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LEADERS

WE HUMANS are suckers for a
promise that is too good to be
true – especially if it offers a
shortcut to health and longevity.
That is one of the appeals of
“superfoods”, which are sold as
if they contain a magical elixir of
life that will wash away the sins
of an otherwise poor diet and
inactive lifestyle.

It is easy to dismiss such claims
as marketing hype and wishful
thinking. But that is too hasty.
Foods vary in their nutritional
value. Is it possible that some
deserve the title of superfood?

Answering that question turns
out to be very difficult, not least
because the definition is so vague.
Despite thousands of websites
and lifestyle articles devoted to

Good food, but not super

How to keep our dignity

Marketing hype is getting in the way of useful knowledge

superfoods, there is hardly any
published research in peer-
reviewed scientific journals. What
is out there is, more often than
not, industry-funded, published
in alternative health journals and
too eager to jump to scientifically
questionable conclusions.

You can find answers, though,
if you look hard enough.
By picking apart the boldest
superfood claims, comparing
their nutritional profiles with less
exotic fare and talking to experts,
we have come to some evidence-
based conclusions, not all of
which go against the grain (see
page 26). In short: some things
marketed as superfoods are
nutritionally superior to other,
similar foods. Many more are not.

That is valuable knowledge.
But the food industry has no real
interest in helping consumers
sort the chia seeds from the chaff.
The UK imposes legal restrictions
on the use of the “superfood”
label – at least while it is still part
of the EU – but it doesn’t take long
to find products that either flout
the rules or get around them by
juxtaposing words like “super”
and “berry” and letting shoppers
fill in the gaps.

Nutrition scientists have little
appetite for doing the lengthy
and expensive clinical trials that
would furnish clearer answers.
But there is a solution: ban the
term superfood altogether.
It doesn’t mean anything, and it
does more harm than good. ■

EVER since Darwin, some people
have warned that social ills would
soon follow the idea that humans
are no more than a particular
species of ape. If there’s nothing
special about us, why should we
treat people any better than we do
other animals? The stock response
has been to say such worries are
groundless: our sense of morality
appears to have been hardwired
into us by evolution.

Now, new research suggests
that those who have a strictly
biological definition of humans
are subtly less supportive of
human rights, although it doesn’t
claim they are any more likely to
treat others badly (see page 32). 
But if this preliminary result is 
upheld by further research, it will 
come as an unwelcome shock to 
scientific materialists – and as 
ammunition for their opponents. 

Nonetheless, the former must 
hold true to their philosophy, 
especially when that means 
accepting unsettling conclusions. 
To do otherwise would be to stoop 
to the level of those who accept 
only facts that fit their beliefs.  

Rather, materialists should 
focus on building a secular view of 
human dignity. After all, spiritual 
world views haven’t prevented 
outrages. Breaking the link 
between what we are and how we 
are treated might help prevent 
them in future. ■
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IT HAS taken nearly four years,
but now mathematicians are
finally starting to comprehend
a mammoth proof that could
revolutionise our understanding
of the deep nature of numbers.

The 500-page proof was
published online by Shinichi
Mochizuki at Kyoto University,
Japan, in 2012. It claims to validate
the long-standing ABC conjecture,

which explores the fundamental
relationships between numbers,
addition and multiplication –
beginning with the simple
equationa+b= c.

The proof excited
mathematicians, but they
struggled to get to grips with
Mochizuki’s novel “inter-
universal Teichmüller theory”
(IUT), a realm of mathematics he
developed over decades to solve
the problem. A meeting last year
at the University of Oxford that

CAN our health be hacked?
A division of Alphabet, Google’s
parent company, seems to think
so. It has teamed up with drug
firm GlaxoSmithKline (GSK) to
set up a company that will
develop bioelectronic implants.

Galvani Bioelectronics will
receive up to £540 million over
the next seven years. The idea is
that by modifying nerve signals,
tiny devices will be able to fix
health problems – a bit like heart
pacemakers already do. The plan
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ABC proof opens up Zapping illness

UPFRONT

“The magnitude of new 
ideas in Mochizuki’s work 
will take mathematicians 
years to absorb”

was intended to get to grips with 
IUT ended in failure, in part 
because Mochizuki doesn’t want 
to streamline his work to make it 
easier to comprehend.

A second meeting, held last 
month in Kyoto, has proved more 
successful. The breakthrough 
seems to have come from 
Mochizuki explaining IUT in 
person. It was the key part of the 
meeting,” says Ivan Fesenko at the
University of Nottingham, UK, 
who helped organise the event. 
“He was climbing the summit of 
his theory, and pulling other 
participants with him, holding 
their hands.”

At least 10 people now 
understand the theory in detail 
and Mochizuki’s proof has almost
passed peer review, so should be 
published in a journal in the next 
year or so. But it will probably be 
some time before the full impact 
of Mochizuki’s work becomes 
clear. “The magnitude of the 
number of new structures and 
ideas in IUT will take years for the 
math community to absorb,” says
Jeffrey Lagarias at the University 
of Michigan, who was at the  
Kyoto meeting.

is to develop implants that will
connect to the nerves linked to
specific organs. These would be
powered wirelessly and operate
automatically.

“In 10 years’ time, I think it’s
very realistic to imagine that if
you have type 2 diabetes, you
could go to your specialist to have
bioelectronic medical treatment,”
said Kris Famm of GSK, who will
be president of the new firm.
“You’d be sent to a surgeon to have
keyhole surgery to implant the
device, and then go back to the
specialist to have it programmed.”

Zika spreads in Florida
PREGNANT women have been told 

not to travel to what has been called 

a Zika “transmission area” in Florida, 

in the wake of 10 new cases.

Zika primarily spreads through 

bites from tropical Aedes mosquitoes. 

Babies of women infected during 

pregnancy have been born with 

microcephaly and other birth defects.

Last week, four cases of Zika were 

confirmed as having been caught in 

Florida – the first infections in the US 

that aren’t linked to travel outside 

the mainland. These people are 

thought to have contracted the virus 

through mosquito bites in a small 

area of Miami.

As New Scientist went to press, 

10 further cases had been identified. 

The US Centers for Disease Control 

and Prevention (CDC) has advised 

pregnant women to avoid visiting the 

Wynwood area of Miami.

Officials say the area – roughly 

2.5 square kilometres – is large enough 

to provide a buffer around the 

suspected transmission zone. The 

mosquito that spreads Zika travels 

less than 185 metres in its lifetime.

Some have said the area is too 

small. “If you’re pregnant, or think 

you might be pregnant, avoid travel 

to Miami, and possibly elsewhere in 

South Florida,” says Peter Hotez at 

the Baylor College of Medicine in 

Houston, Texas.

However, CDC director Tom 

Frieden argues that there is no 

need to advise avoiding a larger area. 

“There wouldn’t be a technical or 

scientific basis to give a broader 

recommendation,” he says.

–Mosquito control–

New Enceladus explorers sought
A FLEET of robots is poised to take 

over from NASA’s Cassini orbiter in 

the search for life on Saturn’s icy 

moon Enceladus. With Cassini due to 

make a death dive into Saturn next 

year, planetary scientists met in 

Boulder, Colorado, last week to 

discuss its successors. 

Enceladus has an ocean under its 

frozen surface, and spews plumes of 

water into space. But Cassini isn’t 

capable of testing these plumes for 

signs of life. Robotic missions 

discussed at the meeting that could 

pick up where Cassini left off include 

delicate space nets to catch hydrogen 

and organics, probes that will land 

with the force of a bomb to punch 

through ice, and ice-burrowing craft.

“As with any good spacecraft 

mission, [Cassini] leaves us with 

more questions than answers,” says 

Angela Stickle at Johns Hopkins 

University in Baltimore, Maryland. 

“Having more missions will only help 

answer our questions.”
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A DEADLY outbreak of anthrax
among reindeer herders on the
Yamal peninsula in Siberia,
Russia, is being put down to the
thawed corpse of a reindeer or
human.

The outbreak claimed its first
victim this week – a 12-year-old
boy – and some 90 people have
been sent to hospital with
suspected anthrax infection,
more than half of them
children. It is the first outbreak

in the region since 1941.
Investigators from the Russian

army’s elite biological warfare
unit speculate that the outbreak
stems from the thawing of a
reindeer corpse infected by the
Bacillus anthracisbacterium.
Temperatures topped 35°C in a
recent heatwave, which could
have melted the ice, exposing the
corpse to the open air.

The corpse could have infected
other reindeer, spreading anthrax
to herders in infected meat.
Some 2350 reindeer have died,
and 4500 have been vaccinated
to contain the outbreak.

Another possibility is that the 
source is a human corpse from a 

local burial ground, say the
investigators. The herders place
their dead in wooden boxes above
ground, so spores could have been
released by the heatwave and
dispersed by the wind.

To contain the outbreak, the
authorities are vaccinating all
herders at risk in the area and
41,000 reindeer, as well as
burning reindeer corpses.

Anthrax outbreak
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Europe’s kill list

TIME to exit the EU? Thirty-seven
species of mammals, exotic pets,
birds, crustaceans and plants are
officially unwanted in Europe as
of this week, after the European
Commission’s first list of invasive

alien species came into force.
If you’re in the EU and own a

Siberian chipmunk or raccoon, it’s
likely to be your last. The 37-strong
blacklist emerges from the EU’s
invasive alien species regulation,
under which member states must
put in place surveillance, rapid
response and management plans.

“We are acting on a problem
that cannot be ignored as it costs
us over €12 billion every year,”
says Karmenu Vella, European
environment commissioner.
Action was needed at EU level
because invasive species don’t
stop at borders, he says.

Member states don’t have to
eradicate species that are already
widespread, but must prevent
their spread. Pets can be kept until
they die, and shops and zoos have
two years to run down stocks.

The list includes three types
of squirrel, five species of
crayfish, the African sacred
ibis, South American coati and
14 plant species.

60 SECONDS

New whale species
A new species of beaked whale has 

been found in the Pacific. Known to 

Japanese whalers as karasu or ravens, 

the small, black whale has been 

confirmed as previously unknown 

to science. Beaked whales can reach 

12 metres but are difficult to study 

because they rarely breach (Marine 

Mammal Science, doi.org/bm7b).

Crows’ clever tools 
New Caledonian crows are the 

first non-human animals spotted 

using tools to carry objects. Two 

captive individuals were filmed 

slipping a stick into a metal nut and 

a hole in a large wooden ball, 

carrying away both the tool and 

the object (Animal Cognition,  

doi.org/bm92). One possible use 

could be to transport unwieldy 

food items.

Go for launch
Virgin Galactic, the space tourism 

firm, is set to resume tests of its 

SpaceShipTwo spaceplane after 

receiving a launch licence from the 

US Federal Aviation Administration. 

Flights have been on hold since a 

crash in October 2014 killed one of 

the spaceplane’s pilots. The new 

licence doesn’t allow the firm to fly 

paying customers.

Know what you eat
Consumers in the US will soon have a 

better idea of what’s in their food. On 

29 July, US president Barack Obama 

signed a bill requiring companies 

to disclose which foods contain 

genetically modified ingredients. 

Exactly what counts as GM, though, 

is still to be decided.

Oh that’s why
The origins of the female orgasm 

may have been revealed. Examining 

the mammal family tree, researchers 

have suggested it evolved to induce 

ovulation via a hormonal surge 

(Journal of Experimental Zoology, 

DOI: 10.1002/jez.b.22690). Similar 

chemical surges still prompt eggs 

to be released in cats and rabbits.

“Chipmunks, raccoons, 
squirrels and ibises are  
all on the list of animals 
banished from the EU”
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–Icy enigma–

–Under bacterial attack–

THE NHS can legally fund a 
preventative HIV drug, a UK High 
Court ruled this week.

NHS England argued it had no 
legal power to fund pre-exposure 
prophylaxis (PrEP), an anti-
retroviral treatment that has 
proved to be highly successful in 
stopping HIV taking hold in the 
event of transmission. It said 
preventative drugs should be 
funded by a patient’s local 
authority. But on Tuesday a judge 
ruled that NHS England was 
wrong in this case as the drug 
amounted to treatment.

PrEP has been shown to reduce 
the risk of HIV infection by more 
than 90 per cent in people who 
are at high risk. It contains two 
antiviral drugs, which stop the 
virus multiplying. PrEP is already 
taken as a daily pill under the 
trade name Truvada by men and 
women in the US. NHS England 
says it will appeal the decision.

Stop HIV now

“Some 90 people have been 
hospitalised because of 
the outbreak, more than 
half of them children”
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GHOSTLY particles could be
haunting our universe. A new
theory claims that the cosmos is
full of unseen particle families
that don’t interact with each other.
If true, the model could explain
why gravity is so puzzlingly weak.

The idea is an alternative to
supersymmetry, a theory in which
every known particle has a heavier
partner. Such superparticles
would keep the mass of their
partners low enough to account
for gravity’s weakness. But the
particle-smashing Large Hadron
Collider, near Geneva, Switzerland,
still hasn’t seen any superparticles,
despite years of searching.

Maybe that’s because we
need not just one set of partner 
particles, but many, says Nima 
Arkani-Hamed at Princeton 
University. 

“The idea is a little wild,” admits

Tim Cohen at the University of
Oregon in Eugene, who teamed up
with Arkani-Hamed and others to
work on the new theory.

The team theorised there are
many copies of the standard
model of particles that live side
by side, but scarcely interact.
Each family has the same kinds of
particles, but a slightly different
mass for its Higgs boson – the 
“missing piece” of the standard 
model that was found to have a 
surprisingly light mass by the LHC
in 2012. Because the Higgs gives 
mass to other particles, varying it
leads to big differences in how 
much the particles in a group pull
on each other.

If the universe was full of 
particles from families with very 
heavy or zero-mass Higgs bosons,
then gravity between particles 
would be too strong or too  

weak for atoms to form.
So why is the universe’s gravity

as it is? The team says primordial
particles created by the big bang
would have decayed to particles
in the different families. In those
with a Higgs mass just above zero,
they would have decayed into one
Higgs boson and another particle
of the remaining energy.

Primordial particles can only
decay into things lighter than
themselves, so where Higgs bosons
are high mass, they would have
decayed into two smaller entities –
instead of the Higgs – plus the 
remainder particle. Particles 
prefer to decay into fewer entities,

so most of the big bang’s energy 
would be funnelled into light-
Higgs sectors, and only a bit to 
those with heavier Higgs bosons.

As a result, our familiar standard
model of particles – which has the
lightest possible non-zero-mass
Higgs – reigns supreme. 

That’s one step towards solving 
the weak-gravity problem. The 
next step comes from the team’s 
observation that the equation for 
gravity between particles can be 
fine-tuned by adjusting the 
number of particle sectors. 

The team calculated that about 
1016 particle families results in a 
small value for gravity’s strength. 
If you combine the effect of large 
numbers of particles on the 
gravity equation and the 
primordial particles favouring 
light Higgs bosons, you get gravity 
just weak enough for playing 
basketball instead of collapsing 
into a singularity, says Cohen 
(arxiv.org/abs/1607.06821).

“This is not a bad idea – in fact, 
it’s a pretty clever idea in terms  
of how things might work,”  
says Matt Strassler at Harvard 
University. However, the 
mathematics used to flesh out the 
idea is pretty contrived, he says. 

Paddy Fox at the Fermi National 
Accelerator Laboratory near 
Batavia, Illinois, says there’s a way 
to test this theory within the next 
10 years. A few particles from the 
sets with slightly heavier Higgses 
probably got produced. We could 
see these ghostly particle families 
haunting the universe via their 
effects on the cosmic microwave 
background – leftover radiation 
from the universe’s birth.

This means the search for
new particles could move out of 
underground colliders and into 
astronomy, says Cohen. So don’t 
call the Ghostbusters until the 
astronomy results are in.  ■

THIS WEEK

How ghosts stole gravity’s strength
Hidden heavy particles could keep gravity weak, says Conor Gearin
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“Maybe superpartners 
aren’t enough. Maybe we 
need not one set of partner 
particles, but many”

–Spot the strange particles–
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HERE’S a way to pick up speed.
A legal energy supplement drink
is proven to push athletes over
the line faster – and has been
given to hundreds of top athletes.

The drink, known as ∆G, is
designed to release a ketone
compound that muscles can burn
for energy. Now Kieran Clarke at
the University of Oxford and
her team have shown that their
supplement seems to improve
performance.

When the drink was given to
elite cyclists, they were able to
cycle an average of 411 metres
further during a 30-minute time
trial than cyclists drinking a
glucose drink (CellMetabolism,
doi.org/bm8z).

The finding backs up a 2011
study of 22 elite rowers, in which
those drinking ∆G obtained one
world record, six personal bests
and 10 season’s best performances.
“The results are really dramatic,”
says Clarke.

Ketones are naturally produced
by the body when it breaks down
fat. This normally occurs when

energy reserves are running low,
for example, in people sticking to
a low-carb, high-fat diet.

But by providing ketones as a
supplement – in the form of beta-
hydroxybutyrate – athletes may
be able to exploit ketones as a
third energy source, in addition
to their glucose and fat reserves.

This means glucose reserves are
conserved, lowering the chances
of hitting the wall, says Clarke.

Her theory is supported by the
team’s finding that cyclists who
consumed the ketone drink
produced significantly less lactic
acid – a byproduct of burning
glucose and breaking down
glycogen, the molecule that is
used to store this sugar.

However, John Hawley at the
Mary MacKillop Institute for
Health Research, Australia, says
he is not convinced that muscles

can use both ketones and glucose
for energy at the same time. “The
logic of this ketone supplement is
that it spares your muscle glycogen.
But you have more than enough
glycogen for 30 minutes of
cycling, so I can’t see why sparing
it would do you any good.”

