

–Disaffection with politicians is rife- 

“We have been separating 
ourselves into like-minded 
groups in almost every 
aspect of our lives”
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thing that makes this period so
unique is that our differences
are organised by our party
identification,” he says. “We’ve
never been more divided by party
than we are now.”

Thankfully, there is a way
forward. Studies suggest that
when people live with others
who share their opinions, their
decisions tend to become more
extreme, and they tend to become
more hostile to outside groups.
But reminding people of basic,
shared human qualities may help
bridge the gap. One experiment
reduced participants’ anti-Arab
prejudices by making them look
at pictures of diverse families
doing everyday things, and
asking them to consider their
own childhood memories
versus foreigners’ experiences
(Journal of Experimental Social

Psychology, doi.org/dpzhz6).
In another study, white and

Hispanic students signed up for
several weeks of “friendship
meetings”with a stranger from the
opposite background. Afterwards,
students who had previously
scored highly for implicit
prejudice showed lower levels of
the stress hormone cortisol, and
were more likely to report seeking
contact with people of different
ethnic backgrounds in their free
time (Journal of Personality and
Social Psychology, doi.org/crqnt6).

Organisations like The Village
Square are built on the “contact
hypothesis”, the idea that positive
interpersonal contact between
disagreeing groups is vital to
reducing prejudice. A similar
body, American Public Square,
now operates in Kansas City,
Missouri. Its dinners feature live

fact-checking of attendees’ claims
by staff from a university library,
and people are given “civility
bells” to ring if they think the
conversation is turning too
hostile. It’s slow going, but “the
process is the product”, says
founder Allan Katz, who also
co-founded The Village Square.
“You’re hoping to raise the
consciousness of a community,

which also puts pressure on your
elected officials and law-makers
to behave civilly.”

In Cambridge, Massachusetts,
Jessica Weaver and colleagues at
a group called Essential Partners
have quietly held meetings
between pro-choice and anti-
abortion community
representatives for several years,
following shootings at a local
abortion clinic. Borrowing from
the strategies of family therapists,
a major part of their process is to
prepare people for this dialogue.

Facilitators interview those
involved beforehand, to get a
better grasp of their perspectives
and goals, and the potential
pitfalls to avoid. During the
meetings, they try to make
participants reflect more carefully
on what they say: by scheduling
pauses to encourage people to
listen and collect their thoughts,
for example, or by encouraging
questions centred on their
feelings and experiences, rather
than on their positions. Suggested
questions, for example, include
“What life experiences may have
shaped your current views about
abortion?” and “Have you ever felt
stereotyped by those who hold
different views on this issue?”

Since then, the group has
applied the same methods to
conversations about gun control
in Butte, Montana; immigration
in New Hampshire; and religion
in Nigeria. Representatives are
next headed to North Carolina,

where they’ll moderate meetings
between the Black Lives Matter
movement and the police.

“Is it frustrating? Yes. Is it hard?
Of course,” says Weaver. “But I
think those conversations across
the table are ultimately what gives
us a sense of what’s possible at a
larger scale.”

The hope is that such
methods will hit home, from
large communities down to 
individuals. “If one side thinks 
more and the other side listens 
more, then you’d be in a much 
better place than you are,” says 
Nick. “Politics is not the hard part 
of the relationship.”  ■

For daily news stories, visit newscientist.com/news

Democrats Republicans

Rising tide
The US voting public's disdain for presidential candidates has grown over time, 
and none more so than for Donald Trump and Hillary Clinton, who are the first
to be disliked by more than half the electorate
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Thinking ill of the other side
Supporters of each of the two big US political parties are prone to questioning 
the morals and personalities of those in the opposing party
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BORN THIS WAY

There is evidence that genetics may 
play a role in determining which 
party we side with. If our political 
orientations are shaped not just by 
life experience but also by biology, 
then they are all the harder to 
change, says John Hibbing at the 
University of Nebraska-Lincoln. 

Hibbing has found that 
conservatives are more “threat-
sensitive”: threatening images  
or sounds elicit a stronger 
physiological response from them 
than from liberals. This year’s US 
presidential election mirrors that 
innate difference, he says. Many  
of the issues – such as whether  
to build a massive wall to deter 
migrants entering from Mexico – 
play directly off those sensitivities.

But intransigence and conflict 
aren’t inevitable, provided we 
accept our opponents for who they 
are. “In the past, when there’s been 
recognition that a particular trait 
does have this basis in biology or 
deep psychology, tolerance has 
increased a little bit,” says Hibbing. 
Such recognition helped left-
handedness and homosexuality 
become accepted, he argues. 

Hibbing is now exploring what  
it might mean if people could see 
opposing political views in the  
same way: not as a sign of moral 
bankruptcy, but as an inborn way  
of perceiving the world. 

“The thing that makes this 
period so unique is that our 
differences are organised 
by our party affiliation ”
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Aleppo in need
Bombing of rebel-held areas is deepening a
desperate health crisis, warns Pablo Marco

A HUMAN tragedy is unfolding
while the world watches and
does nothing. Months of siege
and the recent intensification of
indiscriminate bombing by the
Syrian government and its allies
have left the population of eastern
Aleppo in desperate straits and its
health system in tatters.

There is no way out for the

250,000 people there. Meanwhile,
food and medical supplies cannot
get in. My organisation, MSF, has
been providing medical supplies,
drugs and lifesaving surgical kits
to eight hospitals in east Aleppo
since 2014, sending in lorries
every three months. Our teams
last succeeded in getting items
through in August, during a brief

period when the siege was broken.
In the meantime, all eight

hospitals have been bombed, one
up to six times. Altogether they
have been hit 27 times, forcing all
work to halt on occasion. Staff are
doing all they can to keep going,
but they are overwhelmed: just
35 doctors are thought to be left.

These medics work around the
clock to help. Since 23 September,
when airstrikes intensified, more
than 2000 people have been hurt,
including 446 children. Patients

die because there are not enough 
operating theatres and doctors. 

Often the wounded are unable
to reach a hospital in time. At
least six ambulances have been 
targeted, some destroyed. Spare 
parts don’t get through. Medical 
supplies, fuel for generators, 
drinking water and almost every 
other essential are running low. 

The medical consequences of 
this environment are shocking.  
The doctors we support report an 
increase in child malnutrition and 
waterborne diseases. 

Some mothers are too weak to 
breastfeed, and a lack of formula
milk and other basics is leading
to preventable deaths. Routine 

“Respite must be given  
to a city falling apart day 
by day, hour by hour and 
minute by minute”

Act now, not tomorrow
As the Paris climate deal takes legal effect, we must stop pinning big 
hopes on negative emissions, say Kevin Anderson and Glen Peters

WHETHER 4 November 2016 will
go down in history as a moment
worth celebrating depends on
the guidance of climate science,
the ingenuity of engineers, the
courage of political leaders and
the will of civil society.

This is the day the much-
heralded Paris agreement on
climate change was due to come
into legal force. Prime ministers
and presidents will throw down
the gauntlet to the scientific
community: show us how to hold
“the increase in the global average
temperature to well below 2°C”
above pre-industrial levels and
“pursue efforts to limit the
temperature increase to 1.5°C”.

Long before the political elite
chinked their Parisian champagne
glasses with “low-carbon”
celebrities, a cadre of climate
scientists and engineers had
been burning the midnight oil in 
preparation for this call to arms. 

The fast-diminishing  
carbon budgets associated with 
temperature rises across the 
century emphasise the challenge 
of delivering on the agreement. 
The mitigation pledges submitted
in Paris last December will
still lead to an ongoing rise in 
emissions as we keep burning
fossil fuels, enough to squander
the carbon budget for 1.5°C in five
years and 2°C by 2030.

Yet there’s no need to fear, 
apparently: the theory goes that 
we can use all of our carbon budget 
today, and even go into carbon 
debt, but then compensate for it. 

We are developing a technical fix 
that will enable fossil fuel use for 
decades. Shiny bits of engineering 
kit will suck billions of tonnes of 
carbon dioxide from the air and 
store it underground for millennia. 

Biomass energy with carbon 
capture and storage (BECCS) has 
emerged as the front runner from 
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Alice Klein

ONCE, they chained themselves to
trees. Now, environmental groups are
increasingly using the courts to take
down mining and fracking projects.

This is creating a headache for
governments and the fossil fuel
industry. For example, legal action
taken by WildEarth Guardians and
other groups in 2014 blocked the
expansion of a coal mine in Colorado.

In the Netherlands, the Urgenda
Foundation forced the government to
commit to a 25 per cent reduction in
emissions in a landmark court case
won in June last year.

And in Australia, the approval of a
coal mega-mine in Queensland has
faced ongoing hold-ups since 2010,
because of legal challenges from the
Mackay Conservation Group and the
Australian Conservation Foundation.

In each of these cases, the
environmental organisation has
accused the government of neglecting
its duty to protect the public from the
climate-altering effects of fossil fuels.
Now, in a worrying move for climate
campaigners worldwide, the Australian
government has proposed stripping

environmental groups of their right to
challenge its decisions.

Last week, environment minister
Josh Frydenberg indicated that his party
would seek to modify the law so that
only people with a “direct interest” –
local farmers and landowners – would
have the right to challenge new
resource projects. The aim is to clamp
down on what the government calls
“vigilante litigation” or “green lawfare”.

This ignores the fact that every
single person in the world has a
legitimate interest in fossil fuel mining,
regardless of where it takes place.

Queensland’s Carmichael mine –
proposed by Indian company Adani –
will be the largest coal mine in
Australia and one of the biggest in
the world. When its coal is burned in
Indian power stations, it will emit up to
128 million tonnes of carbon per year.

This will, of course, affect everyone.
A recent study found that building any
new mines, let alone new mega-

mines, will tip us over the aspirational
2°C limit for global warming set by the 
Paris climate agreement. Rising sea 
levels, droughts, floods and extreme 
heatwaves around the world are 
predicted to follow if this happens.

A key motivation of the Australian 
government is to stop foreign interests 
from halting new developments. This 
is on the back of revelations that 
the Sunrise Project – an Australian 
organisation campaigning against the 
Carmichael mine – is partly funded by 
the Sandler Foundation, a US charity.

Writing in The Australian, Brendan 
Pearson, chief executive at the 
Minerals Council of Australia, said in 
response: “It is now clear that the 
green activists were not defending the 
rights of central Queenslanders but 
those in the leafy, air-conditioned 
suburbs of San Francisco.”

But why shouldn’t people in 
San Francisco care about mining in 
Queensland, when they are equally 
threatened by its carbon emissions?

In the climate change era, it is more 
important than ever that environmental 
organisations have legal rights that 
allow them to hold their governments 
to account. It is also reasonable for 
them to play an active part in doing 
the same with other governments.

If Australia goes ahead with its plan 
to gag green groups that stand in the 
way of new coal mines, it will set a 
dangerous precedent for the rest of 
the world. Now is the time to work 
together, not lock people out.  ■

Allvoicesmustbe
heardonclimate

INSIGHT Environmental activism
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–The right to respond–

“Everyone has a legitimate 
interest in fossil fuel 
mining, regardless of 
where it takes place”

For more opinion articles, visit newscientist.com/opinion

vaccinations are suspended.  
All this is a big threat to the most 
vulnerable, including children, 
pregnant women and patients 
with chronic diseases.

