




SCIENCE has allowed us to smooth over 
many of the natural ups and downs of 
human existence. We have predictable 
harvests, food on supermarket shelves, 
savings and pensions that will help us get 
through difficult times, and economies that 
provide most people with what they need to 
survive. Alongside these developments a 
rational, scientific world view has become 
the dominant mode of thought.

Take the comforts away, however, and 
the rationality often evaporates too. When 
human beings lose control over their lives, 
they become more prone to superstition, 
spiritual searchings and conspiracy theories.

Some of these losses of control are self-
inflicted: studies show that people in risky 
professions – deep-sea fishermen and sky-
divers, for example – perform a greater 
number of superstitious rituals than those 
with safe desk jobs. Others, though, are a 
response to circumstances. For example, 
people living in high-risk areas of the Middle 
East, such as Tel Aviv, are much more likely to 
carry a lucky charm or avoid walking under 
ladders. A 2007 study showed that the growth 
rate of evangelical churches in the US  jumps 

Hard times 
make for  
soft heads

EDITORIAL

50 per cent with the downturn of each 
economic cycle. The global downturn is no 
different: church leaders (and psychics) are 
now reporting brisk business.

Uncertain times cause us to cast about 
more widely for explanations of our 
circumstances – and rational reasoning, alas, 
does not always come naturally when we are 
desperate for answers. It is ironic that science 
is revealing our modern, sophisticated, 
scientific world view to have a fragile hold on 
our minds (see page 30). But there are also 
lessons to be learned. First, we ought to be 
more understanding of seemingly irrational 
world views. Many psychologists now see 

irrationality as the default state of the human 
mind. No wonder the idea that life arose 
spontaneously has such a hard time trumping 
creationism: overcoming that “natural” 
perspective takes a lot of cognitive effort. 
Research into irrationality may also provide 
insights to help guide the treatment of those 
suffering from obsessive-compulsive disorder 
and related mental illnesses.

The other lesson is more direct: be 
careful. In a recession, or any other time of 
uncertainty, you are more likely to make bad 
decisions. By all means play the lottery if it 
provides a momentary diversion from the 
gloom. But keep your head. However seductive 
and comforting the idea of a win, and however 
tricky your circumstances, playing the lottery 
is not a rational path to riches. Even if God did 
tell you this week’s numbers.  ■

A rational world view suggests 
that we are going to cling more 
to belief as the recession bites

What’s hot on NewScientist.com

SPACE The next mission to 

the outer solar system  NASA 

and European Space Agency officials 

will meet this month to decide 

between two missions to the outer 

solar system. Should they aim for 

Saturn’s giant moon Titan, or send a 

pair of orbiters to explore Jupiter and 

some of its satellites? Check out our 

guide to potential destinations.

ENVIRONMENT Drought warning 

as the tropics expand  Call it a 

planetary middle-aged spread. 

Climate scientists say they now have 

evidence that the expansion of the 

tropics towards the poles is linked to 

the greenhouse effect.

NEUROSCIENCE Theory of mind 

in teenagers  They now have a good 

excuse for their emotional swings: 

their brains haven’t developed the 

neural capability to properly 

understand others’ point of view.

TECHNOLOGY Cheap, efficient 

LED lights on the horizon  The 

fluorescent lamps that are replacing 

incandescent bulbs may not be with 

us for much longer either – a new way 

to make cheap and super-efficient 

LED lights has been found.

BLOG Why insomniacs are ‘dirty’

Sleep hygiene doesn’t mean quite 

what you might think it does – 

it refers not to the state of your 

bedroom, but to the behaviours 

that influence the quality of your 

sleep. Our nocturnal correspondent 

explores the reasons for his own 

insomnia, and wonders if it is an 

occupational hazard.

PHYSICS Closing in on the 

dream of invisibility  Watch 

our exclusive video to see a raincoat 

that makes you appear transparent, 

and a material physicists say could be 

used to make large structures like 

tanks disappear – by steering light 

around them.

Find these articles and more at www.

newscientist.com/article/dn16526

 EUROPE has by far the strictest rules for the 
approval of genetically modified crops, but 
are they enough? Firms developing GM crops 
have to go the extra mile to convince 
regulators that they won’t damage human 
health or the environment – and that’s as it 
should be. Trials completed in 2003 showed 
that two herbicide-resistant GM crops were 
  worse for farmland wildlife  than their 
conventional counterparts. 

The most damaging aspect of growing these 
varieties was not the genetic modification itself, 
but the way farmers applied weedkillers. Now, 
as we report on page 10, a similar crop has been 
developed without the use of GM – yet it won’t 
have to undergo special trials to test the effects 
growing it will have on wildlife. This is illogical. 
Why not regulate all crops the same way?  ■

It’s not what we grow, 
it’s the way we grow it

Follow my leader

WHEN it comes to Barack Obama’s popularity, 
are some of us just sheep following the herd? 
Yes, he’s got bucket loads of charisma, but we 
may be more susceptible to conformity than 
we imagine (see page 13). A recent study shows 
that we condition our opinions in reponse to 
those of others – when we agree with the 
crowd, we get a dopamine kick, and when 
we disagree, we feel like we’ve been punished. 
It’s a basic response that’s hard to resist. Once 
Obama’s popularity reached a critical mass, 
his success may have been inevitable.  ■

 “It is ironic that science is revealing 
our sophisticated, scientific world 
view to have a fragile hold”
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A CEASEFIRE may be in place in 
Gaza, but extensive damage to its 
agriculture has already been done, 
leaving the region’s 1.4 million 
people facing “acute shortages” 
of food, says the UN.

The UN Food and Agriculture 
Organization announced on
 30 January that many of the 
10,000 small farms in Gaza have 
been destroyed following the 
Israeli military action that started 
on 27 December. 

The FAO’s Luigi Damiani, who 
has surveyed the damage, told 
New Scientist from Jerusalem that 
tanks were the main problem: 
“On land used to run tanks, 
cultivation has been wiped out, 
including the strawberry fields 

in the north.” Tanks have also 
damaged irrigation pipes and 
wells, he adds.

Meanwhile, an FAO report  
says that shelling has destroyed 

Gaza’s food crisis greenhouses, poultry barns, feed 
stores and animals.

Damiani believes that livestock 
may continue to die because of 
limited feed and grazing sites. 
He says grazing has been reduced 
due to the risk of unexploded 
ammunition, and also because 
Israel has widened a no-go zone 
inside  the border from a few 
hundred metres to 3 kilometres.

The UN World Food Programme 
and other agencies are bringing 
emergency rations into Gaza. The 
FAO wants $6.5 million for seeds, 
fertiliser and animal feed, as well 
as to restore irrigation.

Hooked on Ritalin

TAKE Ritalin for fun and you run 
the risk of addiction. That’s if the 
drug causes the same chemical 
and structural changes in human 
brains as it does in mice. 

Ritalin is prescribed to children 
with hyperactivity disorders, 
but many American teenagers 
also take it without a prescription 
to boost academic performance, 
or for pleasure. 

When Yonk Kim and his 
colleagues at the Rockefeller 
University in New York gave mice 
the drug for a fortnight, a greater 

number of spiny neurons formed 
in the nucleus accumbens, a 
brain region stimulated by all 
addictive drugs (Proceedings of 

the National Academy of Sciences, 
DOI: 10.1073/pnas.0813179106). 
“These changes in neuronal 
structure and brain chemistry 
are known to be associated with 
the process of drug addiction,” 
warns Kim. 

The finding is backed up by 
previous studies that found signs 
of addiction in recreational users. 
In contrast, hyperactive children 
prescribed the drug don’t usually 
show signs of addiction.  

Keep up, Spirit

A SLIGHT forgetfulness aside, 
Spirit, the ageing Mars rover, 
is back in good health this 
week after suffering a series 
of problems. 

When Spirit’s controllers at 
NASA’s   Jet Propulsion Laboratory  
in Pasadena, California, contacted 
Spirit on 25 January, they found 
that it was failing to act on 
instructions and would not move. 
It had also stopped logging its 
movements into its “non-volatile 

–Clownfish lose their sense of smell–

–OK, now where was I?–

Acid seas no go for Nemo
THE first report on how acid seas 

could directly alter animal behaviour 

has emerged, just days after 

150 marine scientists released a 

  global declaration  to draw attention 

to rising ocean acidity – dubbed global 

warming’s evil twin.

Rising carbon dioxide emissions 

have already driven   ocean acidity  

up by a third. This was expected to 

make it hard for sea creatures like 

coral and oysters to grow skeletons. 

But an Australian team led by   Philip 

Munday  of James Cook University in 

Townsville, Queensland, has found a 

possibly more worrying consequence. 

Munday’s team raised clownfish 

(Amphiprion percula) larvae in either 

regular seawater or seawater with 

an acidity equivalent to 1000 parts 

per million of CO2 – predicted by 2100 

if we don’t curb emissions.

Clownfish larvae smell their way 

to a safe home. While those grown 

in acidic water were drawn to a 

tropical tree called the golden 

penda – a sign of a suitable reef – they 

were no longer repelled by tea tree 

leaves, which might warn that there 

may be swamps (Proceedings of the 

National Academy of Sciences, DOI: 

10.1073/pnas.0809996106). They 

also did not avoid the scent of their 

parents, thought to stop inbreeding.

“You can’t get away from the 

chemical impact of CO2 on the oceans,” 

says Will Howard of the Antarctic 

Climate and Ecosystems Cooperative 

Research Centre in Hobart, Tasmania. 

What’s more,   geoengineering 

schemes  would only tackle global 

warming, not acidification, he says.

“On land used to run tanks, 
cultivation has been wiped 
out, including the northern 
strawberry fields”
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memory”, in which data is stored 
when the rover is powered down. 

On 27 January, the team told 
the rover to orientate itself by 
finding the sun using its on-board 
camera. With difficulty, Spirit 
tracked down the sun, but then 
found itself in an unexpected 
location. This could explain why 
the rover had stopped moving. 
Project manager John Callas says 
the problem lay with the rover’s 
accelerometers, which were out 
by several degrees and so made 
the camera point the wrong way. 

Why Spirit briefly lost its 
memory is a mystery, though. 
It could simply be a sign of age.

Catch them out

MORE than 80 fishing nations 
met this week at the UN Food and 
Agriculture Organization in 
Rome, Italy, to hammer out a draft 
treaty which will allow them to 
block their ports to boats that are 
fishing illegally. 

“Illegal, unregulated and 
unreported” fishing, whether 
from legitimate fishing crews 
bending quota restrictions or 
rogue vessels exploiting the high 
seas, now accounts for some 
10 per cent of the global catch.

  The illegal catch is escalating  
as food demand grows and as 
globalised markets allow vessels 
to sell their catches anywhere in 
the world, without the knowledge 
of fisheries authorities. This 
makes it difficult for countries 
to protect imperilled fish stocks 
by limiting catches. 