But Hawley admits that some
anecdotal evidence is positive.
“At the end of the day, some
athletes have said they feel a little
bit better on this, and that carries
some weight,” he says.

Despite the extra boost that
∆G appears to give endurance
performers, the World Anti-
Doping Agency ruled in 2011 that
it would not add it to its banned
list. It wouldn’t make sense to
ban ketones because they can be
produced naturally by altering an
althlete’s diet, Clarke says.

The drink won’t be
commercially available until
the end of the year, but Clarke’s
research group has already
provided ∆G to more than 300
top athletes. We don’t know who 
might be using it at the Olympic 
Games in Rio because specific 
teams cannot be named due to 
their sponsorship agreements 
with other supplement providers.
Alice Klein  ■

LONG after most of their kind had died

out, one group of woolly mammoths

was still surviving on an Alaskan

island. Now we know why they finally

bit the dust: a warming climate caused

their lakes to dry up.

Mammoths were in crisis at the

end of the last ice age, when human

hunters began to settle in their

habitat. Most mammoths on mainland

Asia and North America went extinct

over 13,000 years ago.

But a few hardy herds clung to

Arctic islands where people did not

arrive for several more millennia. One

of these populations retreated to the

Bering land bridge linking Siberia with

North America. As the sea rose, they

became stranded on the small, low

Alaskan island now called St Paul.

What happened to them remained

a mystery until Russell Graham at

Pennsylvania State University and

colleagues pinpointed that 5600

years ago, they ran out of water.

“It’s probably one of the best-dated

prehistoric extinctions around,” says

Graham. The team reached that

precise date using three lines of

evidence, including the radiocarbon

dating of both mammoth bones and

lake sediment containing mammoth

DNA (PNAS, doi.org/bm9z).

“They all coincide on 5600 years

ago – that’s wonderful and unique as

far as I know,” says Adrian Lister at the

Natural History Museum in London.

The lake sediments also gave away

the cause of death. Right around the

extinction time, the lake plankton

switched from deep-water species to

shallow-water ones. This pointed to

steadily evaporating fresh water. 

Mammoths, like their living cousins 

the elephants, needed many litres 

of water every day to survive. Low 

supplies would have done them in 

quickly, says Lister. 

The very last mammoths lived on 

the larger Arctic island of Wrangel, off 

Siberia, until 4000 years ago, but it’s 

unclear whether climate or humans 

finished them off.  Conor Gearin  ■

Ketone drink pushes
cyclists further, faster
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“Reserves of muscle 
glucose are conserved, 
lowering the chances of 
an athlete hitting the wall”

America’s last 
mammoths 
died of thirst

–Legal boost for tired legs–
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THIS WEEK

Anna Nowogrodzki

STRIKE the invisibility cloak off
your wish list – it seems they just
can’t be built for anything the size
of you and me.

Invisibility cloaks have been
a prized goal for about 10 years,
ever since John Pendry and
colleagues at Imperial College
London proposed a way to guide
light around an object using
substances with exotic optical
properties, called metamaterials.
Ideally, these would work
passively – without needing
energy to be pumped in – and
for all wavelengths of light.

A practical cloak would have to 
be about as big as the object to be
hidden, and would redirect light
perfectly around it to meet the 
observer’s eye on the other side.

Now, Andrea Alù and Francesco
Monticone at the University of 
Texas at Austin argue that a 
passive invisibility cloak large 
enough to hide a person, or any
macroscopic object, is impossible
to build. Using results from 
electrical circuit theory, they show
that the larger the cloak is, the
smaller the range of wavelengths

it can redirect. “What it means is 
that only a specific colour can be 
made invisible,” says Alù.

That doesn’t mean you can 
make an invisibility cloak that 
could perfectly divert all shades 
of, say, blue light either. The 

workable range of wavelengths 
would have to be narrower than 
anything emitted by the best laser
that can be built. “Essentially, it 
would be impossible,” says Alù.

Not only that, but trying to hide
that one uber-specific shade of 
blue might make the object you’re
cloaking even more conspicuous.
To make that sliver of blue 
invisible, the energy the object 
emits at that wavelength must be
transferred to other colours 
(Optica, doi.org/bm8w).

“Whatever scattering you
suppress in one bandwidth
has to be paid back in other 
bandwidths,” says Alù. “So 
cloaking may actually make 
things worse.” You would end up 
with the object shining brighter  
in all other parts of the spectrum.

Different kinds of invisibility 
cloaks could still be possible. But 
those have challenges, too, and 
there are no indications that they 
would be feasible for objects on a 
human scale.

For instance, Alù is now 
working on an active cloak using 
materials that can pump energy 
into the system. But that is only 
feasible for wavelengths much 
longer than those of visible light, 
such as radio waves – and even 
then, the largest object you could 
cloak is about 30 centimetres in 
size, Alù says.

Another kind of cloak would 
rely on bending light to a degree 
that depends on its intensity. Even 
if this could be made to work, the 
hidden object would pop back 
into view the moment the light 
got stronger or weaker. “I’m not 
sure that we will get to the point 
of invisibility for a large object,  
to visible frequencies,” says Alù.

“It reminds us of the sad truth 
that perfect invisibility is still in 
the realm of fairy tales,” says
Jad Halimeh at the Ludwig
Maximilian University of
Munich in Germany.  ■

Invisibility cloaks 
are just an illusion
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“An abrupt switch is
important. You don’t want
to be drifting through
zones of drowsiness”

–Too tall an order–

RISE and shine! Neuronal switches

have been discovered that can

suddenly rouse flies from slumber –

or send them into a doze.

There are several gene and brain

parallels between sleep in flies and

mammals, prompting researchers to

turn to fruit flies to investigate how

we sleep. One way to do this is to use

optogenetics to activate specific

neurons to see what they do. This

Neural switches 
wake fly and 
make it nod off

works by using light to turn on cells 

that have been genetically modified 

to respond to certain wavelengths.

Gero Miesenböck at the University

of Oxford and his team have discovered

how to wake flies up. They stimulated

neurons that release a molecule called

dopamine with light. The dopamine 

then switched off sleep-promoting 

neurons in a brain area called the 

dorsal fan-shaped body, waking 

the flies (Nature, DOI: 10.1038/

nature19055). 

Meanwhile, Fang Guo at 

Brandeis University in Waltham, 

Massachusetts, and his team have 

found that activating  neurons that 

form part of a fly’s internal clock will

send it to sleep. When stimulated,

these neurons released glutamate,

which turned off activity-promoting

neurons in the master pacemaker

brain area (Nature, doi.org/bm93).

While human and fly brains are very 

different in structure, being asleep  

or awake are similar states regardless 

of the kind of brain an animal has,  

says Bruno van Swinderen at the 

University of Queensland, Australia. 

We don’t know if activating 

dopamine or glutamate-releasing 

neurons in mammals would have the 

same effect. But we don’t drift back 

and forth between asleep and awake 

so we may also have a hard switch for 

these functions. 

Being able to abruptly switch 

between the two is important, says 

Miesenböck. “You don’t want to be 

drifting through grey zones of variable 

drowsiness all day.” 

The next step will be to find out 

what natural pathways stimulate 

these dopamine and glutamate-

releasing neurons, says van

Swinderen. Alice Klein  ■
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Six leading cosmologists, one amazing day of discovery. Hear how 
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Andy Coghlan

MYSTERIOUS shrunken cells
have been spotted in the human
brain for the first time. These
cells appear to be associated
with Alzheimer’s disease,
but their effect on our health
remains unclear.

To keep the brain tidy and free
of infection, the body’s microglial
cells prune unwanted neural
connections and destroy
abnormal and infected brain
cells. The previously unidentified
cells discovered by Marie-Ève
Tremblay of Laval University
in Quebec, Canada, and her
colleagues appear to be withered
microglia. “We don’t know yet if
they’re a cause or consequence
[of disease],” says Tremblay.

Under the electron microscope,
the cells appear much darker than
normal microglia. “It took a long
time for us to identify them,” says
Tremblay: the staining chemicals
that usually make microglia
visible don’t work with these
shrivelled versions.

Compared with normal
microglia, the dark cells appear
to wrap much more tightly
around neurons and the synapses

connecting them. What’s
more, the synapses often seem
shrunken and degraded in their
presence. “It seems they’re
hyperactive at synapses,” says
Tremblay, who presented the
findings at the Translational
Neuroimmunology conference
in Big Sky, Montana, last week.

Tremblay first identified dark
microglia in mice. She found that
the cells increase in number with
age and appear to be linked to
stress, the neurodegenerative
condition Huntington’s disease,
and a mouse model of Alzheimer’s
disease. “There were 10 times
as many dark microglia in
Alzheimer’s mice as in control
mice,” says Tremblay.

Turning to humans, Tremblay
has found around twice as many
dark microglia in the brain of a
person who died with Alzheimer’s
disease as in the brain of a healthy
person who died at the same age.

It’s important to understand
the identity and function of these
cells, says Colm Cunningham of
Trinity College Dublin, Ireland.
“It could be that dark microglia
contribute to harmful processes
during dementia,” he says.

But why they seem to be

smothering brain connections is
unclear. It may be due to receiving
erroneous brain signals, or the
microglia may have gone into
overdrive in an effort to protect
the brain, says Tremblay.

Alternatively, the cells may be
damaged. Their shrunkenness
could be caused by a form of
stress: exposure to reactive
forms of oxygen that damage
cells. As the cells get smaller,
they appear darker under the
microscope – a phenomenon also
seen in stressed neurons. Further
experiments have revealed
damage to proteins, DNA and
other cellular components. “That
probably has an effect on their
behaviour,” says Tremblay.

It’s possible that these

THE debate has finally been put to

bed. Wearable brainwave recorders 

confirm that birds do indeed sleep 

while flying, but only for brief periods

and usually with one half of their brain.

We know several bird species 

can travel vast distances non-stop, 

prompting speculation that they must

nap mid-flight. Great frigatebirds,  

for example, can fly continuously for 
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First proof that 
birds snooze 
during flight

THIS WEEK

up to two months. On the other  

hand, the male sandpiper, for one,   

can largely forgo sleep during the 

breeding season, hinting that it may

also be possible for birds to stay 

awake during prolonged trips.

To settle this question, Niels 

Rattenborg at the Max Planck 

Institute for Ornithology in 

Seewiesen, Germany, and his 

colleagues fitted small brain  

activity monitors and movement 

trackers to 14 great frigatebirds. 

During long flights, the birds slept

for an average of 41 minutes per day,

in short episodes of about 12 seconds

each. By contrast, they slept for over

12 hours per day on land (Nature

Communications, DOI: 10.1038/

ncomms12468). Frigatebirds in flight

tend to use one hemisphere at a time

to sleep, as do ducks and dolphins,

but sometimes they used both.

“Some people thought that

all their sleep would have to be

unihemispheric otherwise they would

drop from the sky,” says Rattenborg.

“But that’s not the case – they can

sleep with both hemispheres and

they just continue soaring.”

Sleep typically took place as

the birds were circling in rising air

currents, when they did not need

to flap their wings.

Frigatebirds can’t swim on the

ocean, as they lack waterproof

feathers, so the ability to dramatically

cut down on sleep may have evolved

out of necessity, says John Lesku at La

Trobe University, Australia. “If you’re

a bird that spends your life at sea but

can’t land on it, this is really your only

option,” he says. Alice Klein ■

“Frigatebirds slept while 
circling in rising air 
currents, when they didn’t 
need to flap their wings”

microglia turn dark after
experiencing stress that is 
associated with inflammation 
elsewhere in the body. “Studies in 
patients show that inflammation 
arising outside the brain is 
associated with more rapid 
decline in Alzheimer’s patients, 
and it’s important to unravel what 
role microglia might play in this 
acceleration of disease,” says 
Cunningham.

But we do not yet know if
these dark microglia make any 
difference to health at all, says Ben 
Barres at Stanford University in 
California. “In disease, microglia 
are known to exist in different 
states,” he says. “The question is, 
do they alter microglia behaviour 
and cause Alzheimer’s?”  ■

–Microglia (blue) help tidy the brain–

Alzheimer’s link to 
weird, lurking cells
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DEEP below the ocean’s surface,
parasitic crustaceans are latching
on to fish that eke out a living.
Video from the ocean depths has
revealed their diversity and range
for the first time.

Parasites may be an indicator of
a healthy ecosystem, as they can
regulate animal populations and
keep them from growing out of
control, says Andrea Quattrini
at Harvey Mudd College in

Claremont, California. “And yet
virtually nothing is known about
their importance in the deep sea,”
she says. “The first step is really
just to document their diversity,
and how many and what species
are being infected.”

Quattrini and Amanda
Demopoulos at the US Geological
Survey studied films collected by
a remotely operated underwater
vehicle surveying the sea floor off

the coast of the north-eastern US.
One third of the fish species

spotted – and up to half of fish of
some species – had up to several
dozen visible parasites: isopods
and copepods. Some of these have
hooks on the ends of their legs that
they embed into the fish. Others
bury their head into the flesh.

One parasitic copepod even had
parasites of its own: eight leeches
clung to it (International Journal

for Parasitology: Parasites and

Wildlife, doi.org/bm7c).
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End of the genetic line for
the poor English bulldog?

THEfuture looksdire for theEnglishbulldog,oneof

themostpopular –and illness-prone–dogbreeds in

theUKandUS.

Amongotherproblems,Englishbulldogshave

difficultybreathing,movingandmating.These traits

area resultofhowwehaveselectivelybred thedogs to

promotecharacteristics like their shortenedmuzzleand

stature.Decadesofheavy inbreedinghavealsocaused

autoimmunediseasesandallergies.

Tosee if theseproblemscouldbecorrected in future

generations,NielsPedersenatUniversityofCalifornia,

Davis, andhis teamanalysed theDNAofmore than

100Englishbulldogs.They foundalarmingly low

geneticdiversityamongthedogs (CanineGenetics

andEpidemiology, doi.org/bm6t). The results suggest

thatdogbreedersareunlikely tobeable to reverse the

negativeeffectsofextremeselection throughcareful

matchingofgeneticallydifferentEnglishbulldogs.

Inanattempt to inject somehealthydiversityback

into thebreed’sgenepool, Swissbreedershavebegun

crossing theEnglishbulldogwithaUSbreedknownas

theOldeEnglishBulldogge.

Outbreeding in thiswaycanbebeneficial to the

healthof strugglingbreeds.But somebreedersworry

that thispractice couldmeanthat the trueEnglish

bulldog is lost forgood.

Hellish world of parasites in the deep sea

Orangutan proves
he can talk the talk

AN ORANGUTAN named Rocky
has shown a talent for emulating
human speech. The feat brings
us closer to understanding how
speech developed from the calls
of ancestral great apes.

Adriano Lameria from the
University of Durham, UK, and his
team played a game with Rocky,
getting him to mimic the pitch
and tone of human sounds and
make vowel-like calls. His sounds
were quite different from those
in recordings of wild and captive
orangutans. Rocky astonished
the team by producing word-like
sounds in a “conversational
context” (Scientific Reports,
doi.org/bm6v).

“It has been presumed that
sounds made by great apes are
driven by arousal over which they
have no control,” says Lameria.
“Our research proves that
orangutans have the potential
capacity to control the action
of their voices.”

Pesticides kill off 
honeybee sperm

MALE bees have been taking 
contraceptives – inadvertently. It 
could be a factor in the alarming 
decline in bee populations across 
North America and Europe over 
the past 15 years.

Neonicotinoid pesticides, 
neurotoxins used in agriculture 
that kill many types of insects, 
also cut honeybees’ live sperm 
count by almost 40 per cent, 
found Lars Straub of the Institute 
of Bee Health at the University  
of Bern, Switzerland, and his 
colleagues (Proceedings of the 

Royal Society B: Biological Sciences, 
doi.org/bm6x). 

However, we can’t yet be sure if 
this is the main reason behind the 
major decline in bee populations, 
he says, because many factors are 
probably playing a part. 

IN BRIEF
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Squishy cubes
hide a secret smile

THINKMinecraft, but squishy.

Bydeforming indifferentways

dependingonhowyousqueeze

them,3D-printed rubberblocks

can formametamaterial thathides

apattern insideuntil squashed.

The ideacouldbeused tomake

advancedprosthetics.

Theblocksaredesignedso that

if yousqueezealongoneaxis itwill

bulgeout in theother two,andvice

versa. CorentinCoulais at Leiden

University in theNetherlandsand

his colleaguesused thisproperty

toprint larger cubesmadeof these

blocks thatbehave inunusualways.

Theblockswerearrangedso that

asmiley facepatternprotrudeson

onesideandappears recessedon

theotherwhenthematerial is

compressed.But it shouldbe

possible to createanypattern.

At first, the teamusedsoftware

toassemble themetamaterial block

byblock.Thentheydiscovereda

shortcut.Adjacent slicesof thecube

have tobemirror imagesofeach

other inorder to fit together, so the

configurationofall theblocks inside

thecubecanbedetermined justby

fixing thearrangementofblocksat

thesurface (Nature, doi.org/bm7f).

Theability to constrain the

motionofamaterial in some

directionsbutnotothers could

proveuseful forprosthetic limbs,

saysCoulais, becauseyouonlywant

joints tobend incertainways.

Meet spiky ants named after dragons

THISantmay look likea fearsome

dragon,but it isnowarrior. It is one

of twonewlydescribedant species

fromPapuaNewGuinea, andhas

someof themost impressivespikes

in thePheidolegenus.

Pheidoleantshaveseveral

“castes”ofworkerants –often, an

all-purposeminorworkerandamore

specialisedmajorworker (pictured

above). Their spinesmaydeter

predatorsandhelpattachmuscles

tobalance their bigheads (PLoSOne,

doi.org/bm6s).