 What is needed is an end to  
the indiscriminate airstrikes on 
civilian areas, respect for medical 
facilities and patients, and an end 
to the crippling siege.  

The seriously injured or ill must 
be evacuated. Medical supplies 
and aid must be allowed in, and 
respite given to a city falling apart 
day by day, hour by hour and 
minute by minute.  ■

Pablo Marco manages the work of 
Médecins Sans Frontières in the region

an array of technologies, even
though it is highly uncertain
how much “sucking” is required. 
And BECCS is already ubiquitous 
in models guiding governments 
on mitigation.

So what’s the problem? Not least 
the need to build BECCS power 
stations magically fast, and the 
sheer scale of carbon storage and 
biomass infrastructure required. 
There are also challenging 
technical hurdles, competition for 
biomass and multiple competing 
pressures for land. 

Perhaps we can engineer 
carbon-sucking machines. The 
problem arises if we can’t scale 
them to the incredible level 
assumed in models. If we act 
today like we have enough of 
these machines tomorrow, we will 
bequeath future generations the 
climate Paris seeks to avoid.

Given the huge risk of the
technologies not working at
the scale promised, negative 
emissions should, at best, be a 
small dollop of cream on top of  
an enormous and fast-baked 
carbon-mitigation cake.  ■ 

Kevin Anderson is professor of energy 
and climate change at the universities of 
Manchester, UK, and Uppsala, Sweden. 
Glen Peters is a senior researcher at the 
Center for International Climate and 
Environmental Research in Oslo, Norway
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Stalked by ultrasound
Sound-based tech can track advertising and connect devices. But it
opens a new channel for security and privacy risks, finds Sally Adee

SOMETIMES it feels as if they are 
watching you. You idly check out 
some clothes online one morning,
and for the rest of the week, they 
follow you across the internet, 
appearing in adverts on every 
website you visit.

That can be spooky enough,  
but what if those ads could pop 
out of your browser and hound 
you across other devices? This is 
the potential of ultrasound 
technology, says Vasilios 
Mavroudis at University College 
London – and it offers a new way 
in for hacking attacks and privacy
invasions. He and his colleagues 
spelled out their concerns at this 
week’s Black Hat cybersecurity 
conference in London. 

So far, this kind of ultrasound 
technology has mainly been used
as a way for companies to identify
and track the people who have 
seen their ads, like a cross-device 

cookie. High-frequency audio
“beacons” are embedded into
TV commercials or browser ads.
These sounds, which are inaudible
to the human ear, can be picked
up by apps on any nearby device
that has a microphone. But the
technology has many more
applications. Some shopping
reward apps, such as Shopkick,
already use it to let retailers
push department or aisle-specific
ads and promotions to customers’
phones as they shop.

“It doesn’t require any
special technology,” Mavroudis
says. “If you’re a supermarket, all
you need are regular speakers.”

But there is a privacy risk. In
March, the US Federal Trade
Commission rapped the knuckles
of 12 app developers who used
ultrasound for cross-device
tracking – even when the apps 
weren’t turned on. This meant 

that the apps could collect
information about users
without them knowing.

The software developer
providing the ultrasound
code quickly withdrew it, but
Mavroudis and his colleagues
identify other problems with 
ultrasound-based technologies. 

One worry is that these 
programs may not just be picking

up ultrasound. “Any app that
wants to use ultrasound needs 
access to the full range of the 
microphone,” says Mavroudis. 
That means it would be possible, 
in theory, for the app to spy on 
your conversation.

The ultrasonic audio beacons 

that these apps pick up can also be 
spoofed. This means that hackers 
could create fake beacons to send 
unwanted or malicious messages 
to your device, like malware. 
Mavroudis and his team realised 
that this would be possible when 
they found evidence of people 
trying to cheat prizes out of a 
shopping rewards app by playing 
it recordings downloaded from 
the internet. “That was when we 
realised how easy it would be to 
spoof these,” he says.

Ultrasound apps are still
niche, but it could be an
attractive technology for use in 
the internet of things, says Mu 
Mu, a computer scientist at the 
University of Northampton, UK.
Ultrasound is a good candidate
for pairing devices that have a 
speaker and microphone. For 
example, Google’s Chromecast 
app uses it to pair your mobile 
phone with its streaming dongle.

This creates a new channel for 
hacking attacks against these
devices. Ultrasound can’t carry
a lot of data, says Mu. “But if you
know what you’re doing, just
by sending a few bytes, you can
hack a system and instruct it
to do a lot of things. It doesn’t 
always take a lot of data to make 
something bad happen.”

Before ultrasound goes 
mainstream, Mavroudis says, we 
must work out how to regulate it 
and keep it from being hijacked 
for malicious purposes. 
“Ultrasound beacons don’t have 
specs yet,” he says. “There are  
no rules about how to build or 
connect ultrasound beacons. This 
is kind of a grey area where no one 
wants to take responsibility.” 

He and his colleagues are 
agitating for standards similar  
to those that exist for Bluetooth. 
They have also developed 
countermeasures you can use in 
the meantime, including an 
ultrasound-filtering browser 
extension for Google Chrome that 
blocks any beacons embedded on 
a website from sounding. “It’s 
going to get worse unless we fix 
it,” says Mavroudis.  ■

–You really, really want that dress–

“It could be possible for 
an app to use your phone’s 
microphone to spy on 
your conversation”
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VIDEO games aren’t just for fun –
they can make a political point,
too. Responding to current
affairs is a growing trend in
gaming, and is more evident
than ever in the run-up to the
US presidential election.

There are dozens of Donald
Trump-themed indie titles on
PC game store Steam. And bigger
developers are also incorporating
political themes.

Chris Baker, a former
creative director at news and
entertainment website BuzzFeed,
launched GOP Arcade with friends
this year. The site’s series of
satirical mini-games pokes fun at
conservative attitudes in the US,
and more than a million people
have played the games so far. The
most popular title, Thoughts &
Prayers, asks the gamer to tap one
button to “think” and another to
“pray” alternately during a spree
of mass shootings. It’s a darkly
comic comment on the rhetoric
on gun control that follows real-
life tragedies.

“We talked about this idea of
playable news – very lightweight
games,” says Baker. He describes
another game, Bomb the Right
Place, as having an educational
purpose: “It’s kind of an
underhand way to learn Middle
East geography.”

The rise of politically minded
games has been facilitated by tools
such as Construct 2 and Twine,
which allow indie developers to
turn out games in days, or even
hours – ensuring that they can
stay on top of the news cycle.

“It’s sort of a necessity that
games that talk about these
subjects have to be created very
quickly, or you’ve already lost the
conversation,” says Chris Klimas,
who created Twine.

He adds that Twine games,
which take the form of “choose-
your-own-adventure” stories,
can easily be shared on social 
networks because they are web-
based. “It works very well with the
ongoing conversation that people
are having online,” he says.

The rise of politically
charged video games

Last year, a survey of more than 
4000 US gamers commissioned 
by the Entertainment Software
Association found that more
than 80 per cent planned to vote
in this year’s presidential election.
There’s clearly a market, then, for
games that tap into political issues.

And games have a “unique
power” to put players in a first-
person scenario, challenging

them to think, says indie developer
Akira Thompson, founder of US-
based RainBros. After losing his job
following the 2008 financial crisis,
he designed Stop! Thief!! – a satire
in which a pickpocket is eventually
rewarded with a job at a bank.

Thompson says mainstream
developers are also increasingly
including politically challenging
content in their releases – such
as Mafia III, which was released
in October. Its portrayal of a
southern US city in the 1960s
confronts the player with open
acts of racism. “This game pulls
no punches,” says Thompson.
“It really shows you the ugliness.”

Meanwhile, modders – players 
who modify the content of their 
favourite games – are creating 
custom designs that feature world 
politics, often satirically. One 
modder’s take on the blockbuster 
strategy game Civilization V,  
for instance, adds Russia under 
president Vladimir Putin as a 
playable scenario.

Michael Cook, a computer 
scientist at Goldsmiths, 
University of London, says that 
politically charged games have 
the potential to inform players’ 
opinions, and players should 
approach them with a critical eye. 
“We have to make sure that we’re 
aware of the power of persuasion, 
misdirection and bias,” he says.

Thompson says the onus is  
also on developers: “We need to 
think carefully about what we’re 
saying.”  Chris Baraniuk  ■

“Games have a unique 
power to put players in  
a first-person scenario, 
challenging them to think”

FLOORING that converts footsteps
into energy may one day help light
train stations and busy thoroughfares.

Xudong Wang at the University of
Wisconsin-Madison and his colleagues
have invented a material that
generates electricity when people
step on it. Unlike previous attempts,
which used expensive ceramics and
metals, this one is low-cost,
renewable and biodegradable.

The researchers began by
extracting cellulose nano-fibres from
wood pulp and separating them into
two layers, one of which was treated
chemically to be positively charged.
They then encased both layers in
cardboard to make a hard material.

Under the pressure of a footstep,
the two cellulose layers come into
contact and swap electrons. When the
foot is lifted, the electrons return
through an external circuit, producing
electricity. One footstep on a
floorboard made of the stuff yields
between 10 and 30 volts and can
light up 35 green LEDs (Nano Energy,
doi.org/bscm).

Wang says this type of energy can’t 
replace other renewables, such as 
solar, but would complement them. 
“The concept is to generate electricity 
from energy that would otherwise be 
wasted,” he says. “It also works inside 
buildings and underground, where 
solar may not be available or 
sufficient.” Alice Klein ■

Energy-generating 
floorboards will 
light the way

–A step forward–
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LYING in a bath in Bristol, UK, is a
robotic scavenger, gorging on its
surroundings. It’s able to get just
enough energy to take in another
stomachful of food, before
ejecting its waste and repeating
the process. This is no ordinary
robot. It’s a self-sustaining soft
robot with a mouth and gut.

Developed by a Bristol-based
collaboration, this robot
imitates the life of salps – squishy
tube-shaped marine organisms.
Salps have an opening at each
end, one for food to enter and
one for waste to leave. They
digest any tasty treats that
pass through their body, giving
them just enough energy to
wiggle about. The same is true
for the Bristol bot.

By opening its “mouth”, made
from a soft polymer membrane,
the robot can suck in a bellyful of
water and biomatter. The artificial
gut – a microbial fuel cell (MFC) –  
is filled with greedy microbes that 
break down the biomass and 

convert its chemical energy into
electrical energy, which powers 
the robot. Digested waste matter
is then expelled out the rear end,
just as more water is sucked in the
front for the next feed. With every
mouthful, the robot’s reserves are
replenished, so in theory it could 
roam indefinitely (Soft Robotics, 
doi.org/bscn).

“Squeezing out enough energy
to be self-sustainable is the real 
breakthrough,” says Fumiya Iida,
a robotics researcher from the 
University of Cambridge.

The energy that an MFC can 

get from food like this is currently 
pretty low. But by using soft
materials for the mouth and
the gut, the team was able to 
reduce the robot’s energy 
consumption. They got more
power by putting several MFCs
in series, like a battery.

One advantage of a self-
sustaining robot is that you  
don’t have to charge it, change  
its batteries or hook it up to a 
power source, so it won’t need  
any human interference. This 
would make it ideal for use in

inhospitable environments: leave
the robot in a radioactive disaster 
zone or a lake filled with pollution,
then let it get to work.

At the moment, it is just a proof 
of concept. The surrounding 
water is idealised, meaning that 
the nutrients have been evenly 
spread and are in an easy-to-digest 
form, but other researchers have 
shown that MFCs can work in 
more testing conditions.