Under the new treaty, to be 
finalised this year, fishing vessels 
will have to notify port authorities 
when they want to dock, and 
declare their catch. The treaty will 
also require authorities to deny 
docking rights to vessels they 
think are fishing illegally, or to 
inspect them and confiscate 
illegal catches or equipment. 

The goal is to track fish “from 
the net to the plate”, to discourage 
lucrative illegal catches from 
entering the market.

Their day in court

NIGERIAN families who are 
claiming that the drugs giant 
Pfizer used their children in an 
illegal clinical trial will get their 
case heard in a US court. 

On 30 January, an appeals 
court in New York overturned a 
previous ruling that two lawsuits 
brought by the families would 
have to be heard in Nigeria. 

The lawsuits relate to a   trial of 
the antibiotic Trovan  conducted on 
some 200 children during a 1996 
epidemic of bacterial meningitis 
in Kano, northern Nigeria. Eleven 
of the treated children died, while 

some of the others developed 
brain damage or arthritis. 

The families say the treatment 
violated international laws on 
consent because they didn’t 
know it was given as part of an 
experimental trial. Pfizer insists 

the families gave verbal consent 
and that   “any deaths or injuries 
were the direct result of the 
illness, and not the treatment 
provided to patients” .

“The trial involved 200 
children. Eleven died, 
others developed brain 
damage or arthritis”

“FLYING while Muslim”  is the new 

“driving while black”. So say travellers 

who believe they are being targeted 

at airport security on the basis of 

their race or religion. Yet new analysis 

confirms warnings that  such profiling 

is no better at weeding out risky 

individuals than random screening.

Bill Press  of the University of Texas 

at Austin modelled situations in 

which members of a profiled group 

are, for example, 100 times as likely 

to be terrorists as typical travellers. 

You might think the best approach 

would to run extra security checks on 

them 100 times as often. In fact, this 

is no better than random screening, 

because you would waste resources 

screening innocent people in “high 

risk” groups and so might miss 

terrorists who fit “low-risk” profiles 

(Proceedings of the National 

Academy of Sciences, DOI: 10.1073/

pnas.0813202106). 

A better approach might be to take 

the square root of the extra risk posed 

by the profiled group, and use that 

number to decide how often someone 

from that group will be pulled out of 

line.  Then members of a profiled 

group who are 100 times as likely 

to be terrorists would be 10 times as 

likely to undergo secondary checks. 

Even then terrorists are so rare this 

may still be little better than random 

screening. “We probably shouldn’t be 

doing profiling at all,” Press suggests.

The US  Transportation Security 

Administration denies screening  on 

racial or religious grounds.

No point in targeted checks

–Wait in line and wait some more–
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Deep freeze survivors
Multicelled animals may have 

withstood Snowball Earth – the 

global ice age which ended 

635 million years ago. While no 

animal fossils have ever been found 

from this time, a team led by Gordon 

Love of the University of California, 

Riverside, has detected the remains 

of steroids found only in sponges, 

implying they survived the freeze.

Iranian satellite launch 
Iran has launched a communications 

satellite into orbit. The Iranian Space 

Agency   says it launched the Omid 

satellite into low Earth orbit on 

2 February using a homegrown 

Safir-2 liquid-fuelled rocket, a variant 

of the Shahab-3 ballistic missile. 

Cisco quake risk
San Francisco may not be as ready 

for a big earthquake as it thinks. 

A report issued by the San Francisco 

Planning and Urban Research 

Association on 3 February  estimates 

that 30,000 buildings would be 

damaged beyond repair by an 

earthquake of magnitude 6.9. 

As a start, the report recommends 

strengthening the 2800 weakest 

residential buildings.

AIDS or bonus?
The Global Fund to Fight AIDS, 

Tuberculosis and Malaria, the main 

funding body for tackling these 

diseases, will be $5 billion short 

in 2009. Some development 

economists have contrasted 

this with the $18 billion worth of 

bonuses taken in 2008 by officials at 

US banks  now receiving public funds 

to bail them out of the banking crisis.

US energy gets greener
The US is continuing to bump up its 

green credentials. Analysts at the 

Global Wind Energy Council say that 

in 2008 it doubled its wind-power 

capacity to 25 gigawatts, overtaking 

Germany to become the world’s 

largest producer of electricity from 

wind . It is expected to take the lead 

in solar power this year.

For more on these stories go to www.NewScientist.com/section/science-news
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much a holy grail,” says   Gregory 
Laughlin  of the University of 
California, Santa Cruz, who leads a 
ground-based hunt for transiting 
planets called   Transitsearch .

The problem lies with the main 
method used so far to spot 
exoplanets. The vast majority 
were discovered by the so-called 
radial velocity technique, which 
searches the light spectra of stars 
for signs of periodic motion 
towards and away from us due 
to gravitational tugs from their 
planets. This method isn’t yet 
sensitive enough to detect planets 
as lightweight as Earth. 

Kepler has been designed 
specifically to remedy that. It will 
use an increasingly fruitful way 
to find other worlds that looks for 
what are called “planet transits”. 
By monitoring more than 
100,000 stars for periodic dips 
in brightness, it can spot when 
a planet passes in front of them. 

Kepler will be in its own orbit 
around the sun, relatively far 
from Earth, so our planet will 
not interfere with observations. 
This will allow the mission to 
observe the same patch of sky 
uninterrupted for the entire 
mission of at least three-and-a-
half years. By contrast, Corot is 
in orbit around Earth, where our 
planet blocks much of the sky. 
This, combined with the need to 
avoid stray light from the sun, 
limits Corot to viewing a patch of 

HOW common are alien Earths – 
small, rocky planets orbiting at the 
right distance to be not so hot that 
water boils and not so cold that it 
stays frozen? Till now clues have 
been hard to come by, because 
surveys have not been sensitive 
enough to find many such planets. 

That should soon change thanks 
to the  Kepler space telescope  , 
which NASA is expecting to launch 
on 5 March. Its unique positioning 
in the solar system  and 
unprecedented sensitivity mean 
that for the first time we will be 
able to see Earth-size planets in the 
“habitable zone” of their stars – 
the region where the temperature 
on the planet should be right for 
liquid water to exist at its surface. 

“We all hope that there will be 
lots of such planets,” says Kepler’s 
chief scientist,   William Borucki  of 
NASA’s Ames Research Center in 
Moffett Field, California. “If there 
are lots of Earths out there, there 

may be lots of life out there,” he 
says – and perhaps even alien 
civilisations “just waiting for us 
to contact them”.

We know that planets only 
slightly bigger than Earth do exist. 
  One was found  by ground-based 
telescopes using a technique 
called gravitational lensing, and 
another by the Corot  satellite (see 
“Europe’s alien-watcher”), a 
transit-hunting mission with 
more limited capabilities than 
Kepler, which launched in 2006. 
There are also two potentially 
rocky planets with just a few times 
the mass of Earth known to orbit 
the red dwarf star Gliese 581, one 
or the other of which could be just 
within the habitable zone. But 
they are, at best, near the zone’s 
boundary, so it is far from certain 
that they could sustain liquid 
water on their surfaces (  New 

Scientist, 22 November 2008, p 36 ).
“The detection of a truly 

terrestrial-mass planet in a truly 
habitable orbit still remains very 

A new space telescope should soon tell us 
if life-friendly planets are common or rare

The hunt begins 
for other Earths

David Shiga

While the Kepler space telescope is 

aiming to be the one to claim the first 

definitive sighting of a truly Earth-

like planet, we shouldn’t write off 

previous missions. The team behind 

the French-built  Corot has just staked 

a claim to the smallest extrasolar 

planet ever discovered. 

Sitting 390 light years away, 

Exo 7b is, at most, twice the diameter  

of Earth . Although its precise mass 

and composition are not known with 

any certainty, the planet’s density is 

probably consistent with it being a 

rocky, Earth-like body. 

It orbits close to  a star slightly 

smaller and cooler than the sun in 

only 20 hours, making it the fastest 

exoplanet found to date. With a 

surface temperature of over 1000 °C, 

it is much too hot to support life. 

According to team member Artie 

Hatzes of Tautenburg Observatory 

near Jena in Germany, the presence 

of additional planets in the system 

is “strongly suspected”. 

Malcolm Fridlund, the European 

Space Agency project scientist for the 

mission, says Corot is performing way 

beyond expectations. “Everything 

appears to work in our favour,” he 

says. “Partly because of a very 

thorough design process; partly 

because we’re just lucky.”

Fridlund says there are “hundreds 

of other interesting candidate 

signals” in the Corot data, waiting 

for time-consuming follow-up 

observations with large ground-

based telescopes.

The Corot discovery is good news 

for Kepler, as it adds weight to the 

idea that close-in Earth-like 

exoplanets do indeed exist. Kepler 

may find many more.  Govert Schilling

EUROPE’S ALIEN-WATCHER

8 | NewScientist | 7 February 2009
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sky for only five months at a time.
By staring longer, Kepler can 

observe at least three transits 
of any planets it finds that are 
in one-year orbits, like Earth’s. 
That is the minimum needed to 
confirm that the event recurs at 
a precise interval, and so rule out 
confounding factors such as 
fluctuations in the brightness 
of the star itself.

Kepler will also be much more 
sensitive than Corot. It will have an 
effective light-gathering aperture 
of 95 centimetres, compared with 
Corot’s 27 centimetres, which 
should allow it to see planets as 
small as half the size of Earth, or 
about the width of Mars. 

No one knows how many Earth-
size planets Kepler will find, but 
one hopeful sign is that Jupiter-
size planets turn out to be quite 
common. They have been found 

around roughly 15 per cent of sun-
like stars. “We think it’s harder to 
build a Jupiter than to build an 
Earth,” Borucki says, since a 
Jupiter requires more material. 

Whatever Kepler discovers, it 
will have set the scene for the next 
stage of planet-hunting. If Earth-
like planets are common, then a 
few are likely to orbit stars near 
enough for follow-up missions to 
scrutinise them for evidence of 
oxygen and other clues that could 
hint at the presence of life. 

NASA and ESA have been 
weighing up missions called 
  Terrestrial Planet Finder  and 
  Darwin  respectively that could 
launch before 2020, to try to 
observe the feeble light from 
extrasolar planets in the habitable 
zone of their stars. A major goal 
would be to measure the 
spectrum of the light passing 
though their atmospheres, 
looking for the signature of 
oxygen and other chemicals that 
would hint at the presence of life. 

The success of these missions 

hinges on Kepler, says   Jonathan 
Lunine  of the University of 
Arizona, Tucson, who chaired a 
committee called the   Exoplanet 
Task Force  that produced a   report 
last year  on alien worlds . If Earths 
turn out be abundant, we should 
be able to perform this sort of 
close analysis using “the sorts of 
designs that people have talked 
about that are implementable 
in the next 15 years at costs that 
we can contemplate”, he says. 
But if Kepler finds that rocky 
worlds in the habitable zone are 
rare, then there may not be any 
sufficiently close to us to observe 
in detail. A mission capable of 
looking at more distant worlds 
might be too technically difficult 
and costly to be realised for a long 
time to come.