Becauseof theants’ formidable

look, theywerenamedafter the

dragons they resemble fromthe

GameofThrones series:Pheidole

drogon is jetblack,whilePheidole

viserionhas thegoldencolourof

itsnamesake.

Butdespite their appearance, the

majorworkersareshy. “They’reoften

the first to runawayandhide,” says

Eli Sarnatat theOkinawa Institute

ofScienceandTechnology in Japan,

who,withhis colleagues,described

theants. Theirmain role isn’t usually

defenceorattack.Theyuse their

hugemandibles tochomp into thick

seeds,while themoreabundant

minorworkersmaintain thenest.

IT’S poetic justice on a cosmic
scale. The same galaxy the Milky
Way is tearing apart may be
responsible for a mysterious
warp in our galaxy’s disc.

Approximately 50 galaxies
orbit our own. The nearest, called
the Sagittarius dwarf, was spotted
on the far side of the Milky Way
in 1994 and is only 80,000 light
years from Earth.

That’s so close that the Milky
Way’s gravitational pull is tearing
it apart, spilling its stars and star
clusters into long streams.

But now it seems that this

victimised galaxy is striking back.
In 1956, radio observations of

the Milky Way’s atomic hydrogen
gas revealed that the outer section
of the disc is warped: parts of it lie
above and below the plane of the
galaxy. A 2010 estimate suggested
that the Sagittarius dwarf was
640 million solar masses – too
light to cause this warp.

Now, Simon Gibbons at the
University of Cambridge and
his colleagues have analysed the
motion of stars in the Sagittarius
streams and estimates that
the galaxy was originally

60 billion solar masses (arxiv.org/
abs/1607.00803).

“This new more massive
Sagittarius – if it’s right – could
be the cause of the warp,” says
Gibbons.

David Law at the Space Telescope
Science Institute in Baltimore,
Maryland, says the new study
uses a more realistic model of
the dwarf and does a good job of
reproducing its history.

But the Milky Way may have the
last word. Such a hefty Sagittarius
may add to our galaxy’s beauty by
enhancing its spiral structure.

Torn-apart galaxy takes revenge on the Milky Way

Secret role of
autoimmunity

BLAME evolution. For the first
time, we have evidence that
people who are more susceptible
to autoimmune disorders such
as lupus may be that way because
their immune system is better
equipped to combat infections,
enabling them to live longer.

Andrea Graham at Princeton
University and colleagues
analysed blood samples from
639 elderly people in Taiwan
and measured their levels of
antibodies capable of attacking
the body’s own tissues. They
found that individuals with
higher levels of these were likely
to live longer.

The downside is that these
antibodies are implicated in
autoimmune diseases. When
Graham’s team examined urine
samples for evidence of kidney
damage – an early sign of lupus –
they found that people with
higher levels of self-reactive
antibodies were more likely to
develop the condition.

“Autoimmunity has previously
been considered a bad thing,”
says Aaron Blackwell, at the 
University of California, Santa 
Barbara. Studies now suggest  
that there may be a function for 
autoimmunity, he says.
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THE boat isn’t going anywhere.
The 12 women on board pull
their shawls tighter against the
chilly smog that has blocked all
visibility. We are trying to cross an
especially wide stretch of the river
Ganges just outside Patna, capital
of Bihar, the poorest state in India.

The women work for India’s
polio campaign. This boat is
the only way to reach migrant
families that farm seasonal
floodplains across the river,
and immunise their children.

Hoping to help, Ujjawal
Sinha from the World Health
Organization shows the boatman
where we are on his iPhone, a
small dot on the river’s big blue
band. The boatman is unmoved:
no visibility, no crossing. Hours
pass. The nurses use their phones
to inform people of the delay.

They finally crossed later that
day, then had a long trudge down
muddy paths with the coolers of
vaccine we had carefully stowed
in the stern. That evening they
were able to report that everyone
had been vaccinated.

India eliminated polio in 2014.
It is now only found in two
nations: Afghanistan and
Pakistan. So teams like the Patna
nurses continue their efforts to
give out drops of oral polio
vaccine. But with only 19 cases in
those final two countries reported
this year, the WHO predicts the
virus will be gone – or eradicated –
by 2019.

The question now is what
happens to the organisation, and
the people, that enabled that to
happen. If they can be redirected
towards improving public health,
the determination of the Patna
nurses and others might give a
badly need boost to the health of
the world’s second most populous
country – and with it, the nation’s
economic and political stability. 

By many measures India is a
well-off country. It’s the world’s 
fastest-growing economy, and it 
builds nuclear weapons, aircraft 
carriers and spacecraft. By 
conservative estimates, 24 million 
Indians are middle class. Yet it 
bears a disproportionate burden 
of ill health (see charts, top right). 
Shockingly, nearly half the 
country’s under-5s are physically 
stunted due to undernutrition.

Its ramshackle healthcare 
system had led many to predict

that eliminating polio in the
country would be impossible. But 
India did it, and the UN agencies 
and other organisations that 
helped are now discussing with 
the government how to apply  
the lessons, and the leftover 
resources, of the campaign. 

“India must continue to spend
on health every dime now being 
spent on polio,” says Vikram Patel
at the Public Health Foundation  
of India in Gurgaon. Whether it 
will is still unclear.

The key to defeating polio, I  
was told by everyone involved, 
was to go outside the existing 
health system and build dedicated
networks of health workers, 

surveillance and laboratories,
funded both by government and 
outside donors. People “micro-
planned” in districts that proved
hard to vaccinate because they
were remote or resistant – health 
workers mapped how many 
children each family had and who 
had been vaccinated. Campaigns 
focused on public outreach. 
Eventually, all 27 million babies 
born annually were vaccinated.

I saw this when I accompanied 
another group of health workers
to the slums of Aligarh, a town
140 kilometres from Delhi where 
the Muslim community has 
historically been resistant to the 
idea of vaccination. To win people 

From polio success to better health?
Can India benefit from itswork against polio, asksDebora MacKenzie
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“It would be a grave mistake 
to turn our backs on the 
knowledge and innovation 
accumulated with polio”

–What’s next after polio?–

ANALYSIS  GLOBAL HEALTH
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over, teams of community
mobilisers were created to raise
awareness and call on mothers.

To announce the vaccination
drive we paraded through the
dusty streets to the mosque,
chanting slogans and waving
banners. The children flocked
to neighbourhood booths to get
their drops. The day concluded
with everyone involved meeting
to compare notes and make sure
all was going to plan.

Scenes like this may be short-
lived. External funding for India’s
polio infrastructure will end when
the virus is officially eradicated.

When smallpox was eradicated
in 1980, the organisation that did
it withered. The WHO vows this 
time, the polio “legacy” around 
the world will be repurposed.  

The biology of polio makes its 
legacy unusually useful. To ensure
the virus is gone, you must test for
it in sewage, and also test all cases
of polio-like paralysis – which
typically occurs in at least one
child per 100,000 each year – to 
make sure it was triggered by 
something other than polio.

The Indian government has 
already taken over the labs that do
this, and now they test for measles
and rubella too. It also helps pay 
for community mobilisers and 
micro-planning.

Last year, the government 
launched Mission Indradhanush
to use the polio programme’s 
micro-planning, and the 1000 
doctors of its surveillance arm, to
make sure children in more than 
200 difficult-to-reach districts get
routine immunisations. “We are 
moving from polio to public 
health,” says Henk Bekedam, head
of the WHO office in India. The 
infrastructure could help achieve 
India’s target of eliminating 
measles by 2020.

Indradhanush isn’t all about 
moving on: routine 

Despite the positive signs, the
situation remains uncertain.
The government of Narendra
Modi has not yet shown much
enthusiasm for the country’s
free but massively underfunded
and understaffed public health
system, considered by many the
country’s best route to better
public health. Modi has pledged
healthcare access for all, but last
year cut public health funding,
and new money this year mostly
went to helping the poor access
the ill-regulated private system.

Some health experts say that
the polio campaign siphoned
resources away from public
healthcare. Others say polio
would still be around if the
campaign hadn’t worked as it did.
“We shouldn’t throw out all the

capacity gained and lessons
learned from polio,” says Steve 
Cochi at the US Centres for Disease 
Control and Prevention. “We have 
learned how to reach every child, 
the value of identifying high risk 
areas, community engagement, 
disease surveillance. It would be
a grave mistake to turn our backs
on this accumulated knowledge,
capacity and innovation.”

Bekedam believes there is a new
enthusiasm for improving India’s
healthcare, kindled by the polio
victory. The polio system may
be relatively small, he says, but it
could catalyse a broader change. 

But so far the government  
has taken on only a small part  
of the polio infrastructure, and 
has no plans for funding it past 
eradication. Only one outside 
organisation, the global vaccine 
fund GAVI, has so far pledged 
funds to maintain the polio 
infrastructure beyond 2019. 

If India’s polio investment is 
saved, it would be an example for 
the world. In 2014, Ebola got out  
of control in West Africa for lack  
of the kind of surveillance India’s 
polio programme built. When 
Ebola invaded Nigeria, it was its 
polio network that tracked and 
contained it. Nigeria is now polio-
free and will be asking the same 
questions as India.

By 2019, the world will have 
spent $100 billion to eradicate 
polio. Keeping the tools seems a 
dividend we can ill afford to lose.  ■

Debora MacKenzie visited Bihar and 

Uttar Pradesh as a guest of Rotary 

in 2015

immunisation must also improve
if polio is to be kept at bay. After 
eradication, vaccination will have
to continue for some years, as the
virus in live polio vaccine – the
oral drops I watched the nurses
giving – can persist. During this 
time, there is a possibility that it 
could become virulent and start 
spreading. For protection, the 
next generation of children must 
be vaccinated with killed vaccine – 
and unlike the live vaccine, this 
must be injected. Since the nurses  
I met are not trained to do this,  
it will have to happen as part of 
their routine immunisations. 
Right now, only 71 per cent of 
children are fully immunised. 
This is not high enough to protect 
against any resurgent polio, one 
reason India wants 90 per cent  
of children immunised by 2018.

To meet this aim, polio nurses 
now tell families about regular 
immunisation days. They also 
promote breastfeeding, diarrhoea 
control and better nutrition and 
sanitation. “Every effort is being 
made to retain the polio nurses  
in Mission Indradhanush,” says 
Carole Pandak, head of polio at  
the service organisation Rotary, a 
major funder of polio eradication. 
“Ideally, the government will 
employ these tireless women.”

WHY INDIA’S HEALTH IS A GLOBAL CONCERN 

The mismatch between India’s wealth 

and health is a problem for the world. 

The country’s economic growth is a 

lynchpin of the global system, yet 

prosperity cannot keep rising unless 

health improves, say development 

experts from Bill Gates to economics 

Nobel prizewinner Amartya Sen.

In December Richard Horton, 

editor of The Lancet, wrote that 

otherwise, “India will see epidemics 

sweep across the country, creating 

an unsustainable future and 

destroying national security”.  

With little sanitation or healthcare, 

high crowding and poor nutrition, any 

infection can potentially become a 

huge problem, says T. Jacob John of 

Vellore Christian Medical College in 

Tamil Nadu. One big fear is that  

some emerging virus, such as yellow 

fever or bird flu – the ominous H5N1 

variety is endemic – could spread 

widely before being detected, 

creating a global threat.

Yet India eliminated polio, and  

last year, neonatal tetanus. “We’re 

good at these one-off things,” says 

Ramanan Laxminarayan at the Center 

for Disease Dynamics, Economics & 

Policy in New Delhi and Washington 

DC. Everyday healthcare is the 

problem. For example, a government-

led campaign slowed the spread  

of HIV in the 1990s, a notable 

achievement. But now funding has 

fallen, and HIV has spread in blood 

transfusions.

India

Brazil

China

World average 6.0 85 19

Government spending

on healthcare as

percentage of GDP

Percentage of children 

fully immunised for 

measles

Neonatal death rate

per 1000 live births

1.2

3.8

3.1

83 28

97

99

9

6

Sickly state

When it comes to health, India lags behind other countries at similar stages of
development

SOURCE: WORLDBANK, 2014, 2015

“There are fears some new 
virus could spread widely 
before being detected and 
spawn a global threat”

For daily news stories, visit newscientist.com/news



Risky business as usual
New banking regulations designed to stop a repeat of the financial 
crisis don’t add up, saysMarkBuchanan

BAD stuff happens. But often it
doesn’t, because somebody
somewhere saw it coming.

That job often falls to
government agencies. They find
variables they can measure fairly
easily to predict serious events –
floods, epidemics, terror attacks
and the like. Is rainfall above
average for the time of year?
Has chatter among terror
suspects ramped up? Likewise,
as individuals, we do things like
check the air pressure in car tyres
to keep ourselves safe.

All of this would be senseless
if we had no way to measure
rainfall or tyre pressures
accurately. Worse yet would be
to believe our measurements
were accurate when they were
not. Yet this is the situation
with an important set of new
banking rules, crafted after the
2007 financial crisis and set to
take full effect by 2019.

Known as the Basel III 
regulations, they require banks to 
calculate a number (let’s call it R) 
to estimate the riskiness of the 
assets they hold, and keep it below 
a certain limit. 

Banks were supposed to do 
something similar before the 
financial crisis, but many found 
ways to game the numbers. The 
new rules change the maths a 
little in an effort to stop that, 
which sounds eminently sensible. 
Except for one thing: it appears 
that banks will simply never have 
enough data to calculate R with 
much accuracy at all. 

As mathematicians Chen Zhou 
and Jon Danielsson of the London 
School of Economics have shown,
making a reasonably accurate
estimate ofR – within 5 per cent of
the true value, say – would require 
decades of financial data on 
hundreds or thousands of 
different assets. Banks generally 
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Level playing field
Transgender Olympians don’t have an unfair
biological advantage, saysYannisPitsiladis

FOR the first time in Olympic
history, some of the athletes
competing in Rio could be
transgender women. Team GB
is reportedly among the squads 
that include biologically male 
athletes competing as females.

The International Olympic 
Committee (IOC) lowered barriers
to participation in January, after a

consensus meeting, which I
attended. Trans athletes are no
longer required to have had
gender reassignment surgery
followed by two years of hormone
therapy. This has been applauded
by those who say it reflects
social and legal progress on
trans issues, and is also supported
by science. But some have 

questioned its scientific basis.
Their main concern is whether

trans women have an unfair
advantage. The new guidance
requires testosterone levels in
trans women’s blood to be below
a threshold for a year before 
competition. This would usually 
require hormone treatment or 
even surgery. What impact does 
this treatment have?

There is some research that 
helps. A 2004 study measured 
levels of testosterone and

haemoglobin – related to the
oxygen-carrying capacity of
blood – in trans women within a 
year of surgery and reported levels 
of both in the female range, along 
with a reduction in muscle mass.

The only study to directly assess 
performance was published last 
year. It looked at race times in 
eight non-elite trans women 
runners who had competed in 
both men’s and women’s distance 
races. It found they had no 
advantage over other women.

Beyond such studies, there is 
still a need to disentangle 
hormonal influences from other 
performance-affecting factors. 
For instance, the number of nuclei 

“Trans athletes are no 
longer required to have 
gender reassignment 
surgery before competing”



have only a few months or years of
data. Many of the assets they hold
have only existed for a short time.

Hence, the reality is that the
banks’ estimates ofRwill be
wildly uncertain. Given that the
point of the new regulations is
to help control risk, this is a
fundamental failure.

Scientists have highlighted this
problem in opinions submitted to
the Basel Committee on Banking
Supervision, which is responsible
for crafting the new rules. One
was physicist and former banker
Imre Kondor of the Eötvös Loránd
University in Budapest, Hungary,
who made a submission a couple
of years ago. He believes the
political environment now makes
it unlikely that anything can be
done to get better rules in place.

Most of us are not equipped
to critique the mathematical
technicalities of banking
regulations, but we should all be
concerned about them because
they affect our collective future.
The banks themselves have little
incentive to push for more
accurate measures; the illusion of
safety the new regulations may
create would give them cover to
take on excessive risks of the kind
that led to the last crisis. ■

Mark Buchanan is a science writer

based in the UK
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Frank Swain

IT’S hard not to feel that July brought

an unusual dump of bad headlines.

Recent weeks have seen the televised

deaths of Philando Castile and Alton

Sterling at the hands of the US

authorities, police being killed in Dallas

and Baton Rouge, terror attacks in

Istanbul, Baghdad, Nice and Saint-

Etienne-du-Rouvray, and other acts

of violence in Germany and Japan.

I watched these incidents unfold

against a backdrop of heightened

tension around the world, with deep

divisions exposed by the UK’s EU

referendum, an attempted military

coup in Turkey, and the US presidential

election. No surprise that some are

saying it’s been an especially bad

month in an unusually bad year. But

are things as bad as they feel?

Peter Ayton, who studies decision-

making at City University in London, 

says we should be wary of the idea 

there’s something in the water. “This 

is an attempt at induction: grouping 

events on the idea that some force 

or influence may be engineering the 

shape of the days.” This doesn’t 

necessarily mean I’m wrong to think 

we have hit a rough patch. Even if

news stories are random, statistically

we should still expect to see runs of

more upsetting headlines.

We are also predisposed to focus

on the bad stuff. “Threat information

activates the fear system, while

positive news activates the reward

system, for obvious evolutionary

reasons,” says Elaine Fox at the

University of Oxford. The fear system

is stronger, and works to shut down

the rational part of our brain. Once we

are in a fearful state, we’re conditioned

to seek out more bad news.

As a voracious consumer of news,

I’m particularly vulnerable. “The sense

of immediacy provided by 24-hour 

rolling news means the brain is saying 

‘this is a real threat to me’,” says Fox. 

This explains why I feel so personally 

affected even though my chances of 

being caught up in a shooting or a 

terrorist attack are vanishingly small. 