Now that self-sustainability
has been achieved, the team
wants to generate more power
so that the robot can start 
performing useful tasks.

“In the future, robots like this
could be released into the ocean
to collect garbage,” says Hemma 
Philamore, one of the robot’s 
creators from the University  
of Bristol. Another application 
could see the robots feeding in 
agricultural irrigation systems 
while monitoring plants or 
applying chemicals to crops. 

“What we are developing is
a robot that can act naturally,
in a natural environment,” says 
Philamore.  ■

“In the future, robots like 
this could be released 
into the ocean to gather 
up garbage”
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When cars fly
Taxi app Uber has  a bold plan for 
the future of ride-sharing: flying 
cars. It intends to have a network 
of “on-demand urban air 
transportation”, called Elevate, 
within a decade. Uber laid out its 
vision in a 99-page white paper, 
but it faces many challenges.  
Step one: someone has to make 
the vehicle.

“Algorithms, when 
they are not 
transparent, can 
lead to a distortion 
of our perception”

German chancellor Angela Merkel 

calls for major internet platforms 

such as Google and Facebook to be 

more transparent about how their 

algorithms work. She suggests that 

the way these algorithms mediate 

information limits debate.

Secretive computers
Computers are learning to keep a 
secret. A team from Google Brain, 
Google’s deep learning project, 
has shown that machines can 
figure out how to protect 
messages from prying eyes. 
Their neural networks  – systems 
loosely based on artificial 
neurons – made their own,  
very basic encryption method, 
without being taught specific 
cryptographic algorithms.

Self-sufficient soft bot
Timothy Revell meets a robot with a ‘mouth’ and ‘gut’ to forage food

–A mouth to feed–

–Finding its own fuel–
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Birth of a condom
SOME take a pounding before they even leave the 
building. At this factory in Surat Thani, Thailand, 
the condoms they make must be inflated, 
stretched and filled with water to test their 
durability.

The factory is owned by one of the world’s 
biggest condom manufacturers, Ansell, which 
makes high-street brands such as Mates in the UK.  
The manufacturer churns out around 5 million 
condoms every day.

It all begins with wood – the first step is tapping 
rubber trees on a plantation (top left). Cross-
sections are cut in the bark so the milky latex can 
flow into a coconut-shell cup beneath. Each tree 
produces up to 40 grams per tapping.

Then, glass rods are dipped twice into a vat of 
the latex mixture (top middle) and cooled quickly, 
which solidifies the coating. The in-out action is 
then repeated to create a smooth, even layer. 
Next, water jets force the new condom from the 
rod (top right).

Then it’s time to put them through their paces. 
A machine inflates samples from each batch to 
bursting point (bottom left): the UN guidance on 
how much air a condom should be able to hold is 
18 litres for an average-sized one (extra-large 
varieties hold 22 litres, in case you were 
wondering). Others are filled with water – like 
giant stretchy water balloons – and jiggled around 
by human testers to make sure nothing leaks 
(bottom middle). Some get stretched as far as 
they can go. All the condoms go through a test 
that uses electricity: any holes or flaws in the 
latex will trigger a voltage spike (bottom right).

Finally, the condoms are washed and sprinkled 
in cornstarch so they don’t stick together. Some 
then get squirted with flavourings or lubricants 
before being rolled up and packed into those little 
foil squares.  Niall Firth 

Photographer 
Ian Teh   
Panos Pictures
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A
VINASH AUJAYEB was alone, trekking
across a vast white glacier in the
Karakoram, a mountain range on the

edge of the Himalayan plateau known as the
roof of the world. Although he had been
walking for hours, his silent surroundings
gave little hint that he was making progress.
Then suddenly, his world was atilt. A massive
icy boulder loomed close one moment, but was
desperately far away the next. As the world
continued to pulse around him, he began to
wonder if he could believe his eyes. He wasn’t
entirely sure he was still alive.

A doctor, Aujayeb checked his vitals.
Everything seemed fine: he wasn’t
dehydrated, nor did he have altitude sickness.
Yet the icy expanse continued to warp and
shift. Until he came upon a companion, he
couldn’t shake the notion that he was dead.

In recent years it has become clear that
hallucinations are much more than a rare
symptom of mental illness or the result of
mind-altering drugs. Their appearance in
those of sound mind has led to a better
understanding of how the brain can create a
world that doesn’t really exist. More surprising,
perhaps, is the role they may play in our

Far from being flights of
fancy, hallucinations reveal the

true nature of our reality,
finds Helen Thomson

Making

perceptions of the real world. As researchers
explore what is happening in the brain, they
are beginning to wonder: do hallucinations
make up the very fabric of our reality?

Hallucinations are sensations that
appear real but are not elicited by anything
in our external environment. They aren’t
only visual – they can be sounds, smells,
even experiences of touch. It’s difficult to
imagine just how real they seem unless you’ve
experienced one. As Sylvia, a woman who has
had musical hallucinations for years, explains,
it’s not like imagining a tune in your head –
more like “listening to the radio”.

There is evidence to support the sensation
that these experiences are authentic. In
1998, researchers at King’s College London
scanned the brains of people having visual
hallucinations. They found that brain areas
that were active are also active while viewing a
real version of the hallucinated image. Those
who hallucinated faces, for example, activated
areas of the fusiform gyrus, known to contain
specialised cells active when we look at real
faces. The same was true with hallucinations
of colour and written words. It was the first
objective evidence that hallucinations are less
like imagination and more like real perception.

Their convincing nature helps explain
why hallucinations have been given such
meaning – even considered messages from
gods. But as it became clear that they can
be symptoms of mental illnesses such as
schizophrenia, they were viewed with
increasing suspicion.

We now know that hallucinations occur in
people with perfectly sound mental health.
The likelihood of experiencing them increases
in your 60s; 5 per cent of us will experience 

things
up

>
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one or more hallucinations in our life.
Many people hallucinate sounds or shapes 

before they drift off to sleep, or just on waking. 
People experiencing extreme grief have also 
been known to hallucinate in the weeks after 
their loss – often visions of their loved one. But 
the hallucinations that may reveal the most 
about how our brain works are those that crop 
up in people who have recently lost a sense. 

I have personal experience of this. At 87,  
my grandmother began to hallucinate after 
her already poor sight got worse due to 
cataracts. Her first visitors were women in 
Victorian dress, then young children. She 
was experiencing what is known as Charles 
Bonnet syndrome. Bonnet, a Swiss scientist 
who lived in the early 1700s, first described the 
condition in his grandfather, who had begun 
to lose his vision. One day the older man was 
sitting talking to his granddaughters when 
two men appeared, wearing majestic cloaks of
red and grey. When he asked why no one had
told him they would be coming, the elder 
Bonnet discovered only he could see them.

It’s a similar story with Sylvia. After an ear
infection caused severe hearing loss, she 
began to hallucinate a sound that was like  
a cross between a wooden flute and a bell.  
At first it was a couple of notes that repeated 
over and over. Later, there were whole tunes. 
“You’d expect to hear a sound that you recognise, 
maybe a piano or a trumpet, but it’s not like 
anything I know in real life,” she says.

Max Livesey was in his 70s when 
Parkinson’s disease destroyed the nerves that 
send information from the nose to the brain. 
Despite his olfactory loss, one day he suddenly 
noticed the smell of burning leaves. The 
odours intensified over time, ranging from 
burnt wood to a horrible onion-like stench. 
“When they’re at their most intense they can 

smell like excrement,” he says. They were  
so powerful they made his eyes water. 

Sensory loss doesn’t have to be permanent 
to bring on such hallucinations. Aujayeb was 
in fine health, trekking across the glacier.  
“I felt very tall – the ground appeared far 
from my eyes. It was like I was seeing the 
world from over my shoulder,” he explained. 
His hallucinations continued for 9 hours, but 
after a good night’s sleep, they were gone. 

When our senses are diminished, all of us 
have the potential to hallucinate. It can take 
just 30 to 45 minutes for people to experience 
hallucinations if they try a simple visual 
deprivation technique (see “Ping-pong 
perception”,  right). In a study run by Jiří 
Wackermann at the Institute for Frontier Areas 
of Psychology and Mental Health in Freiburg, 
Germany, one volunteer saw a jumping horse. 
Another saw an eerily detailed mannequin.  

“It was all in black… had a long narrow head, 
fairly broad shoulders, very long arms.”

Yet why should a diminished sense trigger a 
sight, sound or smell that doesn’t really exist? 
“The brain doesn’t seem to tolerate inactivity,” 
said the late neurologist Oliver Sacks when I 
spoke to him about this in 2014. “The brain 
seems to respond to diminished sensory 
input by creating autonomous sensations of 
its own choosing.” This was noted soon after 
the second world war, he said, when it was 
discovered that high-flying aviators in 
featureless skies and truck drivers on long, 
empty roads were prone to hallucinations. 

Now researchers believe these unreal 
experiences provide a glimpse into the way 
our brains stitch together our perception of 
reality. Although bombarded by thousands 
of sensations every second, the brain rarely 
stops providing you with a steady stream of 
consciousness. When you blink, your world 
doesn’t disappear. Nor do you notice the hum 
of traffic outside or the tightness of your socks. 
Well, you didn’t until they were mentioned. 
Processing all of those things all the time 
would be a very inefficient way to run a brain 
(see “Out of touch”,  left). Instead, it takes a few 
shortcuts. 

Let’s use sound as an example. Sound waves 
enter the ear and are transmitted to the brain’s 
primary auditory cortex, which processes the 
rawest elements, such as patterns and pitch. 
From here, signals get passed on to higher 

You are constantly hallucinating. If and when 
failing senses turn down the dial on your vision 
or hearing, your brain fills in the missing pieces 
to keep the world around you in line with 
expectations. When this model diverges too 
far from reality, you get hallucinations. Studying 
the phenomenon has revealed just how much 
of the world our brain is constantly making up. 

But not all your senses work this way. In fact, 
the opposite seems to be true of touch. Your skin, 
after all, is never short of sensory input: from the 
chair under you to the tag in your sweater. 

REVERSE HALLUCINATIONS
To cope with this onslaught while still being 
able to guard against real threats, your brain 
has a formula to decide which require attention. 
Touches that are rapid – 250 milliseconds apart or 
less – are dismissed, so away go the chair and the 
sweater tag. Your tactile brain is in the grip of a 
constant “reverse hallucination”. It feels nothing 
even though there is actually a lot going on.

For most people, anyway. Research is 
revealing that people with schizophrenia can’t 
do this reverse hallucination trick. John Foxe 
at the University of Rochester in New York got 
30 participants to wear a bracelet that vibrated 
at various intervals. Foxe expected that the 
brain’s response to the stimuli would be large at 
first and then taper off, obeying the standard 
formula. But people with schizophrenia were still 
aware of the vibrations long after the rest had 
become inured. They were feeling things that, 
to everyone else, were no longer there.

Such finding are causing some to re-examine 
schizophrenia, not as a condition of impaired 
cognition but as a sensory disorder. Impaired 
sensory processing plays a far larger role than 
anyone thought, Foxe says. 