At least history gives us reason 
to hope that alien Earths will not 
be a rarity. Ever since Copernicus 
displaced our own planet from 
the centre of the universe, its 
place in the cosmos has been 
steadily shown to be less and less 
privileged. “It turned out the 
Earth was just one planet out of 
many,” Lunine says. “Now we’re 
also seeing that our solar system 
is not necessarily particularly 
special; we know of hundreds of 
planets around other stars.” 

But the big question remains: 
are planets the size and with the 
properties of the Earth common 
in the universe? “Kepler is the one 
that will tell us that,” Lunine says.  ■

“If there are lots of Earths 
out there, there may be 
lots of life – perhaps even 
alien civilisations”

Planet hunter
The Kepler space telescope orbits the sun, 

so its field of view is almost unobstructed 

SOLAR ARRAYS

Kepler turns to 

face the sun every 

quarter as it orbits

SUN SHADE

Protects

photometer 

from glare of sun

PHOTOMETER

Can detect exoplanets 

as small as Mars

DEPLOYABLE 

COVER
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A HERBICIDE-resistant variety of 
oilseed rape (canola)   unveiled last 
week  has raised questions about 
whether its use by farmers in 
Europe could be as damaging 
to farmland wildlife as some 
genetically modified crops. 
The development also challenges 
the effectiveness of Europe’s 
regulations governing the sale 
of new crop varieties produced 
by conventional breeding.

Like many genetically modified 
crops, the new variety can tolerate 
herbicides. Yet because the 
variety has been developed by 
conventional plant-breeding 
techniques, rather than by genetic 
manipulation, it is exempt from 
strict European regulations 
governing new GM crops. What’s 
more, researchers have voiced 
concerns that older versions of 
the non-GM crop, being grown in 
Canada and Australia, can be more 
harmful than some GM crops.

   Large “farm-scale” trials in the 
UK  completed in 2003 concluded 
that GM oilseed rape and sugar 
beet, resistant to the weedkillers 
glufosinate ammonium and 
glyphosate respectively, were 
worse for farmland wildlife than 
their conventional counterparts.

The new variety of oilseed rape 
has been developed by BASF of 
Ludwigshafen in Germany. Like 
the company’s existing Clearfield 
varieties, it is resistant to 
weedkillers called imidazolinones, 
which kill weeds related to oilseed 
rape such as wild mustard. 

The key feature of the new 
strain is that it relies on a single 
gene mutation rather than two. 
This will make it easier for the 
trait to be bred into high-yield 
rape varieties . 

BASF hopes to have the new 
crop on sale from 2013, and 
eventually in Europe. “We 
certainly see Europe as a potential 

It’s the trait that counts, 
not how it gets there

market,” a spokesman told New 

Scientist. Target countries include 
Germany, France and the UK. 

Analysis of farms in Canada and 
Australia that have been growing 
existing Clearfield varieties  
suggest that imidazolinones can 
linger in soil for longer than 
glyphosate, the weedkiller used 
with many GM crops. “Some crops 
cannot be planted the year after 
their use due their susceptibility 
to the lingering soil residues,” 
says Richard Roush of the 
University of Melbourne in 
Australia. “From an agronomic 

standpoint, it has all of the issues 
of GM rape, but is arguably 
worse,” he says.

Another potential problem is 
that the resistance could jump 
from the crops to weeds that 
the herbicide is designed to kill, 
such as wild radish. “Resistance 
to the imidazolinone herbicides 
occurs quite quickly in weeds, 
much faster than resistance to 
glyphosate,” says Christopher 
Preston of the University of 
Adelaide in South Australia. 

BASF stresses that the new 
strain has been extensively tested. 
“Years of laboratory and field 
testing are done on all plants, 
both transgenic and non-
transgenic, and the crops are 
proven to be safe for the 
environment and people,” it says.

Whether the new BASF crop 
makes it into Europe or not, its 
potential to do so highlights 
inconsistencies in the   current 
regulatory system , says Les 
Firbank, who led the farm-scale 
trials in the UK. “It raises the 
interesting question of whether we 
over-regulate GM crops, or under-
regulate the others,” he says. 

The European Commission 
declined an invitation by New 

Scientist to comment, beyond 
saying it is “analysing the issue 
further”.  Andy Coghlan  ■

“The question is, do we 
over-regulate genetically 
modified crops, or under-
regulate the others?”

SOUNDBITES

“I am unapologetic about 
asking people to connect up 
their own responsibility for 
their total environmental 
footprint… I think we will 
work our way towards a 
position that says having 
more than two children is 
irresponsible.”

Jonathon Porritt, the UK government’s 

“green guru”, suggests a two-child limit 

(Daily Telegraph, London, 2 February).

“I thought it was like the 
end of the world.”

Anchorage resident Maree Shogren 

recalls how the eruption of Alaska’s 

Mount Spurr in 1992 blanketed the city 

with a black cloud, while anticipating 

the eruption of another volcano, Mount 

Redoubt, which has been rumbling 

(Associated Press, 3 February).

“NASA’s role is to pioneer 
journeys into the unknown 
for the benefit of humanity. 
Along the way, we 
sometimes experience 
tragedy instead of triumph.”

US president Barack Obama on 

NASA’s Day of Remembrance for fallen 

astronauts (NASA Watch, 29 January). 

“A terrorist rodent who could 
very well have been trained 
by Al Qaeda in Afghanistan.”

New York mayor Michael Bloomberg 

describing (tongue-in-cheek) the 

disgruntled groundhog at Staten Island 

Zoo which bit him when he tried to lure 

it from its cage on Groundhog Day (The 

New York Times blog, 2 February).

“We are anchoring the 
university in what is in 
the lab today, with an 
understanding of what’s 
in the realm of possibility 
in the future.”

Entrepreneur Peter Diamandis on a 

school he is launching for futurologists – 

the Singularity University – with Ray 

Kurzweil and Google’s Larry Page 

(Financial Times, London, 3 February).
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HOPES of producing a limitless 
supply of embryonic stem cells 
from hybrid human-animal cells 
face serious challenges. Genes 
thought to be key to stem cell 
development appear not to be 
switched on in the hybrids, 
suggesting the controversial idea 
will be harder to pull off than 
hoped – and may not work at all.

Embryonic stem cells (ESCs) are 
prized for their ability to turn into 
any type of cell in the body, but 
at the moment they can only be 
obtained from donated human 
embryos, which are in short supply. 

Removing the nucleus from 
an animal egg cell and replacing 
it with a nucleus from an adult 
human cell has been proposed 
as a way to obtain a limitless 
supply of human ESCs. The hope 
is that chemical signals from the 
egg’s mitochondrial DNA can 
“reprogram” the nucleus, causing 
it to revert to an embryonic state 
and produce ESCs that have the 

same DNA as the adult donor. 
If the donor has Alzheimer’s, say, 
the hybrid embryos – dubbed 
cybrids – might one day be used to 
make brain cells for implantation 
in the donor to replace damaged 
tissue, without the risk of 
provoking an immune response.

In 2001 Bob Lanza of Advanced 
Cell Technology in Worcester, 
Massachusetts ,  cloned an 
endangered wild cattle species 
called the gaur  (see above) using 
a cow’s egg. This proved the 
technology, but whether it can 
work if the nucleus and egg are 
from more distantly related 
species is still in question. 

To find out, Lanza examined 
the profiles of gene expression 
in embryos derived from cybrids, 
from donated human eggs 
containing the nucleus of an 
adult human cell, and from 
donated human embryos. To 
make the cybrids, his team fused 
nuclei from adult human ovarian 
cells with enucleated eggs from 
mice, rabbits and cows.

The analysis, which used DNA 
microarrays to reveal which genes 
had been activated and which 
silenced, showed that the pattern 
of expression was virtually 
identical in the human cloned 
embryo and the natural embryo. 
Crucially, three genes known to 
be vital for reprogramming the 
nucleus back to the embryonic 
state were all activated. These 
genes are called nanog, Oct-4 
and Sox-2. This raises the hope 
that human-human cells, at least, 
might go on to provide a viable 
source of personalised ESCs.

In the animal-human hybrids, 
however, the three genes were 
silent. The rest of their patterns 

of gene expression were also very 
different from those of ordinary 
human embryos, with the rabbit-
human hybrids differing in the 
expression of 2379 genes and the 
cow-human hybrid differing in 
2950 (Cloning and Stem Cells, 
DOI: 10.1089/clo.2009.0004).

The hybrids also failed to 
develop to the crucial blastocyst 
stage of about 100 cells, which 

Andy Coghlan

–A gaur was cloned via a cow’s egg–

Doubts rise for stem 
cells from hybrids

For more news go to www.NewScientist.com/section/science-news

must happen if stem cells are to 
be obtained. The mouse-human 
hybrids stopped development 
after the very first division, 
forming just two cells in total, 
while the rabbit-human and cow-
human hybrids stopped dividing 
at the 8-to-16-cell stage.

The researchers conclude that 
although mitochondrial DNA 
in the cybrid eggs can direct the 
initial division, it doesn’t produce 
the signals to fully reprogram 
the nucleus. As a result, Lanza 
is sceptical that cybrids will ever 
be a usable source of therapeutic 
ESCs. “There’s no reprogramming 
towards the embryonic state,” 
he says. “These discordant 
combinations of species are 
dead on arrival.”

Others dispute this conclusion. 
Stephen Minger of King’s College 
London, who has been granted 
approval to make cybrids, believes 
that Lanza’s findings are far 
from the last word. He says that 
some of the key genes may get 
switched on later, if cybrids are 
allowed to divide further. While 
Lanza’s cybrids stopped dividing 
before this stage, Minger takes 
encouragement from a paper in a 
previous issue of Cloning and Stem 

Cells that raises this possibility 
(DOI: 10.1089/clo.2007.0084).

The paper comes from a team 
led by Hui Zhen Sheng of Shanghai 
Jiao Tong University in China. 
Sheng  is best known for a 2003 
paper   claiming to have created 
muscle and nerve cells  from 
rabbit-human cells, a result 
which is generally viewed with 
scepticism as no one has been 
able to reproduce it. 

Sheng now reports that some of 
the cybrids her team had created 
from human skin cells and cow 
eggs made it to the blastocyst 
stage and switched on the crucial 
nanog, Sox-2 and Oct-4 genes. 

Though fewer than 1 per cent 
of the 3000 cybrids created did 
this, Sheng suggests that this 
fraction might be increased by 
adding human signalling 
chemicals to enhance the 
reprogramming process.  ■

“There’s no reprogramming. 
These discordant 
combinations of species 
are dead on arrival”
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WHAT was your mother up to 
before you were even a twinkle 
in her eye? You might not think 
it matters, but it seems that in 
mice at least, mothers that receive 
mental training before they 
become pregnant can pass on its 
cognitive benefits to their young.  

Previous studies in both   people  
and   animals  have shown that a 
mother’s experiences while 
pregnant can affect her offspring’s 
gene expression and health, even 
years later. However, it was not 
known if experiences prior to 
pregnancy had an effect. 