The vividness of the images may also 

skew our sense of risk. For example, in

October 2014, after several months of 

disturbing TV reports from West 

Africa, a Gallup poll found that 22 per 

cent of people in the US were worried 

about contracting Ebola, despite only 

six people in the country being infected 

and none picking it up on home soil.  

My mental state aside, does it really 

matter that I feel so pessimistic about 

the world right now? Well, yes. Stress 

can prompt people to behave in ways 

that feel safe but are actually riskier. 

For example, in the year after 9/11, 

there was an increase in the number 

of people driving rather than flying 

around the US. This is thought to have 

led to 1500 extra road deaths.

There is some good news. People 

misjudge the impact that momentous 

events like Brexit will have on them, 

says Ayton. “What we think are world-

changing events become humdrum as 

we adapt.” When considering the 

impact of an event, we think of all the 

changes it will mean, but not what will 

stay the same. We also underestimate 

our ability to adapt to huge changes. 

Ayton cites a 1978 study that showed 

that after two years, people paralysed 

in accidents and lottery winners 

showed little change in overall 

happiness, instead habituating to 

their new state. The finding has been 

replicated many times. Ayton admits 

that he feels gloomy about the recent 

spate of bad news but he remains 

sanguine. “Probably I’m going to adapt, 

and the world will keep turning.”  ■

Whydoeseverything
seemsoterrible?

INSIGHT Psychology of bad news
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–A vigil in Saint-Etienne-du-Rouvray–

“The sense of immediacy 
of 24-hour rolling news 
means the brain is saying 
‘this is a threat to me’”

For more opinion articles, visit newscientist.com/opinion

within individual muscle cells 
influences the training response 
of muscle tissue. People who are 
biologically male tend to have 
more of these nuclei. If the
number of nuclei remains high
in trans women then some of the 
biological advantage of male 
biology would remain. More 
research is needed to answer this.

For now, though, we can safely 
say that the IOC guidance is both 
inclusive and rooted in the best 
available scientific evidence.  ■

Yannis Pitsiladis is a professor of 

sports science at the University of 

Brighton, UK, and a member of the 

IOC’s medical and scientific commission
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Troll hunters
What can we do to stop online harassment? Bots could

help where humans have failed, finds Sally Adee

WHEN Ghostbusters actor Leslie 
Jones was hounded off Twitter  
last month, having braved several
days of racist and misogynistic 
abuse, many people decried the 
social network’s failure to enforce
its policies. If a star of a Hollywood
blockbuster can be treated like 
that, what hope is there for the 
rest of us? For some, such cases 
show it’s time for a new approach
to dealing with online abuse.

“Social media is a shitshow,” 
says Libby Hemphill, an online 
communication researcher at 
Illinois Institute of Technology. 

The statistics may feel familiar:

a 2014 study by Pew Research
in Washington DC showed that
40 per cent of internet users have
been harassed and 66 per cent
of those said the most recent
instance was on social media.

Since then, despite many
promises made by internet
companies, efforts to curb
online harassment using human
moderation have fallen flat.
Last year, Twitter’s then CEO
Dick Costolo took “personal 
responsibility” for the continuing
abuse problems on his site. “We 
suck at dealing with abuse and 
trolls on the platform and we’ve 

sucked at it for years,” he told 
employees in an internal memo. 

But the problems haven’t 
stopped. That’s because social 
networks are too large to police by
hand and their approach tends to
be reactive rather than proactive.
So an increasing number of 
people are turning to another 
solution: bots. 

The simplest way bots can help
is with block lists, which specify

the accounts you don’t want to
see in your feed. You can block 
accounts yourself. But reporting 
them to prevent harassment of 
others is a hassle. For example, a 
form must be filled out for each 
abusive tweet. Apart from being 
slow, it’s also unpleasant – 
someone may have to trawl 
through hundreds of personal 
slurs, reporting each individually. 

It would be better if you didn’t
receive abusive messages in the
first place – something bots could 
help with by managing block lists 
automatically. Subscribe to a 
blockbot, which continually 
updates a list of accounts blocked 
by other users, and you should 
receive less invective. But that 
approach only works if someone 
adds an abusive account to the 
block list. Is it possible to automate 
the detection of harassment? 

Hemphill and her colleagues 
tried to do this by first asking 

–Bots to watch over us-

“If a star of a Hollywood 
blockbuster can be treated 
like that, what hope is 
there for the rest of us?”
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people on crowdsourcing 
platform Mechanical Turk to 
identify instances of abuse.  
But they hit a snag: there  
was less agreement between 
crowdworkers than they would 
have liked. “Humans don’t agree 
on what constitutes harassment,”
she says. “So it’s really hard to 
train computers to detect it.”

Feed the trolls

Enter the argue-bots. These 
distract trolls from their human 
victims by drawing their attention
and engaging with them, often 
with entertaining results. 

One, called @Assbot, 
recombined tweets from its 
human creator’s archive into 
random statements and then 
used these to respond to tweets
coming from Donald Trump.
The result was a torrent of angry 
Trump supporters engaging with
a bot spouting nonsense. 

@Assbot simply deployed a 
mishmash of existing tweets. But
what if it had been smarter? Kevin
Munger at New York University  
is interested in group identity on 
the internet. Offline, we signal 
which social groups we belong to
with things like in-jokes, insider 
knowledge, clothes, mannerisms
and so on. When we communicate
online, all of that collapses into 
what we type. “Basically, the only
way to affiliate yourself is with  
the words you use,” says Munger.

This squares with research
on online abuse. Sometimes it
is malicious, intentional and
directed against specific
minorities. But other times it
functions more as a way to signal
group affiliation and affinity.
“Abuse is less of a problem for
niche sites than a catch-all
platform like Twitter,” says
Hemphill. “Group dynamics
and norms of behaviour have
already been established there.”

So Munger wondered if he
could create a bot to manipulate
a troll’s sense of group dynamics 
online. The idea was to create bots
that would admonish people who
tweeted racist comments – by 
impersonating a higher-status 
individual from their in-group. 

First he found his racists. He 
identified Twitter accounts that
had recently issued a racist tweet,
then combed through their 
previous 1000 tweets to check 
that the user met his standards for
abuse and racism. “I hand-coded 
all of them to make sure I didn’t 
have false positives,” he says.

He then created four bot 
accounts, each with a different 
identity: white male with many 
followers, white male with few 
followers, black male with many 
followers and black male with few
followers. To make his automated
account look legit, he bought 
dummy followers from a website.
“They were $1 for 500,” he says.

At first, people turned on the 

bots. It was unnerving, he says. 
“The most common response  
was ‘kill yourself’.” But something 
seems to have sunk in. After a 
short-term increase in racist 
language, he found that abusers 
who were admonished by a bot 
that appeared to be a high-status 
white male reduced their use of 
racist slurs. In the month after  
the intervention, these people 
tweeted the n-word 186 fewer 
times on average than those 
sanctioned by a bot that appeared 
to be a low-status white male or a 
black male.

“It’s useful to know that such
an impersonator-bot can reduce 
the use of slurs,” says Hemphill. 
“I’m surprised the effects didn’t 
decay faster.”

It doesn’t work on everybody,
however. “The committed racists 
didn’t stop being racist,” says
Munger. Another problem,
as Hemphill found, is that 
identifying abuse is hard. Munger
wanted to target misogyny as well
as racism but gave up when he 
found words like “bitch” and 
“whore” were so widespread that 
it was impossible to distinguish 
genuine abuse from casual chat. 

There is also an inherent 
weakness in the system. “The 
more people become aware  
that these are out there, the less 
effective they’ll be,” says Munger. 

For now, Hemphill thinks it’s 
the best we can do. “Nothing else 
is working,” she says. “We may as 
well start using bots.” But Munger
doesn’t wants bots to be the 
endgame. “I don’t envision an 
army of bots telling people to 
behave themselves,” he says. “I’m 
looking for what works, so we can 
figure out what kind of language
and moral reasoning works best
to stop a racist troll.”

Munger is now looking at 
politics-based abuse. He has his 
work cut out.  ■ 

Bots may be set to tackle harassment 

online (see main story), but methods 

to deflect abuse and manipulate 

behaviour could themselves be 

abused. Who should control them?

For Libby Hemphill at Illinois 

Institute of Technology, the best 

answer is to put them in the hands 

of Twitter or Facebook so they can 

police their own communities. Yet 

she has misgivings about the ethics 

of manipulating people’s behaviour 

in this way, especially when it is done 

with a bot masquerading as a human.

Bots might also be attractive to 

authorities that want to change 

behaviour online in their favour, 

especially in light of recent 

crackdowns. Turkey’s government has 

been accused of monitoring Twitter 

for thoughtcrimes. According to New 

York University researcher Zeynep 

Tufecki, there are now cases against 

about 2000 people for insulting  

the president online. And after the 

Dallas police shootings, four men 

were arrested in Detroit for making 

anti-police comments on social media. 

WHO CONTROLS THE BOTS?

“Abusers sanctioned by a 
bot impersonating a high-
status white male reduced 
their use of racist slurs”

ONE PER CENT

Spot the famous face 

A million celebrities are helping to 

train facial recognition software. 

A team at Microsoft Research in 

Redmond, Washington, has built 

the largest ever publicly available 

training set of faces – consisting of 

10 million images – by using photos 

of famous people of all races taken 

from the web. Celebs are useful 

because there are many photos of 

their faces from different angles. 

“Democratizing 
information has 
never been more 
vital, and Wikileaks 
has helped. But their 
hostility to even 
modest curation 
is a mistake.”

Whistleblower Edward Snowden 

clashes with Wikileaks over its 

release of documents that included 

people's personal information

This is not a car seat

Will we be fazed by cars with no 

one behind the wheel? A team led 

by Dirk Rothenbuecher at Stanford 

University has tried to answer the 

question using a car driven by a 

person disguised as a car seat. 

The team found that pedestrians 

weren’t too bothered – until the car 

drove on to a pedestrian crossing 

as they were about to cross.   
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NONE of their colleagues may
have noticed, but a computer
has. Churning through the police
force’s staff records, it has found
telltale signs that an officer is at
high risk of initiating an “adverse
event” – racial profiling or, worse,
an unwarranted shooting.

The Charlotte-Mecklenburg
Police Department in North
Carolina is piloting the system
in an attempt to tackle the police
violence that has become a heated
issue in the US in the past three
years. A University of Chicago 
team is helping them feed their 
data into a machine learning 
system that works out how to spot
risk factors for unprofessional 
conduct. The department can 
then step in before risk 
transforms into actual harm.

The idea is to prevent incidents 
in which officers who may be 
stressed behave with undue 
aggression, such as one in which 
an officer pulled his gun on 
children at a Texas pool party 

after responding to two suicide
calls earlier that shift. Ideally,
early warning systems would be
able to identify officers who had
recently been deployed on tough
assignments, and divert them
from other sensitive calls.

Police departments have had
systems in place for some time,
but in many cases, they simply
amount to assigning people
specifically to watch out for
officers who appear to be under
a lot of stress.

The system being tested in
Charlotte is designed to include
all of the records a department
holds on an individual officer –
from details of previous
misconduct and gun use to their
deployment history, such as how
many suicide or domestic violence
calls they have responded to. It
retrospectively caught 48 out of
83 adverse incidents between
2005 and now – 12 per cent more 
than Charlotte-Mecklenberg’s 
existing early intervention system.

More importantly, the false 
positive rate – the fraction of
officers flagged who do not go
on to act aggressively – was  
32 per cent lower than that of the 
existing system. “Right now the 
systems that claim to do this  
end up flagging the majority of 
officers,” says Rayid Ghani, who 
leads the Chicago team. “You can’t 
really intervene then.”

Ghani and colleagues will
present the results of the pilot at 
the International Conference on 
Knowledge Discovery and Data 
Mining in San Francisco this 
month. They are now also testing 
the system with the Los Angeles 
County Sheriff’s Department and 
Knoxville Police in Tennessee.

Then there is the question of 
what to do once an individual has 
been flagged as a potential risk.
The team is in the early stages
of working with Charlotte-
Mecklenburg police to find the 
most appropriate intervention, 
which could be a training course
or a discussion with a manager.
Or it might be more subtle, such
as changing the officer’s beat for
a week.

Frank Pasquale, who studies
the social impact of algorithms
at the University of Maryland,
is cautiously optimistic. “In
many walks of life I think this 
algorithmic ranking of workers 
has gone too far – it troubles me,” 
he says. “But in the context of the 
police, I think it could work.”

But he warns that the system, 
like any other, will probably 
include some biased data. For
example, a black police officer in
a white community is likely to
get more complaints than a white 
colleague, Pasquale says, because 
the police can be subject to racism 
too. Giving officers some channel 
to seek redress will be important. 
“This can’t just be an automatic 
number cruncher.”  Hal Hodson  ■

“In many walks of life this 
algorithmic ranking has 
gone too far. But with the 
police, it could work”

–Aim: to spot cops at risk of cracking–

US police turn to AI to 
curb their own violence

MEET Sea Gull, private eye. Garbage-

loving gulls in Spain fitted with GPS 

trackers have led researchers to an 

illegal waste dumping site.

Illegal dumping can be hard to spot 

because the perpetrators are often 

white-collar criminals who are good at 

covering their tracks. So Joan Navarro 

tried an unconventional way of 

finding these operations. He and 

colleagues at the Functional Ecology 

and Evolutionary Center – part of the 

French National Center for Scientific 

Research – took 19 yellow-legged 

gulls and fitted them with solar-

powered GPS trackers that 

transmitted the birds’ locations 

every 5 minutes.

The gulls ranged more than 

100 kilometres from their colony in 

search of food with the GPS tracking 

them. Five of the birds kept returning 

to a spot at a closed landfill near the 

city of Huelva. When the researchers 

took a look for themselves, it turned 

out that fresh waste had been 

dumped there illegally.

The solar power source for the 

trackers allows them to collect data 

for years, and their frequent location 

updates could let people watch for 

new illegal dump sites in real time. 

However, the gulls can only find 

organic waste – electronics, toxic 

substances and other inorganic 

objects don’t smell like food, even  

to scavengers.  Conor Gearin  ■

Detective gulls 
sniff out illegally 
dumped trash
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What’s the future of business?

We at New Scientist decided to take a look at how three of the key

drivers of business – energy, money and automation – might change

over the next decade. To do that, we’ve asked three writers with

deep understanding of these areas to tell us how they think the

future could unfold, and how it might confound our initial

expectations.

The author of our second GameChangers report in the series is

Steven Cherry, who for 15 years covered the work sector for IEEE

Spectrum, and now directs TTI/Vanguard, a members-only forum

that explores the impact and implications of future technologies for

senior business leaders.

In his report, Cherry examines the arguments for and against the

idea that automation will ultimately outsource every human job,

and explores the paradoxes inherent in both. If cognitively complex

jobs are the only ones that are safe, why is there still such high

demand for cashiers? If automation generates new jobs, why is GDP

slowing? And when can you expect the robots to take your job? To

find out, register to download your free copy of GameChangers:

Automation and Artificial Intelligence today.

Sally Adee

Editor, GameChangers

GET YOUR COPY
NEWSCIENTIST.COM/GAMECHANGERS

GAME
CHANGERS
AUTOMATION
AND ARTIFICIAL
INTELLIGENCE

ABOUT THE AUTHOR

Steven Cherry is the Director of TTI/Vanguard, a membership forum based in  
New York that explores future technologies. Previously he was a journalist and  
editor at IEEE Spectrum, the magazine of the Institute of Electrical and Electronics 
Engineers. Prior to that he was an editor at the Association for Computing 
Machinery (ACM). He founded and co-hosts the award-winning podcast series, 
Techwise Conversations, which covers technology news, careers and education,  
and the engineering lifestyle. 

IN THIS EXCLUSIVE  
NEW REPORT FIND OUT:

  Why every technological breakthrough 
takes twice as long as we expected, but 
we’re still not prepared for its arrival

 Why GDP is an increasingly limited tool 
for measuring productivity, and what that 
means for jobs and automation

   Which jobs might be safe –  
and which won’t

INTRODUCING THE SECOND IN A NEW SERIES  
OF WHITE PAPERS FROM NEW SCIENTIST



24 | NewScientist | 6 August 2016

APERTURE



6 August 2016 | NewScientist | 25

Inside a rocket factory

YOU’RE standing in a colossal edifice, gawping 

upwards. Towering above your head are the 

10 levels of platforms for working on rockets as 

they are built and readied for launch. One day this 

structure, the iconic Vehicle Assembly Building  

at Kennedy Space Center in Florida, will house  

the Space Launch System (SLS) rocket and Orion 

spacecraft for NASA’s Exploration Mission 1, due 

to launch in 2018.

It is one of the largest buildings in the world, 

covering an area of some 32,000 square metres 

and boasts more than 3.6 million cubic metres of 

space inside. It was built to house the assembly 

of Apollo/Saturn vehicles, but it has since been 

modified to support space shuttle operations.  

NASA has installed four new platforms to give 

access to SLS and Orion as they are constructed 

within the building before launch – how this 

would look is shown in the mock-up below.

While the first of Orion’s flights propelled by 

the SLS will be made with no people on board, 

Exploration Mission 1 will blaze a trail for future 

missions to Mars. Orion will perch atop the SLS, 

the most powerful rocket in the world, on its 

three-week mission into deep space. During  

that time it will travel thousands of kilometres 

beyond the moon, before returning to Earth 

hotter and faster than any spacecraft before.