The findings also imply that the brains of 
people with schizophrenia aren’t that different 
from other people’s brains. “The brain likes a 
world that makes sense, so it tends to make up 
stories to explain weird experiences,” says Dan 
Javitt, a psychiatrist at Columbia University in 
New York. That goes some way to explaining why 
case studies of tactile hallucinations in people 
without schizophrenia so often involve insects.
Many of these cases start when someone has
been taking a non-prescribed stimulant, wh
may disrupt the brain’s ability to turn off the
sensory input. Then they explain the new t
hyper-awareness using a familiar culprit.

While tactile hallucinations are less co
than their auditory or visual cousins, they
fundamentally a similar mechanism: the
decides what you will see, feel and hear
irrespective of what’s happening around

Carrie Arnold

OUT OF 
TOUCH

“ Our reality is merely a 
controlled hallucination 
reined in by our senses”
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brain regions that process more complex
features, such as melody and key changes.

Instead of relaying every detail up the
chain, the brain combines the noisy signals
coming in with prior experiences to generate
a prediction of what’s happening. If you hear
the opening notes of a familiar tune, you
expect the rest of the song to follow. That
prediction passes back to lower regions,
where it is compared to the actual input,
and to the frontal lobes, which perform a
kind of reality check, before it pops up into our
consciousness. Only if a prediction is wrong 
does a signal get passed back to higher areas, 
which adjust subsequent predictions.

You can test this for yourself. Anil Seth,  
a cognitive and computational neuroscientist
at the University of Sussex, UK, suggests 
listening to sine-wave speech, basically a 

While none of us would want to experience 
hallucinations as intrusive as those associated 
with schizophrenia, you might be intrigued to 
sample a little of what your brain can get up to 
when running riot. To dip your toes into the 
waters of altered sensory perception, try the 
Ganzfeld procedure. All you need is a table tennis 
ball, some headphones and a bit of tape. Cut the 
ball in half and tape each segment over your 
eyes. Make sure you’re sitting in a room that’s 
evenly lit, and find some white noise to listen to 
over your headphones. Sit back and wait for the 
weirdness to start.

and had her rate the intensity of her 
hallucinations throughout. They were at  
their quietest just after the real music was 
played, gradually increasing in volume until 
the next excerpt.

The brain scans showed that during her 
hallucinations, the higher regions that process 
melodies and sequences of tones were talking 
to one another. Yet, because Sylvia is severely 
deaf, they were not constrained by the real 
sounds entering her ears. Her hallucinations 
are her brain’s best guess at what is out there.

The notion of hallucinations as errant 
predictions has also been put to the test in 
completely silent rooms known as anechoic 
chambers. The quietest place on earth is one 
such chamber at Orfield Laboratories in 
Minneapolis, Minnesota. Once inside, you can 
hear your eyeballs moving. People generally 
start to hallucinate within 20 minutes of the 
door closing. But what’s the trigger?

There are two possibilities. One is that 
sensory regions of the brain sometimes  
show spontaneous activity that is usually 
suppressed and corrected by real sensory  
data coming in from the world. In the deathly 
silence of an anechoic chamber, the brain may 
make predictions based on this spontaneous 
activity. The second possibility is that the 
brain misinterprets internally generated 
sounds, says Oliver Mason at University 
College London. The sound of blood flowing
through your ears isn’t familiar, so it could
be misattributed as coming from outside you. 
“Once a sound is given significance, you’ve got 
a seed,” says Mason, “a starting point on which 
a hallucination can be built.”

Not everyone reacts the same way inside
an anechoic chamber. Some people don’t 
hallucinate at all. Others do, but realise it was 
their mind playing tricks. “Some people come 
out and say ‘I’m convinced you were playing 
noises in there’,” says Mason.

Understanding why people react 

degraded version of a speech recording.
The first time all you’ll hear is a jumble of
beeps and whistles. But if you listen to the
original recording and then switch back to
the degraded version, you will suddenly be
able to make out what is being said. All that
has changed is your brain’s expectations of the 
input. It means it now has better information 
on which to base its prediction. “Our reality,” 
says Seth, “is merely a controlled hallucination, 
reined in by our senses.”

This idea is consistent with what was 
happening to Sylvia. Although she was mostly 
deaf, she could still make out some sound – 
and she discovered that listening to familiar 
Bach concertos suppressed her hallucinations. 
Timothy Griffiths, a cognitive neurologist at 
Newcastle University, UK, scanned Sylvia’s 
brain before, after and while listening to Bach, 

PING-PONG
PERCEPTION
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UNDER THE INFLUENCE

Hallucinations can be difficult to study, given
their subjective nature and the fact that they
often occur as a result of medical conditions.
However, you can study one kind of hallucination
very easily, as long as you can convince people to
take drugs in the name of science. As it turns out,
it’s not that difficult.

It’s been known for centuries that certain
drugs can induce hallucinations, either
spontaneously or after chronic use. But
only recently have we discovered how these

nces are produced. David Nutt and his
ues at Imperial College London gave

ople LSD or a placebo and then scanned
ir brains. The scans showed that the

lunteers’ hallucinations arose from the
combined activity of brain regions that don’t
normally communicate with each other. Regions
responsible for vision, attention, movement
and hearing became far more connected, while
networks thought to give us an appreciation of
the self became less so. That may be why people
who take LSD often say they feel their sense of
self disintegrating, instead becoming more at
one with the world around them.

So are LSD-induced hallucinations similar
to those that appear in psychosis or after the
loss of a sense? It seems that all hallucinations
involve some disruption of networks that usually
perform a kind of reality check (see main story).
Regardless of the cause, all hallucinations result
partly from the brain relying too heavily on its
internally generated sensations, misclassifying
these as coming from the outside world.

differently to a diminished sensory
environment could reveal why some are more 
prone to the delusions and hallucinations 
associated with mental illness. We know that 
electrical messages passed across the brain  
are either excitatory or inhibitory – meaning 
they either promote or impede activity in 
neighbouring neurons. In recent experiments, 
Mason’s team scanned the brains of volunteers 
as they sat in an anechoic chamber for 25 
minutes. Those who had more hallucinatory
sensations had lower levels of inhibitory 
activity across their brain. Perhaps, says 
Mason, weaker inhibition makes it more 
likely that irrelevant signals suddenly 
become meaningful. 

People with schizophrenia often have 
overactivity in their sensory cortices, but poor
connectivity from these areas to their frontal
lobes. So the brain makes lots of predictions
that are not given a reality check before they
pass into conscious awareness, says Flavie 
Waters, a clinical neuroscientist at the 
University of Western Australia in Perth.  
In conditions like Charles Bonnet syndrome,
it is underactivity in the sensory cortices that
triggers the brain to start filling in the gaps,
and there is no actual sensory input to help 
it correct course. In both cases, says Waters,
the brain starts listening in on itself, instead
of tuning into the outside world. Somet
similar seems to be true of hallucinati
associated with some recreational dr
(see “Under the influence”, right).

As these insights help us to solve the
puzzle of perception, they are also providing
strategies for treating hallucinations.
People with drug-resistant schizophrenia
can sometimes reduce their hallucinatory
symptoms by learning how to monitor
their thoughts, understand the triggers and
reframe their hallucinations so that they see
them in a more positive, and less distressing,
light. “You’re increasing their insight and their
ability to follow their thoughts through to
more logical conclusions,” says Waters. This
seems to give them more control over the
influence of their internal world.

This kind of research is also helping people
like Livesey reconnect with the external world.
If his phantosmia, or smell hallucinations, are
driven by a lack of reliable information, then
real smells should help him to suppress the
hallucinations. He has been trialling sniffing
three different scents, three times a day.
“Maybe it’s just wishful thinking,” he says,
“but it seems to be helping.”

The knowledge that hallucinations can be a
byproduct of how we construct reality might
change how we experience them. In his later
years, Sacks experienced hallucinations after
his eyesight began to fail. When he played the
piano, he would occasionally see showers of
flat symbols when he was looking carefully at
musical scores. “I have long since learned to
ignore my hallucinations, and occasionally
enjoy them,” said Sacks. “I like seeing what
my brain is up to when it is at play.” ■

Helen Thomson is a consultant for New Scientist

Most of the time our brain’s predictions 
of the world are reality-checked before 
they pop into our awareness

exp
col

20 p

hing
o

 use

D
A

N
IE

L 
T

IS
CH

LE
R

/P
LA

IN
P

IC
T

U
R

E

R
G

B
 V

EN
T

U
R

ES
/S

U
P

ER
S

T
O

CK
/A

LA
M

Y



5 November 2016 | NewScientist | 33

O
N 2 December 1853, Orson Shattuck set
sail from his home port of New Bedford,
Massachusetts, to hunt for whales. Over

the next three years, he and the crew of the
Eliza F. Mason would travel as far afield as the
south Pacific, the Arctic Ocean and the Sea of
Japan. During that time, Shattuck witnessed
fighting, flogging and desertion. There were
accidental fires on board, and a sail-ripping
collision with another boat. One man had
his leg amputated after breaking it in a fall.
Another got a bucket of water thrown in his
face for sleeping on the night watch. A sperm
whale tried to eat one of the whaling boats.
On 12 May 1856, Shattuck himself very nearly
died when his steering oar broke and he was
catapulted into the sea.

We know all this because Shattuck was the
ship’s log-keeper. More than 5000 logbooks
and journals exist from the era of North
American commercial whaling. They give a
remarkable insight into life at sea, but also
meticulous detail on which whale species
were present where and when. By digitising
some of these treasures, a new project aims
to use the hunters’ records to shed light on
historical populations and migration patterns –
and so inform conservation efforts today.

European settlers began whaling off North
America’s east coast in the mid-17th century,
moving into deeper waters from the 1720s as
coastal whale numbers declined. In the 1860s,
the US whaling industry began to shrink in
the face of foreign competition and reduced
demand for whale oil. But continued
unsustainable hunting eventually pushed
some species to the brink of extinction,
prompting a voluntary moratorium on
commercial whaling in 1986.

From the 1700s to 1920, a period that covers
the heyday of large-scale whaling, there were
some 15,000 voyages, typically with 20 to
35 men aboard each ship. The logbook, in some
instances illustrated to detail individual hunts
(see picture, page 34), was the official record. 
“Every single voyage has some element of 
drama to it,” says Michael Dyer at the New 
Bedford Whaling Museum. Sickness was rife 
and accidents were common. “People were 
forever dying,” says Dyer. Often, logbook 
entries recounting deaths are outlined in black, 
or have a coffin symbol stamped in the margin.

When whales were spied, crew members 
would lower up to five small boats into the 
water, with six people commonly aboard each: 
five to row and one to steer. The steerer often 

There she blew!
Records of where whales were once 
hunted could help conserve them today, 
finds Lesley Evans Ogden 
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Centuries of hunting for oil and blubber 
devastated whale populations
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harpooned the whale. Sometimes the log-
keeper noted that the crew “struck and drew”
or “struck and sunk”: the harpoon didn’t hold
fast and the whale either swam away or sank,
fatally wounded, to the sea floor. Other times
the animal “took the line”, swimming off with
harpoon and rope still attached. If a whale was
successfully harpooned, it would be drawn
alongside the main vessel, where the crew
would begin cutting it into pieces to bring
on board. By the late 18th century, on-board
cauldrons were used to boil blubber into oil
for storage in casks. Whalebone, if kept, was
cleaned and bundled up for sale.

Logbooks and journals began to attract
the interest of collectors towards the end
of the commercial whaling era. Some were
eventually donated to museums or historical
societies, including the New Bedford Whaling
Museum. There, archivists and volunteers
have painstakingly digitised more than
3300 logbooks dating right back to the 1600s,
allowing researchers to mine their riches.