  Larry Feig  at Tufts University 
School of Medicine in Boston and 
his colleagues bred “knockout” 
mice that lacked a gene called 
Ras-GRF-2 , causing them to have 
a memory defect. Normally, if 
mice in a cage receive a shock to 
their feet, they freeze in fear if 
they are then placed back into the 
same cage. In contrast, Ras-GRF2 
knockout mice did not associate 
the cage with fear .

Before they reached 
adolescence, the team kept these 
knockout mice in a cage filled 
with toys for two weeks. Such 
“enriched environments” are 

known to enhance learning and 
memory . In the knockout mice, 
the enriched cage was enough 
to compensate for their memory 
defect: when tested on the fear 
task, they associated the shock 
with the cage, like normal mice. 

To see if this compensation 
could be passed on to young, 
the researchers waited for these 
enriched knockout mice to reach 
sexual maturity, bred them and 

tested their offspring on the fear 
task. Despite being reared by an 
“unenriched” knockout foster 
mother  – to rule out the effects 
of spending time with a mouse 
they could learn directly from  – 
the offspring associated the 
electric shock with the cage, just 
like their enriched mothers and 
those without the genetic defect.

In contrast, the offspring of 
knockout mice who did not 
receive the enrichment did not 
associate the shock with the cage 
(Journal of Neuroscience, DOI: 
10.1523/jneurosci.5057-08.2009 ). 

This effect was only seen in 

Can experiences before 
conception be passed on? 

AN ASTEROID that had initially been 

deemed harmless has turned out to 

have a slim chance of hitting Earth in 

160 years. While that might seem a 

distant threat, there’s far less time 

available to deflect it off course.

 Asteroid 1999 RQ36   was discovered 

a decade ago, but it was not 

considered particularly worrisome 

since it has no chance of striking 

Earth in the next 100 years – the time 

frame astronomers routinely use to 

assess potential threats.

Now, new calculations show a 1 in 

1400 chance that it will strike Earth 

between 2169 and 2199, according 

to Andrea Milani of the University of 

Pisa in Italy and colleagues (www.

arxiv.org/abs/0901.3631).

With an estimated diameter of 

560 metres, 1999 RQ36 is more than 

twice the size of the better-known 

asteroid  Apophis  , which has a 1 in 

45,000 chance of hitting Earth in 

2036 (  New Scientist, 12 July 2008, 

p 12) . Both are large enough to 

unleash devastating tsunamis if they 

were to smash into the ocean.

Although 1999 RQ36’s potential 

collision is late in the next century, 

the window of opportunity to deflect 

it comes much sooner, prior to a 

Asteroid bound 
for Earth! Warn 
grandchildren

series of close approaches to Earth 

that the asteroid will make between 

2060 and 2080.

Asteroid trajectories are bent by 

Earth’s gravity during such near 

misses, and the amount of bending is 

highly dependent on how close they 

get to Earth. A small nudge made 

ahead of a fly-by will get amplified 

into a large change in trajectory 

afterward. In the case of 1999 RQ36, 

a deflection of less than 1 kilometre 

would be enough to eliminate any 

chance of collision in the next century. 

But after 2080, the asteroid does 

not come as close to Earth before the 

potential impact, so any mission to 

deflect it would have to nudge the 

asteroid off course by several tens 

of kilometres – a much more difficult 

and expensive proposition.

“That’s worth thinking about,” says 

Clark Chapman of the Southwest 

Research Institute in Boulder, Colorado.

As is often the case, more precise 

calculations enabled by future 

observations will most likely rule 

out a collision. But Milani’s team 

says that routine monitoring of 

asteroids should be extended to look 

for potential impacts beyond the 

100-year time frame, to identify any 

other similar cases.  David Shiga  ■
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offspring whose knockout 
mothers had an enriched cage: 
having an enriched knockout 
father but a normal knockout 
mother  was not enough to 
remedy the defect in the offspring. 

As the offspring had the same 
genetic defect as their mothers, 
the researchers attribute the 
enhanced cognition in these 
mice to the time their mothers 
spent in the enriched cage prior 
to becoming pregnant . 

The effect was not passed on 
to a third generation and was only 
inherited if the offspring were 
conceived within three months 
of enrichment. So the researchers 
suspect that the mother passes 
on this cognitive effect during 
gestation , perhaps by releasing 
hormones that prompt 
“epigenetic” chemical markers 
to appear on her unborn child’s  
genes, regulating their expression 
after birth.

  Moshe Szyf  at McGill University 
in Montreal, Canada, calls the 
work “remarkable”. “The mother 
can modulate the intellectual 
capacity of her young,” he says. 
“If it happens in humans it has 
immense implications.” But he 
wishes Feig had pinned down 
exactly how the cognitive effects 
are inherited. “It smells like 
epigenetics, but there’s no 
proof.”  Alison Motluk  ■–Learning starts young–

“The window of opportunity 
to deflect the asteroid 
comes much sooner than 
the potential collision”
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THE Japanese bobtail squid and 

luminescent marine bacteria live 

in blissful harmony: the bacteria 

have a home in the squid’s light 

organ while producing for the squid 

rippling patterns of light to confuse 

prey or predators. The way bacteria 

form this symbiotic relationship may 

now shed light of another kind, on 

human disease.

Only some strains of the bacterium 

Vibrio fischeri  will colonise squid, 

while other bacteria of the same 

species live happily in fish but avoid 

squid. Mark Mandel and colleagues at 

the University of Wisconsin in Madison 

report this week that a single gene 

makes all the difference: fish bacteria 

will colonise squid if given a gene 

carried by their squid-friendly kin 

(Nature, DOI: 10.1038/nature07660). 

Intriguingly, that gene is the one 

that enables the bacteria to form 

a biofilm, the   tightly woven matrix 

of “slime”  which allows bacterial 

colonies to behave in many ways 

like a single organism. “The biofilm 

might be critical for adhering to the 

light organ, or telling the host that 

the correct symbiont has arrived,” 

says Mandel. 

Biofilms also seem to be important 

in another kind of bacterial invasion 

of animals: disease. Some normally 

harmless lung bacteria can turn 

into a nasty infection in humans 

by  forming a biofilm, for example, 

while many immune defences are 

aimed at preventing biofilms. And 

certain bacteria , like Vibrio fischeri , 

typically invade only certain species 

and tissues.

The signals that trigger biofilm 

formation may also regulate how 

a bacterium’s relationship with its 

host switches from harmless to 

pathogenic, Mandel suggests. It 

might be that similar bacterial 

genes control both infection and 

symbiosis. That means learning 

how squid bacteria work might reveal 

new targets for fighting human 

infections.  Debora MacKenzie  ■

Squid symbiosis 
may shed light 
on disease

HITLER and Mussolini both had 
the ability to bend millions of 
people to their fascist will. Now 
evidence from psychology and 
neurology is emerging to explain 
how tactics like organised 
marching and propaganda can 
work to exert mass mind control. 

  Scott Wiltermuth  of Stanford 
University in California and 
colleagues have found that 
activities performed in unison, 
such as marching or dancing, 
increase loyalty to the group. 
“It makes us feel as though we’re 
part of a larger entity, so we see 
the group’s welfare as being as 
important as our own,” he says.

Wiltermuth’s team separated 
96 people into four groups who 
performed these tasks together: 
listening to a song while silently 
mouthing the words, singing 
along, singing and dancing, or 
listening to different versions 
of the song so that they sang and 
danced out of sync. In a later 
game, when asked to decide 
whether to stick with the group 
or strive for personal gain, those 

in the non-synchronised group 
behaved less loyally than the rest 
(Psychological Science,   vol 20, p 1 ). 

Psychologist   Jonathan Haidt  
at the University of Virginia in 
Charlottesville thinks this research 
helps explain why fascist leaders, 
amongst others, use organised 
marching and chanting to whip 
crowds into a frenzy of devotion to 
their cause, though these tactics 
can be used just as well for peace, 

he stresses. Community dances 
and group singing can ease local 
tension, for example – a theory 
he plans to test experimentally 
(Journal of Legal Studies, DOI: 
10.1086/529447).

Meanwhile, the powerful 
unifying effects of propaganda 
images are being explored by 
Charles Seger at Indiana University 
at Bloomington. His team primed 
students with pictures of their 
university – college sweatshirts or 
the buildings themselves – then 

asked how highly they scored on 
different emotions, such as pride 
or happiness. The primed students 
gave a strikingly similar emotional 
profile, in contrast with non-
primed students (Journal of 

Experimental Social Psychology, 
DOI: 10.1016/j.jesp.2008.12.004). 

Interest in the idea of a herd 
mentality has been renewed by 
work into mirror neurons – cells 
that fire when we perform an 
action or watch someone perform 
a similar action. It suggests 
that our brains are geared to 
mimic our peers. “We are set up 
for ‘auto-copy’,” says Haidt. 

Neurological evidence seems to 
back this idea.   Vasily Klucharev , at 
the Donders Centre for Cognitive 
Neuroimaging in Nijmegen, the 
Netherlands, found that the brain 
releases more of the reward 
chemical dopamine when we fall 
in line with the group consensus 
(Neuron, vol 61, p 140). His team 
asked 24 women to rate more than 
200 women for attractiveness. 
If a participant discovered their 
ratings did not tally with that of 
the others, they tended to readjust 
their scores. When a woman 
realised her differing opinion, 
fMRI scans revealed that her 
brain generated what the team 
dubbed an “error signal”. This has 
a conditioning effect, says 
Klucharev: it’s how we learn to 
follow the crowd. ■

How to control your 
herd of humans

–Moving as one–

“Interest in the idea of 
a herd mentality has been 
renewed by research 
into mirror neurons”
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BURYING crop waste deep in the 
ocean could be an effective way 
to rein in global warming. 

The stalks and leaves left in 
fields across the world each year 
after harvesting contain a 
whopping 2 billion tonnes of 
carbon. Untouched, they decay 
and release carbon dioxide. 

One solution could be to drop 
the waste into the deep ocean. 
Up to 30 per cent of the leaves and 

stalks left in fields after harvesting 
can be removed without damaging 
soil fertility, say   Stuart Strand of 
the University of Washington  in 
Seattle and   Gregory Benford of the 
University of California, Irvine . 
Sinking it could cut the annual 
rate of CO

2
 build-up in the 

atmosphere by 14 per cent, they 
say (Environmental Science and 

Technology, DOI: 10.1021/es8015556).
When it comes to places to bury 

Big snake says no 
cap on tropical heat

THE newly unearthed remains 
of the world’s largest snake could 
settle a debate over whether 
global warming will bump up 
temperatures in the tropics.

Some researchers say tropical 
temperatures will rise in line with 
the rest of the world. Others say the 
“thermostat” theory means there 
is a limit to how hot they can get. 