The hope is that the ship could one day shuttle 

four astronauts on the first human mission to the 

Red Planet.  Harry Pettit

Photograph 

NASA/Kim Shiflett
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Y
OU don’t have to shop at Whole Foods
or hang on Gwyneth Paltrow’s every
nutritional word to have heard the

buzz – about exotic-sounding seeds that
replenish your energy and make you glow, or
obscure berries from afar that disease-proof
your organs. Such are the promises of so-called
superfoods, an ever-expanding category of
nutrient-rich foods credited with all manner
of miraculous health-giving properties – and
often priced to match.

We are certainly swallowing the hype. In a
recent survey of more than 1000 UK adults,
61 per cent admitted to buying a food because
they considered it a superfood. Thirty per cent
agreed that “superfoods are scientifically
proven to have health benefits” and 14 per cent
said they were willing to pay more as a result.
Are we being ripped off?

On the following four pages, we consider
the claims of individual superfoods, from
goji berries to beetroot juice and powdered
baobab. But before we do, some context. The
first thing is that the term “superfood” has no
scientifically agreed meaning. The Oxford
English Dictionary defines one as “a nutrient-
rich food considered to be especially beneficial
for health and well-being”, but the term was

invented to sell products. “Superfoods are
marketing gimmicks,” says Duane Mellor,
a nutrition scientist at the University of
Canberra in Australia.

In 2007, the European Union banned the
word on packaging unless it refers to a specific
claim based on convincing research from an
approved list. There are no such regulations in
the US, but the Food and Drug Administration
can take action if they find any claims to be
false or misleading.

Even where claims are not directly
misleading, scratch the surface of the
scientific jargon designed to attract health-
conscious consumers and things quickly
get murky. Sure, studies often show that
concentrated extracts or isolated compounds
found in abundance in certain foods have
particular effects in a Petri dish or a mouse.
But that does not mean they work in the same
way when people eat them (see “Breaking it
down”, page 29). Reliable, long-term studies to 
support most claims are thin on the ground.   

For the average punter doing the weekly 
shop, it can all get a bit confusing. So what’s 
the real story? Are the things we call 
superfoods any better for us than ordinary, 
everyday fruit and veg? Read on to find out.

A blueberry  
a day...
Do “superfoods” have miraculous health-giving 
properties, or are they a rotten swindle? 
Caroline Williams chews on the evidence
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Blended in smoothies, baked into crisps,

blanched or raw in salads: once dowdy kale

has become fashionable. Its main selling

point is a family of sulphur-containing plant

chemicals called glucosinolates that give all

dark-green vegetables their characteristic

bitter taste.

Glucosinolates are broken down in the

gut to release glucose and isothiocyanates,

which have been shown to stimulate

enzymes whose job it is to eliminate

cancer-causing chemicals. This much has

been shown in animal research and it is

supported by studies linking higher

consumption of glucosinolate-rich brassicas

to a lowered risk of cancer in humans,

particularly that of the gut and lungs.

Given that all brassicas contain similar

stuff in similar amounts, however, kale is

no better than white cabbage or Brussels

sprouts. One analysis revealed that several

varieties of cabbage contain as many

glucosinolates as kale.

What’s more, there are more than

100 different glucosinolates, and

each gets broken down into a different

isothiocyanate, so it is probably best to

munch all kinds of brassicas. Be warned,

though: boiling reduces glucosinolate

content, so the crunchier the better.

KALE

GOJI BERRIES

VERDICT: Super, but no more than other types of cabbage .

VERDICT: Just a berry.

Long revered in Chinese medicine, goji berries 

(Lycium barbarum and Lycium chinense) are said to 

pep your immunity, boost libido and protect against 

heart disease and cancer. But Chinese medicine also 

prizes ground-up rhino horn – and there is precious 

little research identifying the supposedly unique 

active ingredients in goji berries, never mind 

measuring their health benefits.

What research there is tends to focus on a group of

chemicals called “Lycium barbarum polysaccharides”,

or LBPs. According to a recent review of in vitro and 

mouse research, they can stop tumour growth, 

regulate blood sugar, protect eye and liver cells from 

free-radical damage and improve sperm motility.

There are reasons to be sceptical. First, few

studies define what LBPs are. Polysaccharides are

long-chain carbohydrate molecules, but in the goji

berry literature, LBPs appear to include carbohydrate 

chains linked to proteins – collections that are not 

typically considered polysaccharides. What’s more, 

there are no rigorous human trials measuring which

components get into the bloodstream and what they

do. So even if the studies of LBP extracts turn out to 

be reliable, their relevance to you is far from clear. 

The other big claim is that goji berries contain 

high levels of zeaxanthin, a compound linked to the

prevention of age-related degeneration in eye cells.

Catherine Collins, a dietician at St George’s Hospital in

London, is not convinced. “Other foods that will have 

exactly the same effects are far cheaper,” she says. If 

it’s zeaxanthin you’re after, you can get your fill from

leafy veg such as spinach and cabbage or from yellow

peppers. And although goji berries do contain more 

vitamin C than blueberries, you get roughly the same 

amount from strawberries or lemons.

SUPERFOOD VS FOOD

vs

When it comes to delivering the active ingredients thought to do you good, how do 

so-called superfoods stack up against ordinary fare? We compare 100-gram portions.

For nitrates, which can help lower 

blood pressure…

For Omega 3 fatty acids, good for a healthy heart…

For glucosinolates, which may lower the risk of cancer…

SOURCE: BRITISH JOURNAL OF CLINICAL PHARMACOLOGY, VOL 75, P 677

SOURCE: USDA SR28

SOURCE: BRITISH JOURNAL OF NUTRITION, VOL 90, P 687

This comparison is based on the amount of eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) your body gets (see page 30)
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260mg
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Beetroot

Rocket

vs

vs

Farmed Atlantic salmon

Chia seeds

Curly kale

Brussels sprouts

“Boiling reduces the glucosinolate 
content of brassicas like kale”
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The most eye-catching health claims for superfoods 

tend to be associated with particular groups of 

compounds: the glucosinolates in kale and broccoli, 

for instance, or the anthocyanins in blueberries.

Trouble is, although we can study how isolated 

compounds act on cells in a dish or in mice, it’s much 

trickier to get a grip on what foods containing these 

ingredients do inside the human body. 

“The way we do experiments is almost like a drug 

trial, testing one nutrient against something that 

doesn’t contain that nutrient, says Duane Mellor,  

a nutrition scientist at the University of Canberra  

in Australia. “Randomised controlled trials are good 

for drugs, but we don’t eat foods in isolation.” 

Nor do we have a great understanding of 

how the foods we eat are broken down into their 

molecular building blocks, how these interact with 

each other and what happens to them when, or if, 

they reach different tissues. There is also variation 

from person to person in the gut bacteria that 

influence all of these processes. And in some cases, 

cooking can reduce the levels of active ingredients 

before they pass your lips. 

“You put something in one end and it goes into this 

black box and we measure an effect,” says Mellor. “Is 

that a true effect? Unless you do very, very meticulous 

studies to measure the peaks of all the compounds 

from every bodily fluid you can get, including stools, 

you’re not going to know what’s going on.” 

The upshot is that even when scientists do put 

superfoods to the test in human studies, it’s hard to 

figure out how they perform. Hence most claims you 

hear refer to cell or mouse studies, and should be 

taken with a hefty pinch of salt. 

Breaking it down   BLUEBERRIES

“Washing quinoa removes the saponins
and the benefits they might bestow”QUINOA

A handful of human studies have shown that 

replacing cereals with quinoa, a seed that is cooked 

like a grain, can reduce blood cholesterol and help 

people lose weight. But the sample sizes are so 

small that it is difficult to draw firm conclusions. 

According to one recent review, such benefits  

are typically attributed to chemicals called saponins, 

thought to work by altering the permeability of the

gut. It may also be because they produce a bitter

taste that puts people off eating too much. Either 

way, washing your quinoa before eating it, as many 

people do, removes the saponins and thus the

benefits they might bestow.

Thomas Simnadis, a nutrition scientist at

Wollongong University in Australia, says we don’t

know much for definite. So although quinoa is a good 

addition to your diet, there is no compelling health

reason to favour it over staples like rice or wheat.

VERDICT:Eat if you like it, not forhealthbenefits.

VERDICT:Super, thoughnobetter thanmanyotherberries.

The blueberry is prized primarily for its

ability to lower the risk of cardiovascular

diseases. A 2012 study of 93,000 women,

for instance, showed that participants

who ate three or more portions of

blueberries and strawberries a week had

a 32 per cent lower risk of a heart attack

than those who chomped berries once a

month or less. The berries can’t take all

the credit, but the evidence is promising.

Such benefits are typically attributed

to a compound called anthocyanin, part

of a family of plant chemicals called

flavonoids, found in particularly high

levels in blueberries and red berries such

as strawberries and raspberries. Alas,

there’s a catch: hardly any of the

anthocyanins in berries get into the

bloodstream, says Gordon McDougall of

the James Hutton Institute in Dundee, UK.

So the idea that blueberries flood

your body with righteous compounds

that roam around mopping up cell-

slaughtering free radicals doesn’t quite

stack up. It’s possible that it is not the

anthocyanins that protect your heart,

but the chemicals they are broken down

into. These get into the bloodstream in

far higher quantities than the original

compounds, says McDougall.

There could be other explanations.

Maybe some other component stimulates

your own free-radical defences. Or 

perhaps anthocyanins act as benevolent 

gardeners for your colon microbiome, 

nudging it towards a healthier mix. 
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HIA D

The ancient Maya used chia seeds for thousands of

years to make everything from flour for tortillas to

tea. Now they are one of the trendiest superfoods,

often said to be a great source of omega 3s – fatty

acids thought to reduce the risk of cardiovascular

disease and depression.

Chia seeds contain roughly 17 grams of omega 3s

per 100-gram serving. At first glance, compared with

oily fish, that looks impressive: a 100-gram portion

of farmed Atlantic salmon gives you 2.2 grams of

omega 3s. Unlike salmon, however, the fatty acids in

chia seeds come as alpha linolenic acid (ALA), which

the body has to convert to eicosapentaenoic acid

(EPA) and docosahexaenoic acid (DHA) to get the

cardiovascular health benefits.

We don’t do this conversion very well. It varies, but

the median efficiency is 10 per cent, so the amount

of EPA and DHA you get from 100 grams of chia seeds

drops to 1.7 grams, fewer than from salmon. You also

have to consider that to convert ALA, your body has

to digest the seeds to extract the fats – and we all

know that some seeds pass straight through.

For omega 3s, then, it might be better to smash up

your chia seeds in a smoothie. Then again, if you’re

after soluble fibre to mop up bad cholesterol, whole

seeds are the way to go. Two tablespoons provides

around 30 per cent of your daily intake. So with chia

seeds you can have your fibre and eat your omega

3s – just not necessarily in the same serving.

VERDICT:Good,butoily fishpacksmoreomega3s.

CHOCOLATE

BAOBAB

VERDICT: Fineoccasionally, butnohealth reason togorge.

VERDICT:Nothingyoucan’t getelsewhere.

“There is three times more
vitamin C in an orange than a
serving of powdered baobab”

Everyone wants chocolate to be virtuous, 

but the evidence is flaky. The most 

commonly heard health claims centre on 

chemicals called flavanols, found in cocoa 

beans. Studies with cell cultures and rats 

have shown that cocoa flavanols increase 

production of nitric acid, a precursor to 

nitric oxides, which are known to relax 

blood vessels and regulate blood pressure. 

Human studies, on the other hand, have 

produced conflicting results. 

A solid-looking 2012 review concluded 

that flavanol-rich chocolate, meaning the 

dark and bitter stuff, may slightly reduce 

blood pressure – at least in the short term. 

But long-term trials are needed to see if the 

effects last. Duane Mellor, a nutrition 

scientist at the University of Canberra in 

Australia, who has spent years researching 

the health benefits of cocoa flavanols,  

is cautious. “We’ve got some statistical 

significance,” he says. “Whether it is actual 

clinical significance, I’m not convinced.” 

What’s more, the promise of 

cardiovascular benefits from chocolate 

has to be weighed against the fact that 

to make it, manufacturers tend to 

combine cocoa with large portions 

of sugar and fat. That’s not to say that 

chocolate, especially the cocoa-rich 

stuff, is something you should avoid or 

feel guilty about – just don’t think you can 

gorge on it as shortcut to keeping your 

blood pressure down. 

The fruit of the baobab tree, found only 

in sub-Saharan Africa and Madagascar, 

contains a powdery white pulp. Its 

particular mix of calcium, magnesium, 

potassium and vitamin C is supposed to 

make it a potent elixir for energy release 

and immune function. Hence you can now 

buy baobab powder to add to your drinks. 

The trouble is, there is no indication as 

to why this particular blend would be so 

beneficial. The amount of each nutrient 

per 10-gram serving of powder, according 

to one manufacturer’s label, is relatively 

small: there is roughly three times more 

vitamin C in an orange, and there is twice 

as much potassium in a banana. What’s 

more, no one has presented any evidence 

to suggest that they somehow work 

wonders when put together. 

If there are any particular benefits 

to be had from powdered baobab, they 

might lie in its ability to slow down the 

release of sugars from other foods. A recent 

human study showed that adding baobab 

powder to white bread significantly 

reduced sugar release for up to an hour 

after eating it as part of a meal. 

Researchers speculate that polyphenols 

or tannins in the fruit might bind to starch 

molecules to prevent breakdown in the gut 

or inhibit sugar-releasing enzymes. Then 

again, it might be that including baobab 

raises the fibre content of your meal. 

Whatever the reason, if you’re looking to 

slow down sugar release, there are plenty 

of other options. As long as you’re eating a 

variety and fruit and vegetables, which will 

give you a decent amount of fibre and 

polyphenols, there is no need to splash 

out on baobab powder.  
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KIMCHI AND KEFIR

Kimchi is a Korean side dish made of fermented

cabbage; kefir is a fermented milk drink from the

Caucasus mountains in eastern Europe. These  

and other fermented foods have been around  

for centuries, only to suddenly receive acclaim as 

microbiome-balancing paragons of dietary virtue.  

Some of their powers are put down to the 

fermentation process, in which bacteria partially

digest the food, releasing a greater hit of nutrients.

Indeed it seems to improve the availability of iron, 

essential for making red blood cells: one recent study 

in humans showed greater absorption of iron from 

fermented mixed vegetables than fresh ones. 

The biggest health claim, however, is the 

supposed effects on your gut microbiome – the 

billions of bacteria that reside in your intestines, 

quietly regulating all kinds of bodily functions. The 

idea is that the fermentation process increases 

the numbers of beneficial bacteria naturally present

in the food and, when you eat it, in your body.

Animal studies suggest that fermented foods

might encourage a healthy mix of microbes in the

gut. Adding kefir to the diets of mice, for instance, 

increased the population of beneficial bacteria like 

Lactobacillus and Bifidobacterium in their intestines

and reduced potentially harmful ones.

However, John Cryan of University College Cork

in Ireland, who studies the gut microbiome, urges

caution when it comes to the benefits for humans.

Fermented foods do look as if they could benefit gut

flora, he says, but what this does for your health is

not clear. “It’s early days,” he says.

VERDICT: May be good for gut bacteria.

COCONUT WATER WHEATGRASS

VERDICT: No better than water. VERDICT: Whole shot of nonsense.

“The idea is that
fermentedcabbage
increases thenumber
ofbeneficial bacteria
living inyourgut”

When it comes to hydration, what could 

be better than water? The clear liquid 

tapped from young, green coconuts has 

been dubbed “nature’s sports drink”. 

But two recent studies comparing it 

with isotonic sports drinks and ordinary 

water found no difference in terms of 

how well they hydrated volunteers 

after vigorous exercise.  

The claims for coconut water appear to 

rest on the idea that its higher potassium 

levels enhance water absorption. That 

doesn’t stand up: according to another 

recent study, neither coconut water nor a 

potassium-rich sports drink scored higher 

on fluid retention than water. Besides, you 

shouldn’t have any problem absorbing 

water so long as your diet contains 

adequate amounts of salt. 

Fans of the wheatgrass shot, the dark-

green juice squeezed from the young 

shoots of wheat, insist that it will flood  

your tissues with oxygen. The story goes 

that chlorophyll, the compound that plants 

use to make sugars via photosynthesis,  

is structurally similar to haemoglobin,  

the protein in red blood cells that carries 

oxygen around the body. So as there is 

more chlorophyll in wheatgrass shoots than 

in other edible plants, you get more oxygen. 

It’s nonsense. Chlorophyll is found in

similar concentrations in many green

vegetables. More to the point, there is 

no evidence to support the idea that

chlorophyll functions anything like

haemoglobin. Even if it did, it wouldn’t 

get into the bloodstream because 

chlorophyll gets broken down in the gut.

BEETROOT UICE

No longer just soaked in vinegar and served from 

a jar, beetroot is now lauded as a blood-pressure 

lowering, metabolism-revving superfood. The main 

do-gooders are said to be nitrates. These are 

converted into nitrites by saliva and then pass 

through the stomach, where they are converted into

nitric oxides – compounds that relax blood vessels.

Indeed, studies have shown that dietary nitrate

brings down blood pressure and improves circulation.

It might even jump-start your gym routine: one study 

found that a 500-millilitre glug of beetroot juice per 

day, containing 400 milligrams of nitrate, improves 

exercise performance, buying people an extra

90 seconds of intense exercise before exhaustion.

Maybe don’t overdo it, though. The European

Food Safety Authority (EFSA) puts the safe limit for 

dietary nitrate intake at around 260 mg per day for an 

average adult – that’s equivalent to two whole beets 

or one 300 ml glass of beetroot juice. The main 

concern is that if nitrites combine with protein in the 

stomach, they could potentially form nitrosamines,

which may contribute to gastric cancers. The link is

not proven, and adding vitamin C may prevent the

formation of nitrosamines. Even so, Collins says it 

might be possible to have too much of a good thing.