Independent researcher Tim Smith is a
pioneer of this approach. A member of the
International Whaling Commission’s scientific
committee off and on since the 1970s, he came
to doubt the methods being used to derive
historical population estimates. So, in 2000,
he began volunteering for a subgroup of the

IWC focusing on historical ecology, and
collaborating with the international Census of
Marine Life to see whether whaling logbooks
could help. They proved to be a huge untapped
resource – but one with inherent limitations.

“You have to look at the data as minimalist,”
says Smith. Some logbooks only record whales
that were killed, whereas others include
whales sighted. Ships were not routinely
equipped with devices that could precisely
measure longitude until the 19th century,
so logbooks from before then are of limited
use. However, locations in the later records
have proved to be quite reliable. We know
this because when ships met at sea, log-
keepers on both vessels recorded the
locations. That has allowed Smith and
others to cross-check coordinates found in 
multiple logbooks and estimate any errors. 
“It’s the first time we’d really had a sense of 
how good the navigation was,” says Smith, 
“and it was surprisingly good.”

Using these estimates, he and his colleagues 
have generated global distribution maps  
of sperm whales, right whales, bowheads, 
humpbacks and grey whales from the 18th  
to 20th centuries (see “Where the wild things 
were”, right). The logbooks have given us a 
particularly valuable window, however, on the 
fate of the three species of right whale – north 
Atlantic, north Pacific and southern – which 
were all devastated by centuries of whaling.

Right whales were easy targets: they earned 
their name because they were considered the 
“right” ones to kill. Unlike some other species, 
they floated conveniently after death. Females 
used sheltered bays for birthing and swam 
slowly with unweaned calves, making them  
a focus for hunts.

Mysterious movements
Before the 1830s, North American and 
European whalers mainly hunted in the 
Atlantic. As populations dwindled there,  
they shifted their attention elsewhere. The 
logbooks reveal that between 1830 and 1850, 
right whale numbers declined precipitously 
first around New Zealand, then in the eastern 
north Pacific, followed by the western north 
Pacific, and finally in the Gulf of Alaska.

Smith and his team have been able to 
reconstruct a surprising chronicle of southern 
right whale movements around New Zealand. 
Previously, only the locations of kill sites were 
known, but by analysing logbooks and other 
sources, the researchers have identified 
unexpected migratory patterns. Instead of 
making long journeys as assumed, the whales 

New Bedford wharf in 
Massachusetts was once the 
busiest in the whaling world
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“Every single whaling voyage had 
some element of drama to it”

The New Bedford logbooks 
are meticulous accounts of 
whaling’s heyday
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undertook a local seasonal migration from  
the Auckland Islands south of New Zealand  
to waters north of the country, then east to 
oceanic ridges before circling back. 

Using Bayesian statistics to account for 
uncertainties in modelling population 
dynamics, Smith and his colleagues have  
also reconstructed the historical abundance  
of these whales. Their analysis suggests  
that before widespread commercial  
whaling, southern right whales around New 
Zealand numbered somewhere between 
29,000 and 47,000 – a range corroborated  
by the genetic diversity we observe today. 
Following 19th-century harvesting, they 
almost disappeared, with mature females 
plummeting to 40 or fewer individuals in  
the early 20th century. None were seen 
between 1928 and 1963. And although 
numbers are now slowly recovering, the 
population still hovers at no more than  
12 per cent of pre-exploitation levels.

Morgana Vighi at the University of 
Barcelona, Spain, has also used logbooks to 
track the fate of southern right whales in the 
south Atlantic. Looking at entries from whaling
grounds off the coast of Argentina and Brazil, 
she charted a decline between 1776 and 1923, 
as well as seasonal north-south and inshore-
offshore movements. “In the early period of 
whaling, the sightings were spread along the 

coastline of South America,” says Vighi. Now
things appear different. Chemical signatures
she has found in modern bone samples from
whales living off Brazil and Argentina suggest
that whaling may have caused a schism,
splitting what was a single population into
northerly and southerly groups.

At the French National Center for Scientific 
Research in Montpellier, Ana Rodrigues and 
her colleagues have estimated historical 
numbers of north Atlantic and north Pacific 
right whales. “The logbooks are an amazing 
data source,” she says. Her team has concluded 
that before commercial whaling, the former 
numbered between 9000 and 21,000, and 
the latter between 15,000 and 34,000. So 
intensively were north Pacific right whales 
hunted that the population crashed after  
1840. “In 10 years, they nearly exhausted the 
entire stock,” says Rodrigues.

“It’s hard to fathom the devastating success  
of whaling,” says Vighi, “when you think about 
the technology – a few men with a very small 
boat, managing sometimes to take three 
whales in a day.” The logbooks lay bare the 
scale of the slaughter, and Smith, Vighi and 
Rodrigues hope that these records will aid in 
today’s conservation efforts. Information 
about regions that were historically important 
to whales, former numbers, and clues to their 
migratory patterns could help calculate target 
population sizes, protect critical habitats and 
assess progress towards recovery. Perhaps 
the devastation of the past can inform the 
recovery of the future, as whale populations 
begin to rebound after centuries of hunting.  ■

Lesley Evans Ogden is based in Vancouver, Canada

FROZEN IN TIME
Historical logbooks from whaling ships don’t  
just hold unique information about their quarry 
(see main story). In the 19th century, with whale 
populations declining coastally and in warmer 
waters, many whaling expeditions voyaged to 
the frigid waters of the Arctic. While doing so, 
their crews carefully noted weather, wind and  
sea ice – observations that are now being tapped 
to model historical sea ice, probe its ecological 
role over time, and understand weather 
variability in the past.

The project, called Old Weather: Whaling, 
is providing valuable information to help forecast 
the effects of climate change. And it’s not just 
scientists and historians who are contributing to 
the effort. Human eyes are far superior to digital 
readers in making sense of the handwritten logs,  
so researchers are seeking the assistance  
of citizen scientists. Many of the logbooks are 
online at whaling.oldweather.org for anyone to 
view and transcribe.

Where the wild things were
Entries in a sample of US whaling logbooks reveal where various species were spotted or caught between 1780 and 1920

Sperm whales Right whales Bowhead whales Humpback whales Grey whales

SOURCE: PLOS ONE, DOI.ORG/BRSK
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This is an extract from The Origin of (Almost) 
Everything, our new illustrated book with an 
introduction by Stephen Hawking

Breakfast: fibrous and bitter leaves; 
fruit. Lunch: bark; fruit; raw monkey meat and brains. 
Dinner: grubs; leaves; fruit.

No, not the latest food fad from Hollywood, but the 
diet of our closest living relatives, the chimpanzees. 
It is not exactly appetising or varied. We, on the other 
hand, have thousands of foodstuffs to choose from, 
and also an incredibly versatile range of techniques 
for altering their chemical composition through the 
application of heat. In other words, cooking.

Cooking is ubiquitous in humans. All cultures, from 
the Inuit of the frozen Arctic to the hunter-gatherers 
of sub-Saharan Africa, are sustained by food that has 
been chemically and physically transformed by heat. 
It was an incredible invention. Cooking makes food 
more digestible and kills off the bacteria that cause 
food poisoning. But where and when it started is  
hotly debated. You might call it a food fight.

No food without fire
Cooking cannot happen without fire, so the answer 
might be found by looking for evidence of the 
control of flames. This is an incendiary topic, as fire 
is a tricky thing to identify in the archaeological 
record. The evidence has literally gone up in smoke, 
and the remains of a deliberately lit fire are hard to 
distinguish from those of a natural one caused by 
lightning. This is why archaeologists look for signs 
of fire in caves.

Traces of ash found in the Wonderwerk cave in 
South Africa suggest that hominins were controlling 
fire at least 1 million years ago, the time of our 
direct ancestor Homo erectus. Burnt bone fragments 
also found at this site suggest that Homo erectus 
was cooking meat. However, the oldest remains of 
obvious hearths are just 400,000 years old.

The Neanderthals who evolved from Homo erectus 
some 250,000 years ago certainly created fires, as 
hearths have been found at many Neanderthal sites, 
some containing burnt bones. We also know from 
analysing their dental plaque that Neanderthals 
spiced up their diets with herbs. But we don’t know 
whether they habitually cooked their food.

 The earliest firm evidence that our own species 
was cooking dates back just 20,000 years, when the 

What was the 
first cooked meal?

Browned off
One of the most important processes
in cooking is the Maillard reaction,
named after the French chemist
who described it in 1912. A reaction
between sugars and amino acids, it is
what creates the brown compounds
that make meat, toast, biscuits and
fried foods so delicious. Humans
generally prefer food that has
undergone the Maillard reaction.

From an evolutionary perspective
this is hard to explain. The Maillard
reaction makes food – especially meat
– less digestible, destroys nutrients
and produces carcinogenic chemicals.
It may be that the other benefits of
cooking food massively outweigh
these detriments, and so we have
evolved to prefer browned food. But
that doesn’t explain why it is also
preferred by great apes, which can’t
cook and won’t cook.
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first pots were made in China. The scorch marks 
and soot on their outer surfaces point to their use 
as cooking utensils. But all in all, archaeological 
evidence doesn’t paint a clear picture. We need to 
look elsewhere.

Around 1.9 million years ago some major changes 
occurred in hominin biology. Compared with its 
ancestors, Homo erectus had very small teeth,  
a small body and a much larger brain. According 
to a controversial hypothesis put forward by 
primatologist Richard Wrangham, these changes  
were driven by cooked food. In fact, Wrangham 
believes that cooking drove our lineage’s divergence 
from more ape-like ancestors and that the bodies of 
Homo sapiens couldn’t exist without cooked food.

To understand why, imagine eating the same 
diet as a chimpanzee. To gain enough calories to 
fuel your energy-guzzling brain, you would have 
to devote almost all of your daylight hours to 
searching for food. Chimps forage more or less 
continuously; gorillas and orangutans eat for 
nine hours a day.

Weak jaw
We’d probably have to eat for even longer. Our brains 
are more than twice as big, and our intestines are far 
too small to retain low-quality raw food long enough 
to digest it properly. In fact, our guts are just 60 per 
cent of the weight expected if we were a great ape of 
similar stature.

Our small teeth and jaws tell a similar story. 
They are too small for the task of grinding down 
large quantities of tough raw food. Compared with 
earlier hominins such as Homo habilis, modern 
humans, Neanderthals and Homo erectus all have 
small teeth relative to their body size. To Wrangham, 
these morphological features are adaptations to 
cooking that arose around 1.9 million years ago.

Cooking certainly changed our ancestors’ lives for 
the better. Heat makes food softer, so less time is 

needed for chewing. It also releases more calories. 
Mice fed cooked food get fatter than those fed 
equivalent raw calories. Heat-treated food is also 
safer. Scavenged meat has high levels of pathogens. 
Roasting it on hot coals kills off germs that cause  
food poisoning. Another benefit of cooking is that 
it makes otherwise inedible foods, such as tubers, 
edible. And it frees up time to do more interesting 
things than just finding food and eating.

Food usually tastes nicer when cooked. We cannot 
know if our ancestors appreciated the difference, but 
studies with apes found that they prefer their food 
cooked, choosing baked potatoes, carrots and sweet 
potatoes over raw ones most of the time.