 Jason Head at the University of 
Toronto, Canada, and colleagues 
dug up the 60-million-year-old 
relative of the boa constrictor in a 
Colombian coal mine (Nature, 
DOI: 10.1038/nature07671). 
Temperature can affect body size, 
and for the snake to grow to 
13 metres long and weigh over 
1 tonne, the tropics would have 
to have been at about 33 °C, 7 °C 
warmer than today’s average. 

This “refutes the idea of the 
thermostat”, says Head, and tells 
us “what equatorial temperatures 
will be as we continue to warm the 
planet: very hot.”

El Niño cleared of Australian 
drought charges

BLAME the Indian Ocean for Australia’s  “Big Dry”   – the 

intense drought that has  dried out much of the Murray-

Darling river system  , devastated agriculture and led to 

water rationing in Melbourne.

Until now, the Big Dry and two other major droughts 

to hit south-east Australia – the Federation Drought from 

1895 to 1902 and the second-world-war drought – have 

been blamed on the El Niño Southern Oscillation (ENSO), 

which is a cyclical change in sea surface temperatures in 

the tropical eastern Pacific Ocean. But when  Caroline 

Ummenhofer   of the University of New South Wales in 
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Send crop waste to sleep with the fishes CO
2
, oceans are high on the list. 

While forests can also mop up 
CO

2
, trees release the gas when 

they burn or die. Carbon sunk 
in the deep ocean, however, will 
stay there for thousands of years.

The method would cost about 
$95 per tonne of CO

2
, which is 

likely to be competitive with other 
methods, such as siphoning off 
CO

2
 from power stations and 

storing it in empty aquifers, says 
  climatologist Stephen Schneider 
of Stanford University  in California.

Sydney and colleagues compared records from 1880 to 

2006 of rainfall, land temperature and drought during 

the June to October winter rainy period with conditions 

in the Indian and Pacific oceans, they found otherwise . 

They found strong correlations between drought in 

south-east Australia and a system equivalent to ENSO 

in the Indian Ocean, called the Indian Ocean Dipole (IOD). 

“Drought wasn’t associated with ENSO events,” says 

Ummenhofer, but instead with the absence of so-called 

negative events in the Indian Ocean. 

The finding makes sense because during negative IOD 

events, sea surface temperature rises around Indonesia 

and falls around east Africa, causing moisture-laden air to 

move across south-east Australia (Geophysical Research 

Letters, DOI: 10.1029/2008GL036692).

OUR early ancestors could crack 
seeds and nuts with their teeth.

  David Strait  of the University of 
Albany in New York used precise 
skull and teeth measurements to 
build a model of the bite of 
Australopithecus africanus, an 
upright hominin that flourished 
in southern Africa between 
3.3 and 2.5 million years ago. 
The model suggests that our 
ancestor’s premolars – teeth just 
behind the canines – were strong 
enough to shatter the husks of 
nuts and seeds (Proceedings of the 

National Academy of Sciences, 
DOI: 10.1073/pnas.0808730106).

“Try sticking a walnut in your 
mouth and then biting on it. It’s 
not so easy,” says Strait. Nuts and 
seeds may have allowed our 
ancestors to survive in lean times.

No nutcracker? 
Try your teeth…
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How to survive 
oxygen starvation

A SINGLE gene mutation allows 
worms to survive at oxygen levels 
low enough to kill their normal 
relatives. The finding points to 
possible new strategies to prevent 
cells being damaged when a stroke 
or heart attack interrupts their 
oxygen supply.

Michael Crowder and colleagues 
at Washington University School 
of Medicine in St Louis, Missouri, 
found that worms with a mutated 
version of the gene rrt-1 recovered 
fully after 20 hours in a hypoxic, or 
low oxygen, environment. What’s 
more, normal worms subjected 
to milder hypoxia, which would 
normally kill them a few hours 
later,  were more likely to survive 
when treated afterwards with an 
agent that suppresses rrt-1 (Science, 
DOI: 10.1126/science.1166175). 
Crowder hopes that suppressing 
the human equivalent of this gene 
soon after a heart attack or stroke 
might help people recover. 

The rrt-1 gene normally regulates 
the expression of a variety of 
proteins, so mutating or 
suppressing it slashes protein 
production. Crowder suspects this 
is at the root of the beneficial effect 
in worms, as hypoxic cells tend to 
make proteins that don’t fold 
properly and are therefore toxic.

New immune system holds back multiple sclerosis

GIVING a small group of people 
with multiple sclerosis a brand 
new immune system built from 
their stem cells appears to have 
stopped the disease in its tracks.

“For the first time ever in 
the history of treating MS, we 
have reversed disability,” says 
  Richard Burt  of Northwestern 
University Feinberg School of 
Medicine in Chicago.

In MS, a person’s own immune 
system  attacks the fatty myelin 
sheath that wraps around 
nerve cells, slowing down the 
transmission of nerve impulses . 

Burt’s team wondered if they 
could prevent the destruction of 
myelin by giving people with MS 
a new immune system grown 
from their own stem cells.

The researchers extracted 
adult stem cells from the bone 
marrow of 12 women and 
11 men in the early stages of 
MS who had not responded to 
a common drug treatment after 
six months, before destroying 
their existing immune systems. 
When the stem cells were 
injected back into the body, they 
developed into “naive” immune 

THE Earth’s solid surface, like the 

oceans, gets deformed by the gravity 

of the moon and the sun. Geologists 

have long wondered whether this 

can lead to earthquakes, and now 

they finally have an answer. 

Besides causing ocean tides, the 

sun and the moon also pull at the 

Earth’s crust and upper mantle, 

resulting in daily “Earth tides”. At its 

strongest, this pull can ease enough 

of the pressure on the tectonic plates 

for them to slip past each other. But  

these stresses are about a thousand 

times weaker than those created by 

the normal movement of tectonic 

plates, so it has been  difficult to link 

seismic activity to peak tides  .

To see if there is a connection, 

 Laurent Metivier   of the National 

Geographic Institute in Paris, France, 

and his team analysed records of more 

than 400,000 earthquakes, 10 times 

as many as any previous study. They 

found that about 1 per cent of 

earthquakes do coincide with Earth 

tides (Earth and Planetary Science 

Letters, DOI: 10.1016/j.epsl.2008.

12.024).  “It’s small, but since we used 

such a large database there’s just a 

tiny chance it could have arisen from 

random variation,” says Metivier.

Does the moon cause earthquakes?
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cells that did not attack myelin. 
Three years later, 17 of the 

patients had improved by at least 
1 point on a standard disability 
scale, while none of the patients’ 
conditions had deteriorated (The 

Lancet Neurology, DOI: 10.1016/
S1474-4422(09)70017-1).  It is 
still unclear whether patients’ 
immune systems might revert 
to attacking myelin at a later date. 

If larger trials of the treatment 
are successful, stem cells could 
provide an alternative approach 
for people with MS who do not 
respond to traditional drugs. 

‘Happy’ locusts get 
a swarm feeling

MOSES wannabes need not enlist 

divine intervention to unleash a 

locust swarm – a little Prozac could 

do the trick. Serotonin, the brain 

chemical whose release is boosted 

by such antidepressants, is the 

reason why normally solitary desert 

locusts turn  into swarming critters 

capable of ravaging crops.

That locusts overcome their 

loner tendencies at all has mystified 

researchers, though biologist 

  Stephen Rogers  at the University 

of Cambridge and colleagues had 

already found one piece of the 

jigsaw – they knew that serotonin 

levels spike during the switch 

between behaviours. 

Now, the team have discovered 

that the chemical also triggers the 

behaviour. When serotonin was 

blocked with drugs, locusts would 

not initiate swarming, while 

ramping up the chemical made 

them keen to band together 

(Science, DOI: 10.1126/

science.1165939).

Blocking serotonin could be an 

environmentally friendly way of 

battling swarms. “Usually what 

ends them is 11,000 litres of 

insecticide,” notes Rogers. But for 

damping serotonin to be effective, 

timing will be key, Stevenson warns: 

serotonin is only needed as a 

trigger, so drugs that block it will 

probably be useless in stemming 

raging swarms.
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A “LIVING doll” made from 
human liver cells could allow 
new drugs to be tested in 
conditions closer to those inside 
the body. It was built using a 
technique that moulds tissue 
into any desired structure.

The structure was grown using 
about 100,000 beads of the 
connective protein collagen, 
seeded with liver cells and tipped 
into a body-shaped mould. On the 
surface of each bead are cells that 
secrete proteins and collagen that 
bind all the cells together. As a 
result, the final product is much 
closer to living tissue than a 
collection of cells grown in a dish. 

  Shoji Takeuchi , who led the 
team that developed the technique 
at the University of Tokyo, Japan, 
plans to use it to grow structures 
containing multiple cell types. 
These could even function as 
whole test organs, he says.

How a brain wires up for action
BEFORE a fetus is born, its brain 

undergoes the complex process of 

refining the connections between 

its different regions. Now a computer 

model is showing us how.

Although   our genes provide an 

initial blueprint for the way different 

neurons connect together , the 

developing brain must still refine the 

wiring and prune out any redundant 

connections. “It’s a big challenge to 

have a system that is ready by the 

time of birth so that newborns can 

begin experiencing the world right 

away,” says   Jean-Philippe Thivierge 

 from Indiana University, Bloomington.

Neuroscientists suspect the brain 

achieves this by sending out waves of 

spontaneous electrical activity that 

cascade across groups of neurons, 

helping it to scout out the relative 

positions of neurons and forge the 

most efficient network. 
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TECHNOLOGY

Human tissue, 
moulded to order

To investigate the exact nature 

of this process, Thivierge created 

a computer model of 1000 neurons 

that simulates the way the retina 

connects to the region of the mid-

brain that controls eye movements, 

called the superior colliculus.

The model revealed that weak 

waves of activity over a small number 

of neurons were the most efficient at 

forging new connections, rather than 

big waves that sweep across the 

whole region. Timing also proved to 

be critical, with fluctuations as short 

as a millisecond instrumental in the 

wiring process (Neural Networks, 

DOI: 10.1016/j.neunet.2009.01.001). 

WHEN data gets stolen, there’s an 
unexpected suspect in the frame. 

To protect their networks from 
viruses and hacker attacks, most 
companies insist their computers 
are “locked down” so they can’t 
run unauthorised software or CD 
and DVD content. “But woe betide 
the lowly IT director that would 
inconvenience the CEO with such 
restrictions,” says Glenn 
Zimmerman, a technology expert 
with the Pentagon’s cyberspace 
task force. “Most senior leaders’ 
computers are often wide open to 
threats,” and it is often the CEO 
who holds the most critical data, 

Data theft? Blame 
the head honcho 

he warned a London conference 
on   Cyber Warfare  last week. 

The way to counter this threat 
from within is to hack their 
computers and show them what 
you find, says cyberwar analyst 
Yael Shahar of the International 
Institute for Counter-Terrorism 
in Herzliya, Israel. “They may 
close the door and show you out, 
but their security awareness will 
have gone up a notch,” she says.