On balance, nitrates are a good addition to

your diet and beetroot is a great source. As ever, 

though, there are plenty of alternatives out there: 

lettuce, rocket and other leafy vegetables are 

perfectly good sources too. 

VERDICT: Good stuff, just don’t overdo it.
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W
HAT is a human? This is possibly
the oldest question in the Western
intellectual tradition. Today, there are

three influential and competing definitions.
The first is the Christian theological view that
humans are made in the image of God. The
second is a more philosophical position that
defines humans as possessing certain
capacities, such as self-consciousness and
rationality. Finally, there is the biological view,
where humans are defined – and differentiated
from animals – by their DNA.

This is more than an academic debate.
Scholars have long argued that these
definitions matter in the real world because
they influence how people treat one another.
Proponents of each definition claim that if the
public accepts the “wrong” one, we will end up
mistreating other humans.

Christian theologians have long claimed,
for example, that if we reject the idea that 
humans are made in God’s image, we will no 
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When human rights 
become wrongs
Accepting the idea that we are biological machines can 

lead us down a dangerous path, finds John H. Evans



6 August 2016 | NewScientist | 33

longer see them as sacred and begin to see
them as entities we can use for our own ends.
Things like torture would become more
acceptable. Social scientists and bioethicists
have similarly argued that the biological view
leads people to think of humans – ever so
slightly – as being like other animals or
objects, and treat them as such. As a result, the
argument goes, a practice like buying organs
from poor people will seem more acceptable.

These are important claims. Are they true?
Some episodes from history suggest they
might be. The paradigmatic claim of this kind
is that the Nazis had a false notion of humans
based on pseudoscientific racism, and this
contributed to the Holocaust. Similarly, the
eugenics movements of the 19th and 20th
centuries focused on a list of valued human
capacities, and held that people with fewer
of these capacities should be valued less.

What about today? To answer, it is 
important to note that what humans actually

are is irrelevant: people act on what they think
is true. The debate thus boils down to an 
empirical question: what do people think, and
how do they think others should be treated?

Empirical claims are there to be tested. In 
the first social science study to tackle this 
question, I examined public attitudes among
a representative survey of more than
3500 adults in the US. I started by asking 
people how much they agreed with very strict
versions of the three definitions of a human. I
also asked them how much they agreed with
four statements about humans: that they
are like machines; special compared with 
animals; unique; and all of equal value. These
questions were designed to assess whether 
any of the three competing definitions are 
associated with ideas that could have a 
negative effect on how we treat one another.

I finished with a series of direct questions 
about human rights: whether we should risk 
soldiers to stop a genocide in a foreign 
country; be allowed to buy kidneys from poor
people; have terminally ill people die by

suicide to save money; take blood from
prisoners without their consent; or torture
terror suspects to potentially save lives.

What came out was very striking. The more
a respondent agreed with the biological
definition of a human, the more likely they
were to see humans as being like machines
and the less likely they were to see them as
special, unique or all of equal value. On the
human rights questions, they were less willing
to stop genocides and were more likely to
accept buying kidneys, suicide to save money
and taking blood from prisoners.

In contrast, those who agreed with the
theological view were less likely to agree with
suicide to save money and taking blood from
prisoners against their will.

Shockingly, then, the critics appear to be
right. People who agree with the biological
definition of a human are also more likely to
hold views inconsistent with human rights.

Before anyone concludes that dystopia is
upon us, note that only 25 per cent of the US
public agreed with the biological definition.
What’s more, this study is far from the last
word on the topic. It was only about what
people think instead of what they do, and
did not distinguish cause and effect
(demonstrating causality with social
science is notoriously difficult).

That said, these findings suggest a real

problem for those who subscribe to both the 
biological view of humanity and to human 
rights. The most influential person in that 
position today is Richard Dawkins. He is an 
advocate of the view that humans are DNA-
based machines. He is also an honorary vice 
president of the British Humanist Association, 
which promotes human rights and recognises 
“the dignity of individuals”.

Sincere but short-sighted

In light of my results, many humanities 
scholars would see some tension between 
these two positions. I do not doubt anyone’s 
sincerity in believing in both the biological 
definition of the human and in human rights, 
but promoting the former risks undercutting 
public support for the latter.

What is to be done? If Dawkins’s priority was 
human rights, he could switch to teaching us 
that we are made in the image of God. This isn’t 
going to happen, and it shouldn’t; nobody 
should change their view of what a human
truly is. In any case, Christian definitions of
the human have not always been a recipe for
the humane treatment of others.

The answer, I think, is for influential people
like Dawkins to try to sever the link the public
apparently makes between definitions and
treatment. The way to do this is to promote
the idea that however a human is defined,
humans are sacred.

This sacredness does not have to be of the
religious variety: it could be based on secular
ideas of dignity found in many European
constitutions, treaties and human rights
documents. (Incidentally, I suspect that if my
study was replicated in a secular European
country, it would get similar results. Fewer
people would subscribe to the theological
view, but attitudes to human rights would be
tempered by secular notions of dignity found
in those constitutions and treaties).

Therefore, whenever we talk about the
biological view of humans, we must also say
that it does not mean we should treat people
like machines. Dawkins, to his credit, often
does this in interviews, but he should redouble
his efforts. Yes, the public is apparently
making the mistake of mixing up an “is”
(what humans are) with an “ought” (how
they should consequently be treated). But 
academics need to be attuned to the fact that 
some ideas have unintended consequences.  ■

John H. Evans is a professor of sociology at the 

University of California, San Diego. This article is 

based on research published in his latest book 

What is a Human? What the answers mean for 

human rights (Oxford University Press) 

“The biological view of 
humans can lead us to see 
them as being like objects”

Should we send troops 

to prevent atrocities 

such as the Rwandan 

genocide of 1994?
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W
E’VE all been there. You had it in
your sight just a moment ago, then
you turn your back for a second and

it’s nowhere to be seen. It’s bad enough with
car keys or the remote control. Just imagine
if you’d lost half the universe.

Yet that’s exactly where cosmologists find
themselves. The problem lies not with dark
matter or dark energy, those mysterious
substances that measurements tell us make
up most of the cosmic mix. This is about
normal, visible matter. Our best estimates say
it makes up only about 5 per cent of all the
stuff out there. Yet we’re hard pressed to find
even half that.

The other half went missing about 13 billion
years ago and nobody’s seen it since. Tracking
this missing matter down isn’t just a question
of pride. Working out where it went – and
how – could shed light on the fate awaiting
everything else in the universe. Now suspicion
has fallen on an unexpected culprit: black
holes. But these are black holes set not to
suck – but to blow.

We’ve long known that our universe
plays host to vast quantities of invisible stuff.
Since the 1930s, astronomers have wrestled
with the fact that galaxies are spinning much
faster than their apparent densities should

allow. Calculating the amount of mass
needed to keep the stars from flying off
into the darkness revealed that only a few
per cent of each galaxy’s total mass is visible
to us. The rest is labelled dark matter, a
fundamentally different type of substance
that interacts with the ordinary universe
only through gravity.

Measurements of the cosmic microwave
background, rays of light that have been
travelling the universe since 380,000 years
after the big bang, tell us that dark matter once
outweighed normal matter by more than
5 to 1. As there is no process we know of by
which normal matter would change to dark
matter, or vice versa, much of modern
cosmology assumes that ratio stays the same
throughout cosmic history.

Where theotherhalf lives

We’ve been hard-pressed to find that same
ratio today. Astronomers measure how
much of both kinds of matter the universe
has by mapping how background light is bent
by its combined gravitational pull. But when
they tot up the mass of all the stuff we can
see – from stars to gas to black holes to
planets – they get a surprising result. The 

Mis ing
Billions of years ago, half the universe’s visible matter disappeared. 
The monstrous culprit might have been unmasked, says Liz Kruesi
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visible components make up closer to one-
tenth than one-fifth of the total mass. 

The same is true when they look out to 
greater distances, which is equivalent to 
looking further and further back in time. The 
results suggest a staggering conclusion: 
sometime in its first billion years, half of the 
normal universe settled down, forming stars 
and galaxies. The other half went missing.

“The word missing is kind of a colloquial 
way of putting it,” says Princeton University 
astrophysicist Neta Bahcall. No one really 
disputes that the matter must be out there 
somewhere. But where is it? It’s the largest 
scavenger hunt in history, and the list of 
hiding places is as vast as the universe itself.

Fortunately, there are clues to help narrow 
the search – starting with the fact that this 
missing matter is invisible. To the naked eye, 
much of the universe is. Our senses are 
attuned to light in a narrow part of the 
spectrum, emitted by objects in the 
temperature range relevant for human
activity – anything from a few degrees below
zero up to a few thousand°C, the temperature 
of the sun’s surface. 

Even with a powerful telescope designed to 
detect this light, you miss out on much that 
the night sky has to offer. Most of the 



6 August 2016 | NewScientist | 35



36 | NewScientist | 6 August 2016

universe is unimaginably cold: at around 
-270 °C it is less than 3 degrees above absolute 
zero. The slowly vibrating molecules here emit 
light at much lower frequencies – in the 
microwave range. Over decades, we have 
slowly refined our capability to pick up this 
light, but scanning these frequencies has not 
turned up the missing mass. 

When we turn to the other extreme, where 
matter is so hot that it emits ultraviolet waves, 
our technology starts to fall behind. And as 
for the X-rays emitted by matter heated to 
millions of degrees, our capabilities are even 
poorer. All of that leads us to think that the 
missing matter probably emits X-ray light, 
burning brightly enough to pass unseen at 
around a million °C. That’s roughly the 
temperature of the sun’s corona, its fiery 
outermost layers.

At which point you might cry foul: we can 
see the corona. That’s true, but it is much more 
difficult to see than the sun’s cooler surface, 
and it is the density of matter in the corona – 
as well as our proximity to the sun – that gives 
our detectors a fighting chance. This provides 
another clue to the identity of the missing 
matter: it must be wispy and dispersed. 

But where might such sparse-but-sizzling 
material be lurking? Over the past few years, 
astronomers have begun to speculate that it 
could lie surprisingly close to home, in 
galaxies like our own Milky Way. With today’s 
telescopes, we can account for nearly all the 
Milky Way’s stars, as well as the gas and dust 
that float between them. Assuming the 
usual dark matter ratio holds true, these 
components should tally up to roughly 16 per 
cent of the galaxy’s mass. But even here we 
come up short. Half of the normal matter 
that’s supposed to be visible isn’t.

It may seem counter-intuitive to propose 
invisible clouds of roiling hot gas in the 
apparent calm of the Milky Way. But 
galaxies are not peaceful places. The 
relentless pull of their gravity acts on diffuse 
streams of gas surrounding them, drawing 
the matter in to fuel star formation and galaxy 
growth. As those streams of protons and 
neutrons, collectively known as baryons, fall 
in, they gain energy, raising their temperature 
and speed. At some point, the free-falling gas 
hits other material accreted thousands of 
years earlier. This collision is so violent that 
it stops the newly congregating material in 
its tracks, heating it up to 2 million °C and 
propelling some of it away from the galaxy’s 
central regions. 

Think of the galaxy like a bathtub, says 
Michael Anderson of the Max Planck Institute 
for Astrophysics in Garching, Germany, with 
the inflowing streams of baryons playing the 
role of water. “Some of them are cooling in the 
bathtub and forming stars. They’re also going 
out the drain.” And there, a competition of 
forces ensues. The galaxy’s gravity pulls the 
hot baryons back towards its centre while their 
high-energy jiggle pushes them away. The 
consequence is they surround the galaxy in 
a diffuse halo of hot gas. “The same thing 
that gives us the atmosphere around the Earth 
gives us the atmosphere around a galaxy,” 

says Joel Bregman, an astrophysicist at the 
University of Michigan.

We might not be able to spot this halo 
directly, but we should be able to see its effects. 
As light from distant galactic centres shines 
across the universe, the clouds of gas and dust it 
passes through absorb light of specific colours, 
revealing details about their temperature and 
composition. For the last decade, Bregman 
and his colleagues have been staring at these 
cosmic searchlights through our own galaxy 
in an attempt to identify just how much 
invisible gas the Milky Way contains. 

Bregman’s observations have shown that 
our galaxy could be encircled by just such 
an atmosphere, hosting roughly the same 
amount of baryonic matter as the galaxy’s 
luminous parts, yet spread across a volume 
many thousands of times as vast.

So, problem solved? Not quite. These hot 
haloes help solve the problem of underweight 
galaxies, but Bregman calculates that this  
only accounts for half of the baryonic matter 
needed to balance the cosmic scales. And 
explaining the whereabouts of the rest is 
where things start to get really interesting. 

There are some mundane explanations. 
Bregman, for example, believes we could find 
the rest within galaxies if we look even farther 
out from their centres, in the distant regions 
where their gravitational pull fades away. 

Bahcall thinks we might not even need to 
do that. We’ve ventured out far enough to 
account for all the missing matter already, 
she says – the only problem is that the 

Cosmic clean-up

Black holes at the heart of galaxies could act 
as cannons, iring visible matter into the voids, 
where we cannot see it

Discs of dust and gas form around the event 
horizons of black holes

As matter gets pulled in by the black hole’s 
strong gravity, around 10% is converted 
to energy. This accelerates some of the 

remaining matter away from the black hole

These jets shoot particles into the cosmic voids, 
heating vast bubbles of gas as they go

“ Some bits of matter are 
cooling in the bath. Others 
are going down the drain”
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measurements have been carried out by
different teams who haven’t had the chance
to combine their results. She’s working on
combining them now, and although she
cautions that there will inevitably be some
uncertainty in the final result, she believes
there’s a fair chance we can make things add up.

Others are not convinced. After all,
galaxies themselves are a tiny fraction of
the universe’s volume. Held together in vast
clusters, they lie at the intersections of
filaments that thread together to form what
is known as the cosmic web. In the gaps
between the cosmic web’s filaments are voids
billions of times emptier than any vacuum
we can build on Earth. Perhaps the missing
matter is going to turn up here.

Searching for any matter hiding in these
voids is fraught with complexity. And it raises
another thorny question: what in the cosmos
could propel the matter out of the clutches of
the cosmic web and into voids millions of light
years away? That would require far more
energy than most galactic processes could
generate. 

Shy Genel of Columbia University in New
York is one astronomer pointing the finger in a
surprising direction: at black holes. For the
past five years, Genel has been a core member
of the Illustris project, one of the biggest and
most complex universe simulations ever built.
Run on a global network of supercomputers,
Illustris is the closest we can get to recreating
the universe in the lab. Part of its power lies in
allowing researchers to dictate the strength of

any processes they like, even if the detailed
physics remains blurry. So you can, say,
adjust the parameters of your black hole
behaviour as you want, and see what sort of
universe emerges.

Genel’s initial interest lay in following how
galaxies live and die, a problem indirectly
related to the mystery of the missing baryons.
In their attempts to build a model universe
that resembles our own, however, Genel and
his collaborators were surprised to find
themselves with black holes strong enough
to catapult vast quantities of matter into the
voids (see “Cosmic clean-up”, left).

We tend to think of black holes as
inescapable whirlpools, not cosmic cannons,
but their powerful gravitational fields make
them among the most efficient energy
generators in the universe. As material from
the surrounding galaxy falls towards a black
hole, nearly 10 per cent is converted to energy.
This is enough to accelerate some of the
remaining particles very close to the speed
of light, causing them to shoot out from the
accretion disc in two jets in opposite
directions. The jets barrel through the galaxy,
sharing that energy with the gas they
encounter, says Genel. “In some cases, they go
well beyond the host galaxy of the black hole.”
Astronomers have seen exactly that effect in
galaxy clusters, as enormous bubbles of hot
gas expand away from the galactic centre.

The Illustris simulation showed that black
holes could be powerful enough to throw
baryons out far beyond the outer reaches of a
galactic cluster. But there was a problem. In
the first – and so far only – full Illustris run, the
effect of black holes was so strong that some
galaxy clusters lost nearly 90 per cent of their
baryons. It’s an overestimation that the team
has been working over the past year to correct,
recalibrating their descriptions of black holes
to make them more realistic, in line with the
observed figure of around 50%.

If they succeed, it means not only that the
missing baryons could be floating through
the cosmic voids, but that black holes are 
pumping out more to join them all the time. 
We already know that over the next few 
billions of years, galaxy clusters will drift 
farther and farther apart thanks to dark 
energy and the universe’s ever-faster 
expansion. But if baryons are disappearing 
down the plughole faster than the faucet can 
replace them, these clusters might start 
crumbling apart as well. Our universe’s  
distant future is starting to look rather bleak.

Of course, a computer simulation can only 
tell you so much. “[This field] is being led by 
the observations, not by simulations,” says 
Bahcall. So what we’d really like to do is find 

out if this gas is actually there. And while our 
current ability to see X-ray radiation across the 
universe is severely limited, our eyes are about 
to be opened. The next planned large-scale 
X-ray instrument should be able to see some 
of the diffuse gas at the million-kelvin 
temperature range — provided it’s where 
astronomers think it is. The European Space 
Agency’s Athena mission will be 100 times 
more sensitive than the X-ray telescopes 
currently in orbit. 

The telescope won’t launch until 2028 at the 
earliest. And NASA has its own project in the 
works. ARCUS is a telescope designed to use 
the bright lights of distant galaxies to sample 
all of the hot X-ray gas within the gravitational 
boundaries of many galaxies. If it gets the 
go-ahead, it could be in operation by 2023.