Don’t eat it all at once
Cooking requires cognitive skills that go beyond 
controlling fire, such as the ability to resist the 
temptation to scoff the ingredients, patience, 
memory and an understanding of the transformation 
process. Recent experiments with chimps found that 
they have many of the cognitive and behavioural 
skills needed for cooking – and therefore it’s likely 
that Homo erectus did too.

There are, however, flaws in the cooking hypothesis. 
Many of the adaptations attributed to cooked food 
such as large brains could have arisen through an 
increase in raw meat consumption. The disconnect in 
time between the biological evidence and the control 
of fire is another stumbling block.

But whenever cooking was invented, it has evolved 
into one of the most varied and inventive elements 
of human culture. We cook thousands of different 
types of animal, plant, fungus and algae using a 
dazzling array of techniques. We spend far more 
hours planning and preparing food than actually 
eating it, and then sit down to watch programmes 
about it, hosted by people who have become 
millionaire household names. We cook, therefore
we are. 

Raise a toast to the 

Maillard reaction

>



Cooked food is easier to digest and extract calories from, which 

was probably an important factor in human evolution after our 

ancestors invented cooking about a million years ago.

Get stuffed

Digestibility
100%

80%

60%

40%
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0%

99%

47%

Green banana

98%

32%

Potato

94%

65%

Egg

DIGESTIBLE

DIGESTIBLE
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96%

71%

Wheat

99%
93%

Barley

91%

80%

Pea

75%

96%

Oats

People on a raw vegetarian 

diet report persistent hunger 

despite eating frequently 

and usually have a lower BMI 

than vegetarians who eat 

cooked food

What about meat?
Cooking causes meat to lose calories due to fat melting 

out. But it also becomes easier to digest and less likely to 

cause food poisoning, which probably compensate.

 

Digesting raw meat is difficult, using up about a third of the 

energy you have just consumed. In experiments with pythons, 

cooking meat reduced the cost of digestion by 13 per cent.

Mice fed a 100 per cent meat diet lose weight,  

but if the meat is cooked they lose it more slowly.

COOKEDRAW COOKEDRAW COOKEDRAW COOKEDRAW
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I
T’S a fittingly bright California morning
when Félicie Albert meets me. We’re outside
the National Ignition Facility (NIF), the

building that houses the world’s most
powerful laser. The intimidating force of
armed guards is just part of the scenery when
you’re using such potent devices to study the
extreme states of matter found in the molten
hearts of planets and the nuclear furnaces of
stars. “It’s a hot, dense matter – which is a very
tricky state,” says Albert. “It’s not condensed
and cold, it’s not quite a plasma... it’s really
hard to describe.”

Inside, she shows me the giant laser.
NIF’s cavernous interior, the size of three
football fields, is an organised tangle of
amplifiers, optics and tubes that shape,
smooth and focus 192 beams of light onto
a peppercorn-sized fuel capsule. The laser,
which switched on in 2009, can generate
and release a 500-trillion-watt pulse in
just 20 billionths of a second, creating
temperatures of more than 100 million °C and
pressures exceeding 100 billion atmospheres.

The capsule, containing hydrogen isotopes,
sits in a spherical target chamber (pictured,
top right). Its science-fiction looks bagged it
the role of the warp core of the USS Enterprise
in Star Trek: Into Darkness. When the laser
fires, Albert tells me, the building reverberates
with a loud, rumbling hum. And its collision
with the fuel capsule generates so much
radiation – mostly X-rays – that anyone
standing near the target chamber would be
in trouble. “You wouldn’t vaporise, but you’d
have some serious health problems,” she says.

The laser is always fired in the presence
of a supervising physicist who diagnoses
problems and aborts the shot if necessary –
a role Albert has played many times. NIF has
yet to achieve the “ignition” of its name by

sparking a fusion reaction that releases
so much nuclear energy it becomes self-
sustaining. If it does, it would be a key step to
developing clean, sustainable nuclear energy.

When Albert is not at NIF, she is often at
the Jupiter Laser Facility, which, like NIF, is on
the campus of Lawrence Livermore National
Laboratory. We head over there to see a laser
called Titan. After stepping through an
automatic shoe-duster – laser optics don’t
like dirt – we enter the Titan War Room, where
scientists sit near tables strewn with “brain
food” like gummy bears, Cheez-Its and
Mountain Dew, planning a calibration shot.

Albert’s speciality is harnessing high-energy
radiation to take pictures of what’s going on at
the atomic level in extreme states of matter,
and she’s busy getting Titan up to the task.
Unlike the NIF laser, which needs almost
24 hours to reset after a single shot, Titan can
fire multiple pulses in a day, including tandem
shots fired in quick succession.

Albert is using a technique called laser
wakefield acceleration to coax Titan into 
generating betatron X-rays. For this, you fire a 
laser pulse into a jet of helium gas to create a 
plasma in which electrons are accelerated over 
very short distances to near light-speed. 

I illuminate the
insides of stars
Félicie Albert pushes the frontiers of physics, using lasers
to explore the most extreme forms of matter known to
nature. She lets Nadia Drake into her high-security lab

Clockwise from above: 
Félicie Albert inside the 
Titan laser machinery, 
the main target chamber 
of NIF, a gas jet from 
Titan, and laser optics

PEOPLE
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At this speed, they emit a super-short burst of
X-rays. But Titan’s fastest pulse, despite taking
just 1 trillionth of a second, is still too sluggish:
the ideal duration for creating betatron X-rays
is less than a twentieth of that. “I’m trying to
find out if I can make Titan produce betatron
X-ray emissions with slightly longer laser
pulses,” Albert says.

Achieving this would allow her to carry
out “pump-probe” experiments. In these,
the first of a pair of laser pulses make those
special X-rays, which are in turn used to take
snapshots of the high-energy exotic matter 

created by the second pulse. Think of it as the
ultimate in high-speed photography. “This is
the timescale of phenomena that happen at
the atomic level,” Albert says. Laser wakefield
acceleration also holds the promise of
shrinking particle accelerators from
mammoth machines to desktop devices.

As we talk, an automated voice comes over
the tannoy. “Charging for laser shot in Titan
target area. Leave the laser bay and the Titan
target area. Firing Titan shot in 3… 2… 1.” We
wait a bit, then cover ourselves in clean-room
garb and I finally get to meet Titan. Unlike NIF,

it fits inside a normal-sized room, and the
scientists working on it can configure it
themselves, rather than relying on a team of
mechanics. “Physically, it can be tough, but
I prefer hands-on work,” Albert says. And to
make the most of her allotted time with the
lasers, she often works 18-hour days for weeks
at a time, regularly crawling around inside
or underneath them. But then, when you’re
dealing with some of the most powerful lasers 
in the world, intense focus is essential. ■

Nadia Drake is a science writer in San Francisco
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Decoding Chomsky: Science and 

revolutionary politics by Chris Knight, 
Yale University Press, £18.99

WE ALL speak the 
same language, 
according to the 
linguist Noam 
Chomsky.  
A Martian 
scientist, he has 
observed, “might 

reasonably conclude that there is 
a single human language, with 
differences only at the margins”.

 To Earthlings, however, such 
differences often look anything 
but marginal. For some, they are 
barriers to be overcome. But for 
many others, they are borders  
to control and identities to be  
kept apart.

Following the UK’s referendum 
vote to leave the European  
Union, there were a number of 
incidents that raised fears about 
xenophobic hostility. In one, a 
foreign-born student was stabbed 
in the neck with a broken bottle 
after a group of men heard him 
speaking his native language. 
“One of them said he had a 
daughter living round the corner
and he didn’t want her to hear us 
talking Polish,” the victim told 
The Independent.

Presented with the idea that a 
man should use potentially lethal 
force to protect his child from the 
mere sound of a foreign language, 
drifting through the air on a warm 
summer night, the Martian 

scientist might reasonably  
decide to look farther afield for 
intelligent life. Earthling scientists 
studying languages don’t have 
that option. They have to create 
hypotheses and theories from the 
stuff of hotly disputed beliefs and 
values. Language research may 
need to be screened from its 
implications and the passions 
they arouse.

Researchers have devised 
different ways to create firebreaks 
between values and data. According 
to anthropologist Chris Knight, 
Chomsky’s strategy was as radical 
as his politics – and he developed 
it in order to enable himself to 
sustain his left-wing political 
commitments. 

In his new book Decoding 
Chomsky, Knight (who mounts  
his own critique from a position 
on the radical left) argues that 
Chomsky needed to deny any 
connection between his science 
and his politics in order to  
practise both while based at  
the Massachusetts Institute

of Technology, an institution
that was heavily funded by the  
US military.

This required detaching 
language from society altogether.
Chomsky built an idealised model
of language, stripped of its social 

fabric and removed from the
hands of the anthropologists
who had traditionally provided
linguistic data. “If language
could be reduced to pure
mathematical form – devoid of
human significance – its study
could be pursued dispassionately,”
Knight observes, “as a physicist
might study a snowflake or an
astronomer some distant star.”

It takes resolve to keep this
most human of faculties detached
from the shared experience of
being human, but Chomsky
did not hesitate to deny that the 
raison d’être of language is social.
Language “is not properly 
regarded as a system of 

communication”, he declared.
“It is a system for expressing 
thought, something quite 
different.” In this view of 
language, other people are 
peripheral. As far as Chomsky is 
concerned, says Knight, language 
“exists for talking to just one 
person – yourself”. Other workers 
in the field do not deny the social 
implications of their studies,  
but opt to leave them unspoken. 

One of the most energetic
research programmes in
the science of language is 
investigating the possibility that 
bilingualism boosts the efficiency 
of the brain and protects it from 
deterioration in later life. It 

CULTURE

Stand up and 
be counted

Should researchers come clean on their values? 
Marek Kohn draws lessons from linguistics, a 
field where passions run high

“Chomsky needed to deny 
any connection between 
his science and his politics 
in order to practise both”
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developed around the hypothesis
that the brain of someone who
knows two languages has to
choose constantly between them,
and that this exercise boosts its
powers of control.

More recently, however, the
claims of a bilingual cognitive
advantage have been challenged,
and it has become a conflict zone
in the “reproducibility crisis”
that has thrown all kinds of
psychological findings into
question. Now it’s not just the
values that are controversial –
even the facts are.

The journal Cortex published
a series of papers on the row last 
year. Tellingly, it was the leading 

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

sceptics, Kenneth Paap at San 
Francisco State University, and  
his colleagues, who made a point
of stating their belief “that the 
advantages of bilingualism across
a host of personal, economic, 
social, and cultural dimensions 
overwhelmingly preponderate 
any disadvantages”. In a follow-up
article they pointed out, also 
tellingly, that only one contributor,
Virginia Gathercole, at Florida 
International University, Miami, 
mentioned the debate’s socio-
political overtones.

Their declaration showed that if
you want to support bilingualism
but don’t consider that your stance
has a sound scientific basis, you 

Chomsky’s model of language
stripped it of its social fabric
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have no option but to reveal at
least a hint of your values in
your scientific discourse. It also 
suggested a reluctance among 
scientists to admit even a hint of 
their social context.

Gathercole herself recalled  
how in the early 20th century, 
growing nationalism in the  
US created political pressure 
against bilingualism – and how 
researchers added to that pressure
with claims that bilingualism 
caused “mental confusion” 
among immigrants. One 
unspoken issue in the current 

controversy, she observed, is
“undoubtedly some concern”
that it could reverse the “positive 
press” bilingualism has enjoyed 
as a result of the claims of 
cognitive benefits.