Zimmerman says the solution 
is to use less onerous security 
measures. Locking down PCs leads 
savvy users to find workarounds – 
which introduce vulnerabilities. 
“The only totally secure computer 
is one that is switched off, filled 
with concrete and dropped to the 
bottom of the Mariana trench.”

–Busy making connections–

The estimated price 
of a laptop being 
developed in India. 
The computer will 
draw just 2 watts of 
electrical power

$10

The message displayed alongside every Google search result for nearly an hour on 31 January, 

when an error at Google led to the whole internet being labelled a virus-ridden threat, rather 

than just the sites on stopbadware.org’s list of malicious sites (Chicago Tribune, 1 February)

“This site may harm your computer”

“The developing brain 
must refine its wiring and 
prune out any redundant 
connections before birth”
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LIVING creatures took millions of 
years to evolve from amphibians 
to four-legged mammals – with 
larger, more complex brains to 
match. Now an evolving robot 
has performed a similar trick 
in hours, thanks to a software 
“brain” that automatically grows 
in size and complexity as its 
physical body develops.

Existing robots cannot usually 
cope with physical changes – the 
addition of a sensor or new type 
of limb, say – without a complete 
redesign of their control software, 
which can be time-consuming 
and expensive.

So artificial intelligence 
engineer Christopher MacLeod 
and his colleagues at the Robert 
Gordon University in Aberdeen, 
UK, created   a robot that adapts 
to such changes by mimicking 
biological evolution . “If we want 
to make really complex humanoid 
robots with ever more sensors and 
more complex behaviours, it is 

evolutionary algorithm (IEA) 
capable of adding new parts to 
its robot brain over time. 

The team started with a simple 
robot the size of a paperback book, 
with two rotatable pegs for legs that 
could be turned by motors through 
180 degrees. They then gave the 
robot’s six-neuron control system 
its primary command – to travel 
as far as possible in 1000 seconds. 
The software then set to work 
evolving the fastest form of 
locomotion to fulfil this task.

“It fell over mostly, in a 
puppyish kind of way,” says 
MacLeod. “But then it started 
moving forward and not falling 
over straight away – and then it 
got better and better until it could 
eventually hop along the bench 
like a mudskipper.”

When the IEA realises that its 
evolutions are no longer improving 
the robot’s speed  it freezes the 
neural network it has evolved, 
denying it the ability to evolve 
further. That network knows how 
to work the peg legs – and it will 
continue to do so. 

At this point, it is just like any 
other evolved robot: it would be 
unable to cope with the addition 
of knee-like joints, say, or more 
legs. But unlike conventional EAs, 
the IEA is sensitive to a sudden 
inability to live up to its primary 
command. So when the team 
fixed jointed legs to their robot’s 
pegs, the software “realises” that 
it has to learn how to walk all over 
again. To do this, it automatically 
assigns itself fresh neurons to 

Evolving robot struts its stuff
The robot’s software brain evolves the fastest way to move and, if new limbs or sensors are added, it boosts its brain power to adapt to its new 

CAMERA

JOINTED LEG JOINTED LEG

RIGID LEG

Two rigid legs
Hops like a mudskipper

Two jointed legs
Scuttles like a salamander

Four jointed legs
Trots like a mammal, with the legs 
on opposite diagonals in sync

critical that they are able to grow 
in complexity over time – just like 
biological creatures did,” he says.

As animals evolved, additions 
of small groups of neurons on top 
of existing neural structures are 
thought to have allowed their brain 
complexity to increase steadily, 
he says, keeping pace with the 
development of new limbs and 
senses. In the same way, Macleod’s 
robot’s brain assigns new clusters 
of “neurons” to adapt to new 
additions to its body.

The robot is controlled by a 
neural network – software that 
mimics the brain’s learning 
process. This comprises a set of 
interconnected processing nodes 
which can be trained to produce 
desired actions. For example, if the 
goal is to remain balanced and the 
robot receives inputs from sensors 
that it is tipping over, it will move 
its limbs in an attempt to right 
itself. Such actions are shaped 
by adjusting the importance, or 
weighting, of the input signals to 
each node. Certain combinations 

of these sensor inputs cause the 
node to fire a signal – to drive a 
motor, for example. If this action 
works, the combination is kept. If 
it fails, and the robot falls over, the 
robot will make adjustments and 
try something different next time.

Finding the best combinations 
is not easy – so roboticists often 
use an evolutionary algorithm 
to “evolve” the optimal control 

system. The EA randomly 
creates large numbers of control 
“genomes” for the robot. These 
behaviour patterns are tested in 
training sessions, and the most 
successful genomes are “bred” 
together to create still better 
versions – until the best control 
system is arrived at. 

MacLeod’s team took this 
idea a step further, however, 
and developed an incremental 

Paul Marks

Robot’s brain evolves 
in step with its body
If we’re ever going to build complex humanoid robots or sophisticated 
prosthetics, they’ll need the ability to adapt to their changing circumstances

“ When the team fixed 
jointed legs onto the robot, 
it ‘realised’ it had to learn 
how to walk all over again”
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learn how to control its new legs. 
As the IEA runs again, the leg 

below the “knee” is initially 
wobbly, but the existing peg-leg 
“hip” is already trained. “So it 
flops about, but with more 
purpose to it,” says MacLeod. 
“Eventually the knee joint 
works and the robot evolves 
a salamander-like motion.”

Once the primary command 
has been fulfilled once again, the 
IEA freezes that second neural 
network. When two more jointed 
legs are added to the rear of the 
robot, the software once again 
adds more neurons and this time 
evolves a four-legged trotting 
motion, and so on (see diagram). 

The robot can also adapt to 
newly acquired vision, and learn 
how to avoid or seek light when 
given a camera. “This is just like 
the way the brain evolved, 
building up in layers,” Macleod 
says (Engineering Applications 

of Artificial Intelligence (DOI: 
10.1016/j.engappai.2008.11.002). 

  Kevin Warwick , head of 
cybernetics at the University of 
Reading in the UK, is far from 
convinced. He says just adding 
more neurons to the brain as 
things change is not enough; the 
entire neural structure must also 
adapt. “[MacLeod’s] approach will 
result in many more neurons being 
needed to do the job badly, when a 
smaller number of neurons would 
have done well,” he says.

Macleod says the team ran tests 
in which the whole “brain” was 
able to re-evolve, but the system 
became too complex and simply 
ground to a halt. But he is now 
taking his idea a step further, with 
a simulated robot that not only 
evolves its own way of moving, 
but also decides how many legs 
and sensors it needs to carry out 
a given task most effectively.

He is confident the technique 
will help to build more advanced 
robots. In particular, the software 
could make humanoid robots and 
prosthetic limbs more versatile, 
he says. “It can build layer-upon-
layer of complexity to fulfil tasks 
in an open-ended way.”  ■

EVER wanted to explore the deep 

ocean without getting wet? Now 

you can with Ocean in   Google Earth , 

the new addition to the company’s 

virtual Earth model .

The tool will allow users to fly 

beyond the beach  and, in place of 

the flat seabed image of previous 

versions, see a shimmering, semi-

transparent sea. Dive beneath it 

and the oceanic mountain ranges, 

trenches and abyssal plains are 

there for all to see.

Google’s usual satellite imaging 

can’t peer through deep water to 

map the seabed. Instead, sound is 

the tool of choice when mapping the 

ocean floor. Passing sonar arrays over 

every patch of ocean is beyond even 

Google’s means, so it has had to rely 

on the US navy for much of the 

information. As a result, some 

“sensitive” areas are blank . Other 

navies and research institutions 

around the world also provided data, 

helping Google Earth’s software 

engineers to stitch together a map 

with a resolution in the order of 

500 to 1000 metres. In areas where 

a lot of research groups operate, such 

as Monterey Bay in California, the 

resolution is down to a couple of 

metres – better than most of the 

land maps in Google Earth. 

Google hopes researchers will 

continue to contribute to the project. 

“Our hope is that people who have 

these small patches of good data 

will be excited and come out of the 

woodwork,” says Steve Miller, Ocean 

in Google Earth’s lead developer. 

The tool also extends beyond 

mapping the layout of the seabed. 

“It’s a huge thing to see all the 

undulations, terrain, sea mounts 

and trenches,” says Miller, “but 

we want to engage people with 

everything from marine life to 

cutting- edge science as well.”

Marine scientists currently use 

a variety of platforms to share and 

display their research, but none has 

become a central hub. Google hopes 

to fill this void by providing an open 

platform where scientists can 

combine data from buoys, ships and 

other sensors with maps of species 

distribution and tracks of everything 

from whale sharks to eels. 

Sylvia Earle, a marine 

conservationist and former chief 

scientist at the US National Oceanic 

and Atmospheric Administration who 

inspired the tool, hopes it will help 

protect the seas in their time of 

need. “Maybe this will help people 

see how the ocean and land are 

interconnected and stir them into 

action,” she says. “There’s a lot of 

ocean out there that we have to 

explore and communicate with 

the world.”  Frank Pope  ■

Soar beneath the waves
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NASA has completed a delicate 
set of flight tests to measure how 
modifications to an F-15 jet can 
affect the way shock waves form. 
The results could help turn sonic 
booms into distant rumbles.

The measurements will be used 
to calibrate a computer model of 
shock wave propagation which 
will be a crucial aid for engineers 
designing a new generation of 
quieter supersonic aircraft. 
“We’re pretty close to being able to 
control sonic booms,” says Peter 
Cohen of NASA’s Langley Research 
Center in Virginia, principal 
investigator for the agency’s 
supersonic research programme.

Shock waves form at the front 
and back of supersonic aircraft 
as they shove air out of the way. 
When these shock waves hit the 
ground, observers hear them as 
a single boom. Public opposition 
to booms has led to a ban on 
civilian supersonic flight over 
US land, and this key factor has 
discouraged further development 
of supersonic planes.

Attempts to quieten the sound 
have focused on a technique 
called boom shaping, which 

has it that booms would be weaker 
if they spread out over a larger area. 
The idea is to redesign the shock-
forming zones around the nose 
and tail so that waves from them 
don’t hit the ground together, but 
instead arrive over a longer period, 
like distant thunder. 

Five years ago, NASA, the 
US Defense Advanced Research 
Projects Agency and several 
aerospace companies   studied 
how a spiked nose-cone fitted to 
an F-5 fighter jet affected shock 
waves generated at the nose .

Now NASA has finished a 
similar set of measurements of 
the boom generated at the rear of 
an aircraft. This depends on the 
shape of the wings and air flow 
around the engine. The “Lift and 

Nozzle Change Effects Tail Shock” 
project (LANCETS) measured 
the shock waves produced by a 
modified F-15 jet in different wing 
and engine configurations. The 
measurements were taken by a 
second F-15 flying close behind 
and will be used to calibrate 
NASA’s computer models of 
how shock waves form. 