Bregman can hardly wait. “If we don’t see 
most of the baryons at that point, I’ll be 
thoroughly disappointed,” he says. “That is 
our best shot.” Discovering them would be 
huge for cosmology. Our understanding of 
galactic evolution depends on understanding 
what happens to baryon clusters, and our 
reconstructions of the early universe emerge 
from the way baryons behave. Like a pair of 
headlights on a darkened country road, 
baryonic matter is the only visible sign we 
have of something much larger going on in 
the background. This missing 2.5 per cent of 
the cosmos could be our most valuable tool for 
understanding everything else.  ■

Liz Kruesi is a writer based in Austin, Texas 

Planned X-ray probes 

give us our best shot 

at spotting missing 

matter

Mostly missing

Only a small fraction of the universe is visible 
to us today

68% dark energy

27% dark matter

2.5% visible  
matter

2.5% invisible 
matter

“Their gravitational fields 
turn black holes into 
cosmic cannons”



38 | NewScientist | 6 August 2016

E
NTERING the woods is like diving  
into a dappled sea of green. The rustle of 
leaves and sounds of birds fill the air. 

“That croaking sound is a raven. The cat-like 
mewling, a buzzard,” says ecologist Ben 
Sheldon. Blackcaps, wrens and robins are also 
making themselves heard, but we’ve come  
to Wytham woods near Oxford, UK, to visit 
some other birds.

This 4-square-kilometre tract of classic 
English woodland was bequeathed to the 
University of Oxford in 1943 by a wealthy 
couple after the death of their beloved 
daughter, on the condition that it be used for 
teaching and research.

Four years later, biologist David Lack  
started a project that continues today. One of 
the pioneers of evolutionary ecology, he was 
looking for a population of wild animals  

that he could use to measure some basic 
parameters, such as lifespan and population 
size. The birds of Wytham woods – particularly 
its great and blue tits – were just what he 
needed. “At that time, some of the things we 
now take completely for granted about the 
way that wild populations work were not 
known at all,” says Sheldon. “It is amazing  
how little we understood.”

Lack died in 1973 but his work goes on:  
the Wytham Tits Project is the longest-
running field study of birds anywhere in the 
world. “If there were a Nobel Prize for Ecology, 
and if you could award it to a place rather  
than a person, Wytham Woods would surely  
be a prime candidate,” wrote zoologist  
John Krebs, who worked at Wytham in the 
1960s and is now president of the British 
Science Association. 

Sheldon is the latest in a line of Oxford 
biologists to oversee the project. One reason 
tits are ideal to study, he tells me, is because 
they have a strong preference for breeding  
in nest boxes rather than natural cavities. 
Wytham has 1200 boxes, enough to house its 
population of about 700 breeding pairs of 
great tits and blue tits with room to spare. 
“Sometimes you open a box to find a bat 
looking at you, seeming a bit cross,” he says.

As we head to our first box of the day, 
Sheldon explains that having the birds  
exactly where you want them means they  
can easily be weighed, measured and tagged. 
He and his team tag up to 10,000 every year, 
many before they leave the nest.

This morning, one of the team has
captured an adult. Sheldon deftly tags the
bird, places it head first in a small plastic 

If you go down to 
the woods today…
…you might find Ben Sheldon, head of an 
ecology experiment that has been running 
continuously for nearly 70 years
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Ecologists Ben  

Sheldon and Ella Cole 

head into Wytham 

woods in search of 

great and blue tits.  

Oak trees host one of 

the birds’ prime food 

sources, the winter 

moth caterpillar
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cylinder and weighs it. A moment later
the bird is gone. They are very tolerant of
being handled, Sheldon says.

Each bird gets two tags: a metal ring on
one leg – the traditional approach – and a
RFID tag on the other. Introduced to Wytham

in 2007, RFID tags have revolutionised the
collection of data, enabling the team to track
the comings and goings of individual birds.
“By the end of each year, we’ve got in excess of
15 million location/date points,” says Sheldon.

After almost seven decades, you might 
think surprises were hard to come by, but the 

advent of RFID and other technologies means
that there are always new questions to ask.

Sheldon’s colleague Ella Cole recently
took some tagged great tits into the lab to test
their problem-solving abilities. It turned out
that the smartest birds occupied much smaller
territories in the woods. “Good problem-
solvers can manage much more effectively
in a smaller space – they can extract what
they need more efficiently,” says Sheldon.

The project’s historical depth can also 
uncover secrets. The team can trace family 
trees of tits back 40 generations. “In human 
terms, that would be back to around the time 
of the Norman conquest,” Sheldon says.

That gives them access to detailed data  
from the decades before climate change was  
a significant factor, and so offers some of  
the best intelligence about how it can affect 

ecosystems. “We are seeing big changes in the
annual life cycle. Key moments such as egg
laying happen about two and a half weeks
earlier now than in the 1970s,” says Sheldon,
“but the birds are coping quite well.”

Sheldon sees the project running far into
the future, but is excited by prospects in the
shorter term. “Within 20 years the tags will get
small enough, and smart enough, that we’ll be
able to track entire populations in real time,”
he says. Combining this with advances in 
genetic analysis and forest sensor technology, 
he says, “will enable us to understand many 
ecological processes at scales that right now 
we just can’t comprehend”.

While the technology in Wytham is racing 
ahead, you wouldn’t know it from walking 
through the woods. To them, 70 years is no 
time at all.  Sean O’Neill  ■  
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“In human terms, this is like 
tracing bird families back to 
the Norman conquest”

This 14-day-old great tit 

nestling was ringed, weighed 

and fitted with an RFID tag 

before being returned to the 

comfort of its nest
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Denying To The Grave: Why we ignore 

the facts that will save us by Sara E. 

Gorman and Jack M. Gorman, Oxford 

University Press, £19.99

Calling the Shots: Why parents reject 

vaccines by Jennifer A. Reich, New York 

University Press, $29.95 

“I THINK people in this country 
have had enough of experts,” 
declared politician Michael Gove 
in the run-up to the UK’s June 
referendum on membership of 
the European Union. Gove, a 
prominent Leave campaigner 
compared to Machiavellian 
maestro Frank Underwood in  
the US TV series House of Cards,

was backed by fellow campaigners
in his anti-expert stance. And 
despite dire warnings by 
economists, bankers and others,
over half of those who voted 
opted to leave.

The warnings of the Remain 
camp – aka “Project Fear” to the
Leavers – may now turn into fact.
After the vote, sterling plunged to
its lowest level against the dollar
in 31 years, the UK’s stock indices
fell, and many firms put building
and hiring plans on hold. Social
and political instability are rife –
with a spike in race hate crime and
prolonged chaos in Parliament.

Perhaps a new book, Denying

to the Grave by public health 
specialists (a father and daughter
team) Sara Gorman and Jack 
Gorman, can help us understand
why facts and statistics fall on 
deaf ears time and time again. 

They start by putting things  
in perspective: lifetime odds of 
dying from heart disease in the  
US are 1 in 5, while the odds of 
contracting Ebola from Thomas 
Duncan, the only person to die of 
it in the US in 2014, were 1 in 13.3 
million. Yet public hysteria lead to 

African Americans and Africans 
visiting the US being “shunned, 
abused... even beaten”.

And genetically modified crops
and nuclear power still fill the
public with fear. Yet in 2012, 1 in 8
deaths worldwide was caused by 
air pollution, aggravated by our 
reliance on fossil fuels, according

to the World Health Organization,
never mind the effects on climate.

Then there are vaccines. While 
vaccines can and do save lives, 
many parents worry about 
immunising their children.  
The authors write that “we make 
decisions about the health of 
ourselves and our families based 

on emotion rather than on the 
analysis of the scientific data”.

There are many reasons for
rejecting scientific evidence,
but for the authors “stupidity
is not one of them”. Intelligent
people, they say, make seemingly
irrational decisions but it isn’t
for lack of information – at least, 
not most of the time. 

Why do smart people make 
decisions and adopt positions 
with no basis in fact? Denying to 

the Grave lays out many theories, 
including conspiracy theories, 
charismatic leaders as heads of 
anti-science movements, our own 
unshakeable belief in our beliefs 
(the so-called confirmation bias), 
a tendency to incorrectly infer 
causal links, fear of complexity, 
and poor risk perception.

The book is thoughtful,  
exploring the psychology, 

neurobiology and evolutionary
roots that underpin some of our 
decision-making, which can make 
adaptive behaviour maladaptive.

So, what is the sure-fire recipe 
for getting a message across?  
First, activate the brain’s emotion 
centre, the amygdala, using 
inflammatory and emotional 
words and images, which also 
trigger strong hippocampal 
memory. This will inhibit the 
prefrontal cortex, the orchestrator 
of reason and emotional control 
in the brain. It turns out that first 
impressions are everything: once 
primed to make a decision by an 
emotional appeal, subsequent 
appeals, even if emotional, fail to 
dislodge the original one.

Charismatic anti-science 

CULTURE

The matter with facts 
From vaccines to Brexit, why do we ignore expertise, asks Shaoni Bhattacharya

Despite all the “smart” advice, 

Brexit prevailed at the polls

“Why do smart people  
make decisions and  
adopt positions with  
no basis in fact?”
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leaders are good at this. Often
portraying themselves as “lone
wolves” standing against power,
they tap into this emotional brain.
Scientists need to “get there first”,
say the Gormans.

Emotion and denial

Of course, some of the public
mistrust of experts is justified.
Conspiracies do happen. The
tobacco industry and some of
its scientists are a case in point,
for years denying links between
cigarette smoking and cancer,
with devastating consequences.

What is most clear, however, is
the role of emotion in the denial
of facts – and the inability of
educators and scientists to grasp
this. The problem with science is
that quotingp-values at the public
just does not wash emotionally.

This is where a new book by
sociologist Jennifer A. Reich
excels. Cutting through to the
heart of the problem,Calling the
Shots straightforwardly wields
emotion, but shot through with
science. It tells the story of a little
girl with leukaemia whose family
were looking forward to a break
after months of treatment. Their
relief is shattered when they find
their 3-year-old has been exposed
to measles at the hospital. The
patient had contracted it in
Disneyland, where an outbreak 
infected 169 unvaccinated people.

Reich also provides a thought-
provoking insight into the 
cultural and sociological forces 
controlling how Western parents
behave and think, with a historical
perspective on vaccination and its
twin, the anti-vax movement. 

She shows the variety of 
societal conflicts, notably the 
clash between informed consent 
with its emphasis on individual  
choice, and community health 
and wider social responsibility.  

Colour and Vision, Natural History

Museum, London, to 6 November

TAKE time over Liz West’s
captivating neon artwork in the
foyer of London’s Natural History
Museum, because darkness awaits
at Colour and Vision, its latest
exhibition. It’s not that the sun
didn’t shine 550 million years ago,
where this story begins – just back
then there were no eyes to see.

The basic chemical and
structural components of vision
existed long before it evolved.
Something happened to make
eyes viable, although the exact
nature of that innovation remains
mysterious. But once visual
information meant something,
there was no stopping it – or life.
For with vision comes locomotion,
predation, complex behaviour,
and, ultimately, consciousness.

Colour and Vision does a
great job of explaining colour’s
role in this story, although
sometimes the curators bite off
more than they can chew, as when
they try to explain the difference

between half a dozen kinds of 
compound vision.

The best insights come from 
the objects themselves. A sample 
card of dyed wools reminds us just 
how hard it has been for humans 
to extract colours from their
environment. For most of our 
history we have used a dead-leaf 
palette. In contrast, Gouldian
finches boast heads of different 
colours (black, red, yellow), cowries 
wrap their bodies around colourful
shells, and molluscs lay down
iridescent nacre – one of nature’s
most beautiful materials – simply
to strengthen their shells.

We, however, need an entire 
industrial base before we can
say with any honesty, as the
exhibition does, that “we are the 
only species with the power to
choose what colour means for
us”. Even then we are constantly 
reminded that our colour vision is 
a relatively recent acquisition, and 
that it’s a mess genetically. This 
means that there’s a world of
variety, beauty and meaning out 
there humans simply can’t see.

Visit this exhibition, and
brush up against it. It’s an
uncanny trip. ■

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

Strangely unseeing
For humans, colour vision was a late but 
glorious acquisition, finds Simon Ings

A minimum proportion of any 
population must be vaccinated 
for immunisation to confer
immunity on everyone – the
herd – including those who 
cannot be vaccinated because 
they are immunocompromised  
or too young.

This means that children who 
go unvaccinated because their 
parents deem the risk too great 
benefit from others taking the 
minuscule risk. This “free-riding” 
is mainly the preserve of the 
educated white elite. As Reich 
notes, “none consider how their 
children might present risks to 
others – particularly to children 
with fewer resources or less  
access to care”. 

Intense “expert” parenting 
means those mothers and fathers 
micromanage every sphere of 
their children’s lives to reduce  
individual risk. But by creating 
“gated communities” to reduce 
risk, not vaccinating also prevents 
their kids from interacting with 
kids from other classes and races.

But Reich does not shy away 
from the vaccines that have gone 
wrong – like the 1955 incident at 
the Cutter Laboratories when two 
defective batches of polio vaccine 
lead to five deaths and 40,000 
minor adverse effects.

Both books focus on health,  
so it’s hard for them to entirely 
succeed in giving scientifically 
minded readers a grasp of the 
process of making seemingly 
illogical decisions in such areas  
as Brexit. After all, countering 
emotional misinformation is far 
from simple. And the books are  
written from a US perspective, 
while the issues are clearly global.

Meanwhile, back in the UK, 
some are wringing their hands 
with Bregret, astounded that their
votes had real repercussions, 
while others are stuck in disbelief.
As the Gormans note, while 
emotional decision-making is 
part of our humanity, the trick is 
to imbue it with evidence.  ■

Shaoni Bhattacharya is a consultant 

for New Scientist

“The problem with science 
is that quoting p-values  
at the public just does not 
wash emotionally”

Humans need a whole industry to 

create the iridescence of a starling
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EccentricOrbits: The Iridiumstory

by John Bloom, Grove Atlantic, $27.50

VISIONS of the
future omit the
messiness of real
life. Every solution
is total; every
technology works
equally well for
everybody. And

when it all goes wrong, journalists
like John Bloom are left to pick
through the wreckage.

Now and again, though, the
story ultimately gets a happy
ending. Such is the tale of the
satellite system Iridium, making
Bloom’s Eccentric Orbits an
inspiring history as well as an
effective business thriller.

In 1945, Arthur C. Clarke wrote
an article that foresaw the advent
of communication satellites. He
described three extraterrestrial
relays – crewed space stations
positioned at equal distances from
each other over the equator at an
altitude of 36,000 kilometres.
They would orbit in sync with
Earth’s rotation and their signals
would reach almost everyone on
the planet.

Fifty years later, by satellite link
from the University of Colombo
in Sri Lanka, Clarke opened a
small celebratory exhibition
at London’s Science Museum.
His prediction had come true,
although the spacecraft were a
lot smaller than he anticipated,
thanks to miniaturisation and
the lack of crews (the components 
were so reliable that they did not 
need servicing). 

There was one snag, though: 
signals from geostationary

satellites are too weak to reach
high latitudes effectively. This
problem is what the Iridium
satellite service, conceived in the
early 1990s, was supposed to
tackle. By launching scores of
extra satellites into lower orbits,
the Iridium network would
achieve truly global coverage.
Anyone with an Iridium phone
would be within sight of a
satellite, and those satellites
would communicate with each
other, enabling everyone on
Earth to talk to everyone else.

Calculations showed that 77
satellites would be needed, hence
the name “Iridium” – after the
metal with atomic number 77.
It turned out that just 66 were
required, but dysprosium
(element number 66) didn’t
seem right as a name.

The satellites were launched
in a matter of months and in
1998, US Vice President Al Gore
made the first Iridium phone
call. Everything augured well
for a revolution in the satellite 

communications market, only
it didn’t happen. People didn’t
buy the phones; they were far
too expensive. Demand was 
insufficient to recoup the billions
of dollars that had been invested 
in Iridium, which became the 
biggest bankruptcy in US history.
And this is why, at the beginning 
of Eccentric Orbits, we encounter 
Danny Stamp wrestling with what

his employer – the mighty
Motorola Corporation, owner  
of Iridium – had told him to do: 
destroy them.

The man who ultimately saved
Iridium was Stamp’s boss Dan 
Colussy, a retired aerospace 
executive. Colussy never doubted
the technology behind Iridium,
and realised that its business
plan was letting it down. Iridium 
was being marketed as a global 

telecoms solution, when it would 
only ever appeal to people in 
places where no other satellite 
phone would work.

Such users were plentiful:
the trick was to identify them.
Explorers and reporters loved
the system, naturally, but so, 
crucially, did the world’s military,
operating in places not covered
by the International Maritime 
Organization’s geosynchronous 
Inmarsat satellites. This niche 
market was wealthy enough to 
justify Iridium’s continuation.

In 1962, President John F. 
Kennedy urged Americans to send 
humans to the moon and “do the 
other things, not because they are 
easy, but because they are hard”. 
Bloom argues convincingly that 
creating and then saving Iridium 
was one such desperately
difficult – and brilliant – 
achievement.  ■

DougMillard is deputy keeper of 

technologies and engineering at 

London’s Science Museum 

What goes up must stay up
A real-life tale of intrigue and satellites impresses Doug Millard

Iridium satellites wiped out bllnd 

spots, but struggled to tempt users

“Explorers and media 
correspondents loved the 
system, but so, crucially, 
did the world’s military”
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Where would stigmatisation of 
personality “oddities”, mental 
health issues or physical disability
lead us with the pre-selection 
Greely describes? If Stephen 
Hawking had remained able-
bodied, would he have done even
more research? Maybe he could 
answer this? Let us not have the 
arrogance to believe we know 
where novel ideas come from.
London, UK

How can a robot
accept blame?

From Héctor Lupin

There is no zero risk activity.
Autonomous and semi-
autonomous (robot) cars will
continue to have accidents, even
if their makers say these will get
rarer (9 July, p 6). The question
is whether robot cars’ accident
rate will be lower than that for
ordinary cars. Answering this may
not be straightforward, due to
what statisticians call a “reference
class problem”: with what do we
compare the accident rate?