Whatever the researchers’ 
concerns or intentions, the 
significance of the “bilingual 
advantage” idea is that it appears 
to take bilingualism out of 
politics. If you propose that a 
society benefits from having
more than one language, you
will provoke some resistance,

resentment and rage. But if you
argue that brains benefit from 
having more than one language, 
especially through reduced 
vulnerability to dementia, 
nobody could possibly counter 
that this is undesirable. 

Improvements in health  
and cognitive performance are 
unarguably good things – and so 
they are politically significant, 
despite appearing apolitical.  
If they become scientifically 
established, they will offset the 
arguments of those who object to 
bilingualism on other grounds.

If not… well, as someone
who writes about science rather 
than actually doing it, I’d be 
disappointed. But I have already 
taken comfort from the sceptics’ 
readiness to affirm bilingualism’s 
advantages in other areas. 

Trenchant and compelling as 
Knight’s critique of Chomsky is, 
few scientists would follow him 
all the way to his concluding 
vision of science united with 
revolutionary politics. But maybe 
it wouldn’t hurt for researchers to 
hint at their personal values. After 
all, as climate scientists know only 
too well, they will be suspected of 
bias however strictly they stick to 
the data.  ■

Marek Kohn is a writer based in 
Brighton, UK

“In the early 20th century, 
growing US nationalism 
created political pressure 
against bilingualism”
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Future Humans: Inside the science

of our continuing evolution by Scott
Solomon, Yale University Press, £20

UNCERTAIN times
bring thoughts of
human futures.
Amid the fever of
change that was
Victorian England,
H. G. Wells wrote
The Time Machine,

in which humans had diverged
into subterranean, orc-like
Morlocks and the elfin, forest-
living Eloi. The cold war 1960s
saw the arrival of Marvel’s
superpowered X-Men mutants,
and, in 2009, the huge success of
Avatar revealed that a surprisingly
large number of people secretly
wanted to be blue, 4 metres tall
and have a telepathic ponytail.

But what does the future hold
for ordinary mortals, and how will
we adapt to it? Given our genome
and the physiological, anatomical
and mental landscapes it
conjures, what could Homo
sapiens really become – and what
is forever beyond our reach?

Scott Solomon’s Future Humans
has only partial answers to these
fascinating questions. Anyone
expecting an analysis of how we
might adapt to climate change’s
options of aridity or inundation
will be disappointed. Likewise, he
does not explore how our history
as a competitive but group-living
primate might limit our capacity
to develop strategies to cope
with future challenges. Nor does 
he mention the evolutionary 
potential of switching on ancient 
genes to unlock long-unused 
options, and he sidesteps a

discussion of the good-or-bad 
potentials of gene therapy.

Instead, Solomon focuses on 
our understanding of human 
evolution: what happened and 
how we know it did. He doesn’t 
want to speculate, but to show 
what we know about how humans
can change across generations in
genuinely heritable ways. 

Surprisingly, perhaps, such an
effort is absolutely necessary. The
idea that humans have stopped 
evolving is widespread, and has 
been supported by luminaries as 
diverse as Ernst Mayr, Stephen J. 
Gould and David Attenborough. 
Yes, the argument goes, humans 
changed in the past: skin colour 
was originally highly adaptive, 
linked via vitamin D synthesis to 
the need to avoid developmental 

abnormalities in the fetus. True, 
they say, adaptations to high-
altitude oxygen poverty have 
arisen three times, each with a 
very different solution. And 
reversing lactose intolerance so 
adult humans could access the 
calcium and protein richness of

dairy products is such a good
idea it evolved twice. 

But that was then, before the 
industrial revolution and the 
internet and the ability to swap 
online data with a potential 
partner from the other side of the
world. Now, the argument goes, 

antibiotics, healthcare, abundant 
food and an absence of predators 
mean humans are in stasis. 
Evolution has effectively stopped. 

But as Solomon points out, 
when we succeed at the extremely 
tricky business of separating out 
cultural and genetic effects, the 
science shows heritable changes 
in such things as the age of having 
a first child and the onset of 
menopause. We are also evolving 
resistance to malaria and HIV. On 
the downside, our beautifully 
coadapted microbiota is being 
hammered by antibiotics and 
ambient chemicals. The changes 
are subtle and not externally 
obvious, but they are there. 

We know that mammals can 
diverge into strange and amazing 
forms when the need arises, as the 
extant water opossum and aye-
aye, and sadly extinct marine
sloth and dwarf elephant show
so splendidly. As for our species, 
Solomon considers dark-skinned, 
light-boned, space-going humans 
within the realms of possibility.

Here on Earth, though, with its 
potential for supervolcano and 
asteroid-driven mass extinctions 
(never mind what we do to help 
the process along), the book only 
offers hints about how humans 
might fare.

Nevertheless, it is enjoyable and 
well researched, and beautifully 
clarifies the fact that larger 
populations, greater genetic 
interchange and ever-older 
breeding males all greatly 
increase what evolution has  
to work with. But what might 
happen and why is, it seems,  
the subject for another book.  ■

Adrian Barnett is a rainforest ecologist 
at Brazil’s National Institute of 
Amazonian Research in Manaus 

CULTURE

Change is us
Just how far can human evolution go? Adrian Barnett checks out the possibilities

Under pressure, all mammals 
can diverge into new forms

“Our beautifully coadapted 
microbiota is being 
hammered by antibiotics 
and ambient chemicals”
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Are these whales
showing altruism?

From Bob Cory
I do not believe that a humpback
whale that stops killer whales
killing a seal is trying to save the
seal’s life (15 October, p 42). It is
stopping the killer whales from
getting an easy meal.

This has a direct benefit to the
humpback: the killer whales go
hungry and will be weaker if they
intend to attack a humpback calf.

An indirect benefit may be to
make a point: we are in charge and
there are no easy meals round
here – clear off.
Altrincham, Cheshire, UK

From Campbell Wallace
In The Selfish Gene Richard
Dawkins deals with “stotting”
by Thompson’s gazelles. A young
male will leap in the air right in
front of a predator, provoking it to
chase him. This benefits the herd,
because an exhausted predator
is an ineffective predator, and
has been advanced as evidence
of altruism. However, the male
gazelle might benefit, for example
by demonstrating his fitness to
females. Has this been excluded
for the humpbacks?

Or could the killer whales’ calls
simply set off an attack reflex in
the humpbacks?
Redon, France

Biological firewalls
will crash down

From Sam Edge
Ricard Solé proposes harnessing
synthetic biology to fix our planet
(1 October, p 36). He discusses the
“Jurassic Park effect” in which
such engineering goes awry and
concludes that it can be dismissed
because we can “give bacteria a
suicide switch” or because they
can be engineered not to survive
outside a given ecosystem.

This claim smacks of hubris.
We can design “firewalls” to try to

avoid unintended consequences
but, as with all engineering, we
are talking about probability not
certainty. Even non-biological
systems can behave in ways not
predicted by their designers.
Biological ones involving open-
ended self-replication will
inevitably mutate and evolve.
Ringwood, Hampshire, UK

From Steve Last
The “firewall” safety device
designed to prevent genetically-
modified bacteria escaping their
designated environment – for
example by programmed cell
suicide – worries me. Isn’t the
entire theory of evolution
based on organisms adapting
to novel environments through
genetic mutation?
Dunfermline, Fife, UK

Ricard Solé writes:
■ Of course no designed firewall
will behave completely as
predicted. Consider, however,
a microorganism adapted to a
specific food source that strongly
differs from any “natural”
metabolic pathway. How will it
mutate – out of the blue – into
something dangerous?

More respect for
languages please

From Fred Cairns
You had the grace to describe
the impending loss of Al-Sayyid
Bedouin Sign Language as “a
genuine shame” (8 October, p 5).
But you qualified that by limiting
it to “a linguistic perspective”.

It was with anger and revulsion
that I read that “for the deaf
villagers, Israeli sign language is
an upgrade…” I can easily imagine
the same argument being used
against Cherokee, Lakota, Welsh,
Gaelic, Finnish or Czech.

Hebrew having been “brought
back from the dead” gives all the
more reason for its speakers to
have more respect for languages
and cultures presently under

threat, as once their language
and culture was.
Oldham, Greater Manchester, UK

Will no one think
of the Martians?

From Chris Brausch
Lisa Grossman is right to say that
humanity’s energies are better
spent re-terraforming our planet,
rather than Mars (8 October, p 21).
Elon Musk’s fantasies are signs of
that same quest to control and
conquer nature that has driven
us to the point where we might
consider so desperate a fallback
option. Who gave him permission
to bioengineer Mars? Did anyone
consider the Martians?

If there are microbes hidden
under the icy ground of the Red
Planet, will their eradication as
a by-product of “greening” Mars
be just another example of an
indigenous population extirpated
by the human steamroller?
Whakatete Bay, New Zealand

Hey aliens!
We’re over here!

From Aidan Karley
You discuss propelling a probe
to the planet Proxima Centuri b
using a laser (15 October, p 7).
Some light will unavoidably spill
past the sail. If the probe travels in
a straight line, this would alert any
inhabitants to our location as well
as our existence. This idea was
explored in The Moat Around
Murcheson’s Eye by Larry Niven
and Jerry Pournelle in 1993.
Brechin, Angus, UK

We need to know
more about porn

From Alison Merridew
You report research about the
effect of porn on the men who use
it (1 October, p 20). But what about

Treat carbon as a
long-term hazard

From Thomas Traill

Jon Cartwright portrays cracking
methane into hydrogen and
carbon as a way of avoiding the
need to come off fossil fuels
(8 October, p 28). I argue that the 
method fails, because it merely 
delays burning the carbon by 
a few years. My concern is largely 
about the researchers’ optimism 
that “a cheap and abundant 
supply of pure black carbon 
will find its uses, given that the 
element is already in demand for 
nanotechnology, steel production 
and car tyres”.

These products have lifespans 
of decades or less. Even if some 
recycling takes place, almost all 
the carbon will eventually end up 
in waste streams, meaning that 
much of it will rot or be burned –
forming the CO2 we were hoping 
to stop producing.

Perhaps the only plausible  
way to ensure the carbon is not 
burned over geological timescales 
is to bury it deep underground. 
We should resist the temptation 
to sell it as a raw material 
and treat it as a long-term 
environmental hazard akin 
to nuclear fuel rods.
Wesel, Germany
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the effects of this porn-watching 
on their sexual partners?

Particularly among teenagers 
and young adults, this promotes
male-centric beliefs about sex,
for example that it’s the woman’s
role to please the man and that all
women want a man to “give it to 
them”, undermining people’s 
understanding of consent. There 
is a growing body of evidence that
it is affecting the types of sexual 
acts young people are asking their
partners to engage in.

And what of the effects of the 
pornography industry on the
women and men who perform
in porn films, some of whom are 
victims of crime or circumstance?
Lindisfarne, Tasmania, Australia

Take aim, shopping
list, loose arrow…

From Alastair Wright
Caroline Williams discusses the
role of the unconscious in making
decisions (1 October, p 30), It can, 
under certain circumstances, also
control the body. In his book 
Archery: The art of repetition 

Simon Needham says that, having
trained and practised, he does
not concentrate on shooting but 
rather thinks of anything apart 
from shooting. His unconscious 
then draws on all his years of 
archery experience to deliver,  
he says, better scores than his 
conscious mind, limited to the 
here-and-now, can deliver.
Thingwall, Wirral, UK

Making gods in 
technology’s image

From Pam Lunn
Richard Weeks proposes a final 
test of whether our universe is a 
digital simulation, run by beings
in a “higher” universe (Letters,
15 October). We humans have, over
the millennia, invented our gods 
in many and various forms. Often
gods are imagined as powerful
controllers of those aspects of
the material world over which we
have limited control. Farmers had
grain gods, hunters had animal 
gods, seafarers had sea gods and 
warriors had fighting gods.