If the results live up to 
expectations, the next step would 
be to modify a jet so that it 
produces a low rumble rather 
than a boom in supersonic flight. 
Confirming the computer model 
is a crucial part of this process 
because designing, building and 
flying a test plane can cost more 
than $100 million, says Tim Moes 
of NASA’s Dryden Research Center 
in California. “We think we could 
do it in the next four to five years,” 
Cohen told New Scientist.

Don’t expect to see a new 
Concorde any time soon, though. 
Cohen says that boom-hushing 
technology may first appear 
on small business jets rather 
than larger aircraft. 

“Boom shaping doesn’t 
come for free,” says Cohen. 
The aerodynamic modifications 
reduce fuel efficiency by 10 to 
15 per cent. “That’s not too bad 
for a business jet, but not good 
for an airliner.”  Jeff Hecht  ■

Supersonic flight without the 
boom – but quiet will cost

-Quiet please- 

Trick of the light makes 
lab-on-a-chip more versatile
A FINE beam of light could push tiny 

liquid samples through “microfluidic” 

devices, instead of the mechanical 

pumps or electric fields now used 

in these labs-on-a-chip. A laser 

would be a more versatile tool to 

pump, divide and sort single cells 

or viruses for analysis. 

Jean-Pierre Delville from the 

University of Bordeaux 1 in France 

and colleagues passed a beam of 

light perpendicularly through the 

interface between two different 

liquids to create a jet of liquid that 

flowed along the beam, but in the 

opposite direction to the flow of 

photons . This happens because 

the liquids have different refractive 

indexes, causing the speed of the 

photons to change as they flow 

across the interface, altering their 

momentum. As momentum has 

to be conserved, the interface 

experiences a force in the opposite 

direction, creating a tiny bulge that 

slowly grows.  

At some point, the interface can 

no longer support the pressure in 

the ever-increasing bulge, and a jet 

of fluid bursts through . As it does so, 
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“A laser would be a more 
versatile tool to sort 
single cells for analysis 
in microfluidic devices”

the light scatters, changing the 

momentum in such a way that it 

causes the fluid to flow towards the 

source of the beam, travelling up to 

300 micrometres .

The team then used a second beam 

of light to manipulate the droplets of 

the fluid jet  once they were moving. 

For example, the heat from the 

second beam could be used to 

increase the surface tension on only 

one side of the droplets, causing 

them to move horizontally away from 

the beam. This can also be used to 

stop and start a flow, or split and 

merge droplets, a technique that they 

say  could be helpful when trying to 

control liquid flow in the tiny channels 

of a lab-on-a-chip (Journal of Optics 

A: Pure and Applied Optics , DOI: 

10.1088/1464-4258/11/3/034015).

As laser beams can be easily 

focused, switched on and off rapidly, 

and reflected around the chip, the 

team believe that  researchers would 

be able to alter the flow of liquid 

very precisely. 

David Erickson, an expert in 

microfluidics at Cornell University 

in Ithaca, New York, thinks the 

technique is more precise and flexible 

than current methods. However, he 

warns that the heat generated by 

the laser beam could damage some 

biological samples.  David Robson  ■
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FEW editors can resist a disaster 
story, even one that happened 
in the distant past. So it is little 
wonder that the press jumped 
all over   claims by a team of 
25 researchers  in 2007 that a 
mysterious impact on the North 
American ice sheet 12,900 years 
ago wiped out the continent’s 
Pleistocene megafauna and the 
Clovis culture of the early settlers, 
and wreaked havoc on the global 
climate. The researchers claim a 
comet collision triggered wildfires 
across the continent and a sudden 
cooling known as the Younger 

Dryas event. If correct, the theory 
could help resolve a   long-running 
debate  over whether climate 
change or the first human settlers 
killed off the mammoths and 
other ice-age giants.

The story got a fresh airing in 
January when   a brief paper in 
Science  (vol 323, p 94) appeared to 
back it up. Yet despite this, there is 
very little support for the impact 
theory. Specialists in several fields 
see no convincing evidence of a 
smash. A study in the Proceedings 

of the National Academy of 

Sciences last week (DOI: 10.1073/

pnas.0808212106) found no sign 
of continent-wide wildfires. 
Needless to say, the press paid 
little heed: who wants a good 
story ruined by a few facts?

Beware. In geology, bold 
explanations for Earth-changing 
events rarely match up to reality. 
Our environment was shaped 
mainly by long-term processes 
rather than catastrophes. 
Reporters  tend to find such 
slow change boring, and focus 
on dramatic events such as 
earthquakes. Unfortunately, 
they also fall for fancifully 
dramatic explanations.

One such was the catastrophism 
of   Immanuel Velikovsky , whose 
1950 book Worlds in Collision was 
a bestseller. Scientists spent years 
debunking Velikovsky , but within 
a year of his death, Luis and Walter 
Alvarez   made headlines  with the 
idea that a 10-kilometre-wide 
asteroid caused the extinction of 
the dinosaurs 65 million years 
ago. The Alvarezes had solid 
evidence which other scientists 
then replicated. Naturally, this 
encouraged researchers to blame 
other mass extinctions on cosmic 
collisions, a conclusion the press 
was always happy to celebrate.

Fair enough: if such an event 
can happen once, it can happen 
again. Yet no one has convincingly 
linked any other mass extinction 
to an asteroid impact. The 
dinosaur-killer could have been 
one of a kind. Take note: no matter 
how intriguing a theory sounds, 
the real test is whether its 
predictions match the facts. ■

Jeff Hecht is a consultant for New 

Scientist in Boston, Massachusetts

Apocalypse, 
not now
Just because the popular press seizes on dramatic 
explanations for Earth-shaping events doesn’t 
make them correct, warns Jeff Hecht
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OPINION

Basic research can have 
surprising benefits, says 
Anil Ananthaswamy

You never 
know what 
might turn up

PHYSICISTS and cosmologists do 
not tend to seek justification for 
their expensive experiments by 
flagging up the great practical 
benefits that might result. 
Investigations into the origins and 
nature of the universe are, quite 
rightly, considered important 
enough on their own. Yet blue-sky 
research often has unexpected 
outcomes, and they are worth 
celebrating. If nothing else, they 
can help bridge the conceptual 
gap between exotica such as 
neutrinos and dark matter, and 
more mundane concerns.

There are plenty of examples to 
choose from. Researchers at the 
  Main Injector Neutrino Oscillation 
Search  (MINOS) experiment deep 
inside an old mine in Soudan, 
Minnesota, recently announced 
that their detector, which is 
designed to look for neutrinos, 
those most elusive of subatomic 
particles,   could also help with 
weather forecasting . It turns out 
that the number of particles known 
as muons picked up by the detector 
varies according to conditions in 
the upper atmosphere, which 
affect the weather lower down.

Then there’s the   Cryogenic Rare 
Event Search with Superconducting 
Thermometers  experiment inside 
the Gran Sasso Mountain in Italy. 
The CRESST detector is designed 
to spot dark matter particles, but 
the technology has been co-opted 
to study various properties of 
biomolecules. Researchers usually 
do this in mass spectrometers, 



“Cracking in the cold crystal 
was very similar to the 
cracking that earthquakes 
produce in rocks”

IN DECEMBER, with great fanfare, the Vatican 

released   Dignitas Personae , its latest report on 

bioethics. Sad to say, the document demonstrates 

once more that a morality rooted in outdated, 

pre-scientific understanding is not appropriate to 

modern realities.

I refer not to the hot-button issues of abortion 

or stem cell research but to the Catholic church’s 

continued opposition to a decidedly pro-life 

medical intervention: in vitro fertilisation. The 

moral basis of   the Vatican’s opposition  seems 

to be twofold: that only conception achieved 

through the sexual union of a man and a woman 

is sacred, and that the fertilised cell that results 

from such a union has a soul and therefore the 

dignity of a person. 

Even before IVF was attempted, the Catholic 

church opposed it with the suggestion, as 

I understand it, that a baby conceived by this 

method would not have a soul.  This objection 

was dropped after the first IVF babies were born 

and found to be like all other babies, growing up 

to be normal human beings indistinguishable 

from their non-IVF counterparts. 

But while empirical evidence is the basis of 

science, faith has different foundations. The pope 

remains opposed to IVF on the grounds that sexual 

union is sacred, and therefore only conception 

achieved through sexual union accords sufficient 

dignity to the end product. I have to wonder, 

though, whose dignity is enhanced by withholding 

medically viable methods that have allowed 

infertile couples, now numbering in the millions, to 

conceive and give birth to children they will love.

Several years ago I was invited to the Vatican 

for a meeting on the future of the universe and 

life within it, where scientists and theologians 

tried to communicate with each other, presumably 

to allow both sides to enhance their understanding 

of fundamental issues related to our place in the 

cosmos. I began my lecture with the somewhat 

glib remark that it was important for the 

theologians to listen to me, but not as important 

for me, as a scientist, to listen to them. I am not 

sure the theologians were happy to hear this, but 

I think discussions during our meeting reinforced 

the notion that the science-religion interface is, 

at best, a one-way street. I say that because, as a 

human being, my understanding of moral issues 

may or may not be improved by such discussions, 

but as a scientist my efforts to use empirical data 

to understand the workings of nature would be 

largely unaffected by them. Theologians, on the 

other hand, seem to me to have an obligation 

to attempt to understand the knowledge 

about the world that has been gained through 

science, because only through such knowledge 

can their theology possibly be consistent.

The Catholic church has understood this in 

other contexts. Official Catholic doctrine, as 

outlined in the 2004 document   Communion and 

Stewardship , accepts the reality of biological 

evolution, and that   the theory of evolution is 

compatible with the Bible . It has had to recognise 

that it would be fruitless to claim that evolution 

is inconsistent with a belief in God, because 

evolution did occur and is the source of the 

diversity of life on Earth. A similar argument 

earlier led the Catholic church to accept the 

reality of a heliocentric  solar system and the 

existence of other stars and galaxies. 

Failure to accept modern biomedical 

understanding of human conception will keep 

the church as mired in the past as it was when 

it opposed   Galileo ’s understanding of the nature 

of our solar system. And as long as it allows the 

foundations of its morality to be fixed in the past, 

ignoring advances based on changing knowledge, 

its moral authority will remain questionable.  ■

To comment on these stories go to www.NewScientist.com/section/opinion

Science the Catholic 
church can’t ignore

“I thought it was more important for 
the theologians to listen to me than 
for me to listen to them”
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World lines
Lawrence Krauss

Lawrence Krauss is director of the Origins Initiative 

at Arizona State University in Phoenix

accelerating the particles 
to energies of a few tens of 
kiloelectronvolts and seeing how 
fast they travel. This technique is 
not very good at telling apart heavy 
molecules, because at a given 
energy they are moving quite 
slowly. But by combining it with 
technology used in the CRESST 
detector, which can measure the 
energy of a particle smashing into 
a super-cold sapphire crystal 
regardless of its velocity, it is 
possible to detect tiny amounts 
of heavy molecules like insulin.