For example, we are aware of
alcohol’s influence on ordinary
car driving. Do we include this in
the accident rate against which we
compare the unknown effects of
errors in robots’ algorithms or
their sensors?

I don’t believe that Jamais
Cascio’s notion of robots showing
or eliciting empathy will help
(9 July, p 18). “I’m so sorry, I killed
her by mistake” is less convincing
than the consolatory words of a
public relations spokesperson to
the relatives of an accident victim.
Rome, Italy

Our responsibility
to make choices

From Meghann Mears

In your Leader, you present a one-
sided argument that experiments
on primates are a sacrifice worth
making (18 June, p 5). This

assumes that the suffering and 
death of animals for research is 
our sacrifice to make, and that 
those animals belong to us. Once 
upon a time it was culturally usual 
to think this of other humans, too.

Humans have moral capacity, 
so we must decide whether it is 
right to knowingly cause fear and 
suffering in other beings in order
to increase the well-being of
humans – and not, in most cases,
that of other species. It is not: all
beings with the capacity to feel
fear and suffering have as much
right to a happy life as do humans.

I am aware that I indirectly
benefit from research on animals.
But this does not reduce our
responsibility to make such
choices. Here one is either a
hypocrite or has no morals at all.
Chesterfield, Derbyshire, UK

That unconscious
stuff is you too

From Yadviga Halsey

Clare Wilson reports a new study
of the unconscious brain events
that signal a movement before the
decision to make it (2 July, p 10).
Why deny that this brain event
is “yours”? Surely your brain
activity that takes place out-of-
consciousness belongs to you?
Perhaps if we took seriously the
Buddha’s view that consciousness
is a sense we would better deal
with the question of will.
Seattle, Washington, US

Were dinosaurs not
bird-brains either?

From Stephen Wood

So birds with their tiny brains
behave more intelligently than
expected because the density of
their neurons can be greater than
that of primates (18 June, p 7). This 
is intriguing. Birds are descended 
from dinosaurs, which also had 
extremely small brains relative to 
their body size. Their success may 

Another forgotten 
evolution pioneer

From Derek Hough

John van Wyhe mentions most of 

the key players in our acceptance 

of the idea of evolution (16 July, 

p 35). Alfred Russel Wallace’s 

legacy to scientific thought was 

later tarnished by his enthusiasm 

for mesmerism, mediums and 

spiritualism. No such criticism 

could be levelled at Patrick Matthew, 

who van Wyhe doesn’t mention. He 

spelled out the theory of natural 

selection in his 1831 book On Naval 

Timber and Arboriculture.

Charles Darwin acknowledged 

Matthew’s contribution. An 1862 

letter to Matthew opened: “Dear Sir, 

I presume I have the pleasure of 

addressing the… first enunciator 

of the theory of Natural Selection.”

Stroud, Gloucestershire, UK

From Tony Jackson

There is no doubt that Wallace held 

Darwin in great respect. His 1869 

book The Malay Archipelago makes 

several references to Darwin’s 

thinking on plant and bird evolution 

and to the effects of geological 

events. There is no evidence here of 

the competitive spirit between the 

two that some writers suggested 

much later. Incidentally, The Malay 

Archipelago is a surprisingly 

gripping read, describing threats 

from pirates, several bouts of severe 

illness and malnutrition, and 

demonstrating Wallace’s bravery.

Norwich, Norfolk, UK

Rethink tax under 
universal income

From Warner Haldane

Hal Hodson mentions the idea
of a universal income being 
opposed by those who fear it 
would be an opportunity for 
people to “bludge” off the system
at the expense of other tax payers
(25 June, p 35). Under the present 
system of income tax this is
understandable, as people have
a tendency to think of tax taken 
from their earnings as “my taxes” 
and therefore aren’t keen on 
seeing it going to people they 
consider undeserving.

A move away from income
tax to indirect measures such
as Goods and Services Tax or
Value Added Tax might reduce
this attitude, since the revenue
is collected more stealthily. It 
would have the added benefit  
of reducing the disincentive for 
people on a universal income to 
find employment.

I do like the idea of a universal 
income cutting back on the 
morass of bureaucracy and 
perhaps encouraging people to 
take up more creative endeavours. 
The downside might lie in that old 
saying “the devil makes work for 
idle hands”. What is in no doubt is 
that with the radically changing 
status of work something equally 
radical will have to be done to 
ensure that the income gap does 
not expand to the point where 
social cohesion is totally lost.
Whakatane, New Zealand

Reproduction and 
difference

From Daniel Hackett

Linda Geddes’s review of Henry
T. Greely’s The End of Sex and the 

Future of Human Reproduction 
raises an important question on
the wisdom of selecting traits for
our children in the future (18 June,
p 42). Can we predict the kind of 
children we and the world need? 
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now be explained. Also, many of
birds’ automatic life functions
are carried out in their spinal
column – witness a headless
“chook” on the run. I note 
evidence of swellings in many 
dinosaurs’ spinal columns.
Hamilton, New Zealand

The limits of 
medical custody

From Sam Edge

I appreciated your item on proton
beam therapy (18 June, p 18) but I 
might have hoped you would 
show more sympathy for Brett 
and Naghmeh King. They were 
accused by the British medical 
establishment, police and media 
of kidnapping their own child and
endangering his life recklessly 
when they removed him from a 
UK hospital. The Spanish police 
arrested and imprisoned them 
without evidence and effectively 
kidnapped their child.

Only after belated court 
proceedings was it acknowledged
that they had been fully within 
their rights to seek alternative 

treatment. UK doctors should be
reminded that, except in very
narrow circumstances, we do
not require their consent to seek
alternatives to their treatment.
Ringwood, Hampshire, UK

Stanisław Lem was
there, and there…

From Mikhail Shchepinov

Sally Adee attributes the 
prediction that once an AI 
machine attains human 
intelligence it will accumulate
wisdom at an ever-increasing pace
to Marvin Minsky in 1970 (16 July,
p 16). It should be credited to the
Polish writer Stanisław Lem, in his
1961 story “Limfater’s Formula”.

Similarly, the idea that the 
universe is a computer simulation
is attributed to philosopher Nick
Bostrom (27 July 2002, p 48) and to
Elon Musk (11 June, p 18). Lem is
also the true originator of this 
idea, in a story called “From the
Recollections of Ijon Tichy Part I”,
published in 1960 – for which I 
can find no English translation.
About a decade later, Lem 

elaborated on this subject in “Non
Serviam”, with insights into the
concepts of thermodynamics,
multi-dimensionality and the
flow of time held by “personoids”
in a simulation.
Los Altos, California

Life taking hold
takes how long?

From Eric Kvaalen

In your article on alien life under
ice, you state: “given ample heat
from the planet’s interior, water
can remain liquid under the ice
long enough for life to take hold”
(18 June, p 16). We have no idea
whether there would be enough
time, because we don’t really
know how life can start.
Les Essarts-le-Roi, France

Plucked from the
skies in what state?

From Allen Reynolds

The SkyWall100 may well be able
to envelope a rogue drone in a net

and parachute safely to the
ground (25 June, p 24). But the
drone could self-destruct when
it detects that its progress has
been arrested, doing more harm.
Auckland, New Zealand

Pouring cold water 
on a nanobottle

From Annemieke Wigmore

You report that “plastic embedded 
with nanoparticles repels shampoo,
so that every last drop slides easily
out” (2 July, p 15). There will indeed 
be less shampoo leftovers in the 
sea, so that should be better for 
the environment.

Will this, however, be another 
occasion where the harm
outweighs the good? No proper
research has yet been done on
the environmental effects of
nanoparticles. Why not keep it
simple: do you really need to
wash your hair every day?
Cudworth, Somerset, UK

The editor writes:

■ In this case the particles become 
fully part of the plastic structure 
and are believed likely to stay
there. It would of course be good 
to do studies on nanoparticles in 
the environment.

For the record

■ Gas turbines may have their blades 

inspected as often as every 7500

hours of operation (25 June, p 22).

■ The papers on evolution by Alfred

Russel Wallace and Charles Darwin

were in fact presented at the Linnean 

Society in 1858 (16 July, p 24).

“Think about being 60-something and dealing 
with a toddler in the ‘terrible twos’…”

Northern Judy considers menopause reversal (23 July, p 30) 

and concludes that what can be done not always should be.
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THIS week marks the 71st anniversary 

of the atomic bombing of Hiroshima 

and Nagasaki, which led to the deaths 

of over 129,000 people. Earlier this 

month British MPs voted to maintain 

the UK’s nuclear deterrent, which 

aims to prevent a repeat of this 

tragedy by making sure it can 

happen again at any given moment. 

Shortly before becoming prime 

minister, Theresa May wrote a letter 

in the Daily Mail stating that it would 

be “sheer madness” to give up the 

country’s nuclear arsenal, and the 

mutually assured destruction it offers.

MAD is in fact sane, we are told, and 

renewing Trident will demonstrate 

that “we remain committed to 

working alongside our NATO allies” 

even as the UK prepares to distance 

itself from its European ones. 

Nonetheless, further cooperation 

with one NATO partner is inescapable: 

despite claims that nuclear  

defence is the flexing biceps of its

independence, the UK can’t build the

submarines, missiles or warheads

needed without US assistance.

IN BRISTOL, UK, veteran 
restaurateur and food educator 
Barney Haughton makes the 
startling claim to a local journalist
that “if you live in Clifton you are
going to live ten times longer on 
average than someone living in 
Knowle West and some of that is 
down to diet and what you eat.”

Barry Cash who lives in nearby
Bishopston, where the life-
extending benefits of local food 
are unclear, has doubts about the
accuracy of the statement. But he
admits: “It could explain why  
the restaurants are so expensive 
in Clifton.” 

It seems much more likely that
life in Clifton just seems ten times
longer, says Barry, “because the 
residents’ parking zone makes it 
so difficult to find a space”.

POPE FRANCIS has urged nuns to 

break the habit of frittering away

hours on Facebook in his latest

Apostolic Constitution. The guide to

living the God life states that nuns

ought to be wary of “wasting time

or escaping from the demands of

fraternal life in the community”.

Feedback thinks it’s worth bearing

in mind that when it came to the

Ten Commandments, even Moses

used a pair of tablets.

FURTHER to Feedback’s
observation that UK Post Office
guidelines do not explicitly rule
out sending oneself by mail,
Tony Harker relays the case of
legendary prankster W. Reginald
Bray, who repeatedly tested the
limits of the postal system in early
20th-century Britain. As well as
posting a collection of bizarre
items, we’re told, he arranged to
have himself delivered by mail on
more than one occasion.

Bray’s antics are recounted in
John Tingey’s The Englishman

Who Posted Himself and Other

Curious Objects.

PAUL BUCKINGHAM writes that he has

always wondered if the mantra that

matter “can neither be created nor

destroyed” was reliable. “Apparently

it does not even apply here in France,”

he says, as “on my Elseve shampoo

bottle, manufacturer L’Oréal claims

to be Créateur de matière – a creator

of matter.” A volume-enhancing

concoction, perhaps?

“IN RESPONSE to Ian Napier’s
quest for a phrase meaning a
recurrent feeling of déjà vu,”
writes Dan Wunder (9 July), “this
humble author suggests déjà
deux in keeping with the overall
esprit de la France of the original.

FEEDBACK was perplexed by the news

that in many places on the Continent,

the slow news season is referred to

as “cucumber time” (30 July).

Dave Beakhurst writes to say

that one Dutch source claims the

phrase komkommertijd comes

from an English expression, dating

back to around 1700. According to

IsGeschiedenis, cucumber time takes

its name from the summer period

when the nobility retreated to their

country homes, leaving the city tailors

who dressed them out of work, and

only able to afford cucumbers to eat.

“The history quoted doesn’t

completely explain its near-ubiquity

in northern Europe, so may be just

one possibility,” he says. Perhaps

it’s down to an inordinate fondness

for cucumbers.

ELEPHANTS are journalists’
favoured unit of weight, but we
found them used as a unit of area
by the Rogers Centre baseball
stadium in Toronto (25 June).

Andrew Glassner gets in
touch to say elephants are also
employed as a unit of time: “At the
Living Laboratory website from
Princeton University, we discover
‘only 60 elephant lifetimes ago,
much of East Africa was dense
tropical forest’.”

Andrew suspects that all of
space and time may be measured
in elephants – which makes them 
a convenient reference point, if 
only Feedback were remotely 
familiar with their weight, area  
or lifespan. 

OUR all-seeing eye discovers Rob Ellis 

boasting to Viz that he has published 

in both Feedback and Profanisaurus, 

but “won’t be telling New Scientist 

this”. To which we say, why ever not?

We can assure you there’s no

shortage of creative profanity in

our letterbocks, er, letterbox.

For more feedback, visit newscientist.com/feedback

FEEDBACK

You can send stories to Feedback by 

email at feedback@newscientist.com. 

Please include your home address.  

This week’s and past Feedbacks can  

be seen on our website.

In the waiting room of a clinic in Harrogate,  
a poster advises Michael Laycock: “Please  
note you may expect to wait if being seen  
by rapid access doctor.” 
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THE LAST WORD

Time’s up

How young can you die from old age?

■  Cellular ageing appears to 
occur at different rates in 
different tissues in any one 
individual, probably due to 
complex metabolic and genetic 
effects. It is uncertain whether 
“old age” alone can cause death, 
as opposed to the degenerative 
diseases that come with it.

No condition has yet been 
found to cause a true acceleration 
in the rate of ageing in all tissues, 
but there are more than 
100 inherited conditions that 
shorten life expectancy and are 
associated with the appearance of 
premature ageing. Many of them 
cause progressive skin changes 
such as wrinkling, mottled 
pigmentation and loss of 
cutaneous fat as well as greying 
or loss of hair. Some also cause

systemic features that are
associated with ageing, such
as menopause, deposits in the
arteries, cataracts, joint stiffness,
leg ulcers, osteoporosis and
malignancy.

Pangeria (or Werner syndrome)
is the disorder that seems to
resemble the normal ageing
process most closely. It causes the
appearance of premature ageing
in the teens and death usually
occurs in the fourth to sixth

decades, often due to heart attack
or malignancy. The disease is 
caused by an autosomal recessive
gene – meaning both parents 
must pass on a copy of the 
mutated gene for a child to be at 
risk of developing the condition. 
In this case, it is a gene associated
with altered connective tissue and
defects in the immune and 
endocrine systems.

Progeria (or Hutchinson-
Gilford syndrome) is a more 
severe form of premature 
ageing, caused by an autosomal 
dominant gene, which means a 
child is at risk even if they inherit
the faulty gene from only one 
parent. Progeria often begins in 
the second year of life and causes
death in the second decade.  

Fibroblast cells from human 
skin have a limited lifespan  
when grown in the lab, inversely 
proportional to the age of the 
donor. Premature ageing
syndromes greatly reduce
fibroblast growth potential
in the lab.
John Burton

Retired professor of dermatology

North Perrott, Somerset, UK

■ Current guidance to doctors
issuing death certificates in the
UK states that “old age” should
not be given as the sole cause of
death if the deceased is younger
than 80. If it is, then the Coroner’s
Office will require further
information.

Even if someone is over 80,
medical referees are advised
to exercise caution. Such a
certification can be challenged

by the coroner or by next of kin. 
Pam Lunn

Kenilworth, Warwickshire, UK

Revolving core

I keep reading about how every 

so often, Earth’s north and south 

magnetic poles “flip”. How long does 

it take for this to happen? Moments or

years? And does the magnetosphere 

“turn off” when this change is taking 

place? Or is it more like turning a bar 

magnet through 180 degrees, with 

the poles moving across the planet’s 

surface and passing through the 

equator?

■  Reversals occur once every 
300,000 years on average and it 
takes a few thousand years for the
poles to switch places each time. 
Although the field diminishes, 
it never falls to zero. The last 
reversal took place 780,000 years
ago, so perhaps the next one is
somewhat overdue.

Earth’s magnetic field is
generated because the planet
behaves like a self-exciting
dynamo. As the molten outer
core freezes to become part
of the solid inner core, latent
heat is released, which drives
convection currents in the outer
core. Because the core is metallic,
it contains delocalised electrons.
The convection currents and
Earth’s spin cause these electrons
to move, creating electrical
currents and generating a
magnetic field.

The magnetometer – which
measures the strength and

direction of magnetic fields –  
was only invented in 1832 by Carl 
Friedrich Gauss. So, in order to 
gauge Earth’s magnetic field 
longer ago than this, David 
Gubbins of the University of 
Leeds, UK, looked at ships’ logs 
kept by early ocean-going 
explorers. Navigating using a 
compass and sextant, these 
seafarers measured and recorded 
magnetic declination – the angle 
between true north and magnetic 
north. This allowed the strength 
of Earth’s field to be reconstructed 
and shows that it is about 10 per 
cent weaker than it was in 1860, 
suggesting we might be heading 
for a reversal. 

In a further bid to understand 
what is going on, Daniel Lathrop 
and his team at the University 
of Maryland have constructed 
a spinning sphere of molten 
sodium called the 3-metre 
dynamo experiment. They are 
hoping to show that it acts as a 
dynamo, generating its own 
magnetic field. This continues 
a tradition begun by William 
Gilbert, who built a “terrella”,  
a sphere made from a magnetic 
lodestone, to model Earth’s field. 
His work, published in 1600, was 
not surpassed for two centuries. 
Mike Follows

Sutton Coldfield, West Midlands, UK

This week’s question

IT’S A STEEL

Why is stainless steel, er, stainless?
Dan Peel

Stafford, UK
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“Signs of premature ageing 
are usually seen in the 
teens and death can occur 
by the fourth decade”
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