Homo digitalis, it seems, has 

invented giants of computing 
skill, who have the power and 
knowledge to simulate a universe.
Kenilworth, Warwickshire, UK

Wood, wood, 
glorious wood

From Martin van Raay
Liegh White is keeping a log
burner “with a clear conscience”
(Letters, 15 October). Burning 
wood is not just about carbon 
dioxide. Wood smoke is roughly 
as carcinogenic as tobacco smoke.

I propose we change the goal
of “sustainable energy” to “clean 
energy”. I know of no clean energy
that is not sustainable and 
renewable. Wood is much too 
valuable a resource to burn.
Culemborg, Netherlands

Heated statements
and cold fusion

From Tony Kelly
Michael Brooks reports on a 
possible resurgence of “cold 

fusion” (17 September, p 34).
There must be many others
who feel that Stanley Pons and 
Martin Fleischmann were treated
shamefully in the announcement
of their research (8 April 1989,
p 18). They did not actually
say that they had at room 
temperature in the laboratory
tamed the process that powers
the sun; merely that they had 
achieved what looked like 
significant results. In the ensuing 
debacle they were made to carry 
the can for the University of Utah 
public relations department.

I do think there is every 
prospect of cold fusion being 
achieved in our generation.
Crook, County Durham, UK

The way of least 
embarrassment

From Bruce Denness
Andrew Sanderson recalls Henry 
Miller, professor of neurology at 
Newcastle University, observing
that medical facts have a half-life
of five years (Letters, 8 October). 
This took me back to 1975. Miller, 
by then vice-chancellor,  chaired a 
panel of nine interviewing me for 
a professorship. Several minutes 
into a discourse, I found myself 
rambling. I couldn’t remember 
what the question had been. 
Having no acceptable alternative, 
I admitted that I had forgotten 
what the subject was.

He raised an eyebrow, looked 
around the unresponsive panel 
and said: “So have we. I suppose 
we’d better appoint you to avoid 
embarrassing us all.”
Whitwell, Isle of Wight, UK
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A PARTY of French scientists, perhaps
incredulous that anyone could turn 
their nose up at a ripe Camembert, 
have published a study into the 
neurology of disliking cheese. 

In a poll of 332 people, 6 per cent 
were averse to cheese, and at least 
half said the intolerance ran in the 
family. This suggests a genetic 
mutation has driven a wedge between
them and the cheeseboard (which in 
France boasts almost than 1600 
varieties, the press release notes).  

The researchers placed 15 
halloumi-haters and an equal number
of controls inside an MRI scanner,  
so any feelings of disgust could be 
mapped in the brain. Predictably, the 
part of the brain involved in hunger 
failed to light up when the cheese-
haters could see and smell various 
cheeses, but surprisingly the reward 
centre did light up. 

The scientists suggest this 
indicates the reward centre has 
complementary neurons to register
aversion. Feedback wonders if these
unpatriotic citizens are just denying
their true feelings on fromage.

FROM cheese to crackers:
Feedback has noted that the
debate over Brexit has become
oddly centred on food, from
calls for innovation in jams to
arguments over the supply
of Marmite.

For the sake of completeness,
we are compelled to note that the
UK environment secretary Andrea
Leadsom, appearing at a trade
show in Paris, highlighted the
selling of “jam and biscuits” as the
cornerstone of her department’s
Brexit preparations, with plans
also to export tea to Japan.

Readers will recall that Leadsom
famously had to ask if climate
change was real when she started
her previous role as energy
minister (16 July). Feedback 
wonders if her grasp of geography
is any better. 

RESEARCH carried out for a law firm 
has investigated people’s attitudes
to their digital afterlife, asking them
what legacy they had planned for
their social media accounts.

The survey for Blacks Solicitors
found that those working in scientific
disciplines were most likely to want a
goodbye message sent out on social
media after their death.

What would those requiems say,
Feedback wonders. Your suggestions
please for final status updates from
the great and the good.

DINING in a restaurant, Chris
Shorrock noticed that the table
salt was labelled as “Atlantic” in
origin. Closer inspection of the
label, however, showed that it
had been imported by a Parisian
company from South Africa
where it was packed, which in turn
imported the salt from India, its
point of extraction. “There was
no information on how the
Indians produced the Atlantic
salt,” says Chris.

Appropriately, the company
responsible is Les Menus Du
Monde. Chris is especially puzzled
as he was near Perpignan on the
French Mediterranean coast at the
time, “where salt is still produced
in the nearby salt pans”.

AN ANSWER of sorts may lie in an
email from John Corne, who sends a
photo of some “Himalayan Pink Sea
Salt” he discovered on sale in
Newbury, UK.

“I realise that global warming is
causing sea levels to rise,” says John,
“but last time I checked, the
Himalayas looked quite safe from
the Indian Ocean.”

RECENTLY our colleagues broke
the news that humans may have
a maximum lifespan of 115 years,
with only exceptional individuals
keeping the meter running any
longer (8 October, p 10).

Martyn Ellis finds Halifax Bank
in a more optimistic mood. Their
online form for entering personal
details allows you to set a birth
year of 1866. Nice to know that
someone is catering to our
sesquicentennials.

TO THE satin-draped registry of
celebrity deaths in 2016, we can now
add the doomed ExoMars Schiaparelli

lander, which made a sizeable dent in
the European Space Agency’s budget,
then a much larger one in the surface
of the Red Planet. The probe is now
commemorated in what may be the
saddest disambiguation page on
Wikipedia, where readers searching
for “Schiaparelli crater” will find a note
asking if they want to know about the
ancient Martian geological feature,
or the much more recent hole left by
the lander.

HAVE you ever bought a pair of
socks, only to be frustrated when
one develops a hole or goes
missing? Boy, do we have the
start-up for you. SOLOSOCKS,
based in Denmark, promises a
life of foible-free footwear with a
line of socks that are “all different
but designed to match”.

In the belief anyone with a hole
in one sock will be compelled to
throw away its sibling, the firm
markets itself as “a sustainable
solution to sock waste”.

SOLOSOCKS may be some
kind of Danish Dadaist satire on

consumerist society, yet there’s
no shortage of colourful abstract
patterned single socks on offer
through their website.

Naturally, these are only sold in
packs containing an odd number
of socks. But Feedback wonders,
why not simply buy several pairs
of plain black socks and throw
one away?

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.

We’re into extra time. People in the sports 
industry are “most likely to want their social 
media accounts to remain active when they die” 
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Last words past and present at newscientist.com/lastwordTHE LAST WORD

Resist and multiply
We hear a lot about bugs, flies and 
fungi gaining resistance to pesticides 
and other chemical treatments, 
making such solutions futile. If this 
is the case, shouldn’t humans gain 
resistance to threats such as harmful 
chemicals and bacteria? And if so, 
how quickly?

■  Humans accumulate genetic 
changes all the time, as has 
become obvious through studies 
on whole-genome sequencing. 
These can range from a change to a 
single “letter” of the 3 billion base 
pairs in your genome to alterations 
of whole chunks of DNA. But 
because the human genome is so 
big and complex, many of these 
changes have no discernible 
biological consequences. 

Known adaptations to 
threats include the retention 
among certain populations of 
genes for blood diseases such as
thalassaemia and ovalocytosis, 
which confer some resistance to
the more serious threat of malaria.

However, an advantageous 
mutation can take a long time 
to spread through a population,
because humans live for many 
years and produce relatively few
offspring. This generation time 
plays a key part in determining 
the rate at which a genetic 
change becomes established in 
a population, but genome size 
is also crucial. 

As organisms become less 
complex down the evolutionary
tree, their genomes get smaller. 
Our genetic material encodes 

about 30,000 genes known so far.
Insects like the mosquitoes that 
transmit malaria or yellow fever 
have far fewer. If we then consider
parasites such as some of those 
that cause malaria, these are 
unicellular organisms that have 
around 5300 genes. Bacterial 
genomes are even smaller.

The relevance of this is that the
smaller and simpler the genome,
the more likely it is that changes 
will have biological consequences
and make a survival difference. 
But for the change to have an 
impact in the population, it 
must be propagated through 
subsequent generations. 

The propagation of genetic 
changes depends very much on 
the lifespan of the individuals and
on how many offspring they can 
transmit changes to. Humans 
commonly have no more than a

few offspring in their lifetime,
whereas mosquitoes can lay
hundreds of eggs.

Unicellular parasites, such as
those that cause malaria, have
a life cycle of 48 hours in the
blood. During this time, they
can proliferate exponentially,
so any genetic change that
gives a survival advantage
spreads quickly.

This is why parasites are
notorious for developing
resistance to drugs and
mosquitoes become less

sensitive to insecticides, but we 
humans are slow to adapt to our 
own biological threats.
Alena Pance
The Wellcome Trust Sanger 
Institute
Cambridgeshire, UK 

Rules of attraction 

In my business, we use rare earth 
magnets that are about 32 millimetres
across and 8 millimetres thick. Four of
them will securely hold a 1-kilogram 
device on a working bulldozer. But 
when a delivery of 1000 magnets 
arrives, the package has nearly no 
magnetic field around it. Why is that?

■  When a package of 1000 
magnets is shipped, the magnets
are arranged into cylinders. Each 
cylinder consists of magnets,
such as those in the question,
stacked with the north pole of
one facing the south pole of the
next, because it is impossible to
group them any other way.

The pull of a stack of magnets
is no stronger than that of a
single one. Next, the cylindrical
stacks are packed in a box in such
a way that the polarities of
adjacent ones are in opposite
directions – so the end of the
package will have north and south
poles alternating like the squares
on a chessboard.

The reason for this is so that the
alternating stacks largely cancel
each other out in terms of their
magnetic effect. It would be
hazardous to ship the magnets if
this were not the case.

The ends of the package will 
still exhibit some magnetism, but 
once you add in the thickness of 
packing material, there is only a 
very weak field on the outside of 
the package.
David Emanuel
Tulsa, Oklahoma, US

This week’s 
questions
WHITHER WASPS?
I grow several varieties of soft 
fruit, so I am used to an annual 
battle with wasps. Last year I only 
saw a few small ones. This year I 
have not yet seen any at all. What 
causes yearly fluctuations in the 
wasp population?
Jeff Lander
Whitwick, Leicestershire, UK

THE HOLE STORY  
I found this rock on the beach 
when I was on holiday in Wales.  
It has lots of holes, and I couldn’t 
find any other rock with holes like 
it. What made them? Was it an 
animal or the sea?
Lily Shama (age 7)
Borehamwood, Hertfordshire, UK

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

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

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

Send questions and answers to
The Last Word, New Scientist, 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 smaller and simpler 
the genome, the more 
likely that changes have 
biological consequences”

The latest book of science
questions: unpredictable 
and entertaining. Expect 
the unexpected

Available from booksellers and at
newscientist.com/questioneverything
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