There’s more. During early runs 
of their experiment, the CRESST 
team discovered that their 
sapphire crystal, which is held 
between two sapphire balls, was 
cracking at temperatures of about 

10 millikelvin as the clamp around 
it shrank. “We must have the 
world’s best collection of data on 
cracks,” says Leo Stodolsky of the 
Max Planck Institute for Physics 
in Munich, Germany. It struck the 
team that the relationship between 
the number and energy of cracks 
  matched that between the number 
and magnitude of earthquakes , and 
that this might be put to good use. 
“Maybe there is a universal 
principle behind it,” says Stodolsky. 
One day such data could be applied 
to predict big earthquakes.

What better way to bring blue-
sky thinking down to earth.  ■

Anil Ananthaswamy is a consulting 

editor for New Scientist 



Amoral advances

From Stuart Leslie

The oft-expressed idea that 
science is somehow morally and 
ethically neutral (  10 January, p 29 ) 
shows that scientists are just as 
prone to woolly thinking as the 
critics of their activities. To hold 
such an idea necessarily implies 
that science is some kind of 
independent entity, separate 
from the human beings engaged 
in scientific activities.

Science is itself an activity and 
set of practices, performed by 
human beings or resulting from 
human behaviour, and has no 
existence apart from this. It is no 
less subject to moral and ethical 
judgement and strictures than 
other human activities.
Dorrigo, New South Wales, 

Australia

From Deborah Webster

In response to Dan Jones’s concern 
about “barriers to progress” that 
flow from moral forces, I offer 
the following: the introduction 
of cane toads to Australia; 
Hiroshima and Nagasaki; the 
  Tuskegee study  on untreated 
syphilis in African American 
sharecroppers; the drug 
 Thalidomide; Agent Orange in 
Vietnam; medical experiments 

and drug testing performed 
without consent on people 
deemed mentally ill; the nuclear 
reactor accident at Chernobyl 
in Ukraine; and the forced 
sterilisation of women judged 
by men to be “feeble-minded”.

All these government-backed 
policies or projects were invented 
by scientists considered forward-
thinking by their contemporaries. 
There probably were opponents 
of each who were, for political 
purposes, ignored at the time.

Only science that suits the 
purposes of government or other 

powerful interests will ever reach 
the attention of the public, and 
only science that attracts funding 
will be developed. Only by 
examining every proposed 
scientific “advance”, the 
motivation behind it and the 
interests it serves, can the wider 

public protect itself, and in 
particular the most vulnerable 
members of our world.
Meadowbank, New South Wales, 

Australia

From David Bruce-Steer

It is disappointing that Dan 
Jones did not get Lewis Wolpert to 
explain further what he meant by 
“direct contact with small groups 
of people” in influencing the 
recent public vote on a proposal 
to restrict the use of genetically 
modified organisms in 
Switzerland. Who were these 
people? Politicians? Newspaper 
editors? Lobbyists? People 
randomly chosen off the street?
Artarmon, New South Wales, 

Australia

From Stephen Wood

When heart transplants were first 
done, many were uneasy about 
someone having a heart from 
someone else, but over time we 
have learned to accept the idea.

Scientists need to hire 
marketing people. The crazy 
people are already spending 
millions to promote crazy ideas. 
Scientists need to counter this 
and promote sanity.
Orlando, Florida, US

Control carbon

From Gerry Wolff

 I agree with Simon Reynolds that 
it makes good sense to apply 
controls on fossil carbon as near 
as possible to the point where 
it is extracted from the ground 
(  3 January, p 16 ). In the proposals 
at   www.kyoto2.org , funds raised 
from the auction of extraction 
permits would be invested to 
tackle both the causes and the 
consequences of climate change, 
with an emphasis on addressing 
the needs of the poor and those 
most adversely affected by 
climate change.

This sidesteps the illogicality of 
trying to assign carbon emissions 
to countries. As Oliver Tickell, who 
set up Kyoto2, writes: “If a product 

is made in China by a company 
based in Singapore, using 
Australian coal, for a company in 
the UK, and exported to end users 
in the US, then which country 
should ‘own’ the emissions?”
Menai Bridge, Anglesey, UK

Energy, and food too

From Brian Wood,   Strathclyde 

Institute of Pharmacy and 

Biomedical Sciences 

 Aria Pearson highlights the 
importance of upwelling in 
bringing nutrients from deep 
ocean to the surface (  3 January, 
p 32 ). On the other hand you 
describe the Ocean Thermal 
Energy Conversion (OTEC) 
concept (  22 November 2008, 
p 28 ), in which water from the 
deep ocean is used as a cooling 
agent in electricity generation  
and then sent back to the sea floor.

When I first encountered OTEC 
at the University of Hawaii in 1980, 
its value as a means of introducing 
fertile water into the nutrient-
depleted but warm Hawaiian 
surface waters seemed to be 
more important to the scientist 
educating me on it than was energy 
production. Using this fertility 
could be even more relevant today.
Lenzie, Dumbartonshire, UK

Magic moment 

From John Newton

 May I share a “magic moment”? 
A girl of about 10 was standing at 
a supermarket news-stand with 
a copy of New Scientist open at the 
lead story, “Resurrection Park” 
(  10 January, p 24 ). She was 
explaining to her younger brother, 
in some depth, how extinct beasts 
might be resurrected. I felt hope 
for an intellectual future.
Seaton, Devon, UK

From Donald Windsor

If an extinct mammal were 
resurrected, what about its 
symbionts? These often-ignored 
organisms are essential to its 
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digestion, nutrition, and 
protection from opportunistic 
pathogens. Would resurrected 
mammals be intentionally 
infected with symbionts from 
their closest living relatives?
Norwich, New York, US

Cannabis and crime

From Amanda Feilding, 

  The Beckley Foundation 

Andy Coghlan correctly identified 
minimising the harms caused by 
cannabis use as the focus for the 
Beckley Foundation Cannabis 
Commission’s report “Moving 
beyond stalemate” (  3 January, p 6 ). 
It is important to stress that the 
legalisation option mentioned 
in the article is only one of many 
alternatives to prohibition put 
forward in our report for 
governments to consider.

Under a decriminalisation 
regime, cannabis use and 
possession remain illegal but 
 those who break the law are 
not subjected to arrest and 
prosecution, thereby alleviating 
some of the social harms that 
can result from treating users 
as criminals.

By contrast, legalisation would 
allow a legitimate cannabis 
market to be established. The 
authors do suggest that in looking 
beyond decriminalisation 
governments should consider a 
regulated cannabis market as one 
option, for the reasons Coghlan 
highlighted. They point out, 
however, that it is not known 
what the consequences of such 
a market would be for levels of 
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cannabis use and the resulting 
harms, because it has never been 
tried. They accordingly 
recommended that if this policy 
were introduced it would have to 
be subject to an ongoing process 
of review and evaluation.

The evidence from the Dutch 
experience – an imperfect 
example of such a market, 
as cannabis production there 
is still illegal and therefore 
unregulated – is mixed, although 
it does not appear to be associated 
with higher levels of use and harm 
than other European countries.

The commissioners of the 
Beckley report are world-
renowned experts in drugs 
and drugs policy. Their report 
recognises that the UN convention 
governing cannabis control is 
almost 50 years old and long 
overdue for reform. The Beckley 
Foundation and the commission 
support an evidence-based, 
evolutionary process to changing 
cannabis law.
Oxford, UK

If only

From Bernadette Rogers

Like the subject of your article 
on postponing puberty in 
transsexual children, I recognised 
my gender as female very early 
(  13 December 2008, p 5  and   p 8 ). 
That was in the first half of the 
1930s, at 4 years old, as soon as 
I knew there was a difference.

My continual assertion that 
I was a girl horrified my parents 
and educators. A consultant 
paediatrician advised them to 
“make a man of him or he will 
turn out queer”. Fortunately, 
in spite of attempts at suicide, 
I managed a career in research, and 
my problems remained in check. 

Yet the gender anomaly became 
ever more intense: eventually a 
supportive trauma consultant 
and loving marriage partner 
concluded I could wait no longer. 
That was 16 years ago now, and life 
has been complete and productive 
professionally and socially.

Would my life have been better, 
had the techniques for delaying 
puberty been available in the 
late 1980s? Without doubt. As 
for the question of how patients 
should be selected, there is for 
me only one answer, and that is 
an early childhood recognition 
of the external physical gender 
being wrong. I find it difficult to 
understand how gender dysphoria 
can arise later in life.
Woodford Halse, 

Northamptonshire, UK

Domestic beer 

From Gregory Sams

I am surprised that anyone should 
be surprised to discover that 
“A good night out began at home 
in ancient Greece” (  10 January, p 
10 ). The term “pub” derives from 
“public house” – a private house 
opened to the public to enjoy 
beer, originally brewed on site. 
The 1830 Beer Act re-established 
the tradition in the UK, to stem 
the tide of gin-drinking, by 
encouraging homeowners to 

pay 2 guineas per annum for a 
licence to sell home-brewed beer 
on their domestic premises.

As well as the pubs and brothels 
mentioned in the article, there 
were doubtless cooks, cobblers, 
and hairdressers who plied their 
trade from home without the 
need for dedicated premises or 
official permits.
London, UK

Emma Young writes:

■ While it was known from 
ancient Greek plays that public 

houses or taverns existed in 
ancient Greece, the mystery was 
why the archaeological evidence 
did not show this. Kelly Blazeby 
re-evaluated the evidence and 
reached the conclusion that homes 
must indeed have doubled up as 
pubs, contrary to traditional 
thinking among archaeologists 
studying ancient Greece.

Anaesthetic function

From Douglas Kell

 Ian Rubenstein comments on 
the proposal by Hans Meyer 
and Charles Overton – whose 
work on the subject was actually 
published in 1899 and 1901   – that 
the effectiveness of inhaled 
anaesthetics is proportional 
to their solubility in lipids 
(  20/27 December 2008, p 18 ).

However, the reason he 
suggests for this is incorrect. 
General anaesthetics are now 
known to work by binding to 
more or less specific receptors, 
especially certain potassium 
channels and receptors for the 
neurotransmitter GABA , that 
happen to have lipophilic pockets. 
Other drugs cross membranes via 
protein carriers, and not directly 
as a result of lipophilicity – see 
the paper by Paul Dobson and 
myself in Nature Reviews Drug 

Discovery (  vol 7, p 205 ).
Manchester, UK



UNTIL very recently, we took our bodies for 
granted. We hoped we would be blessed with
good health and, especially if we are female,
good looks. Those who saw their body as their
temple, or became magnificent athletes or
iconic beauties, were the exception: we didn’t
expect to be like them. Like gifted scientists, 
historians, writers, directors, explorers or 
cooks, their talents extended and enhanced
the world we lived in, but we didn’t expect this 
beauty, prowess or brain power of ourselves.

Over the past 25 years, however, the notion 
of the empowered consumer, along with the 
workings of the diet, pharmaceutical, food,
cosmetic surgery and style industries, and the 
affordability and availability of their products
have made us view our bodies as something 
we can and should perfect. Looking good for 
ourselves will make us feel good, we believe. 

These days, inboxes are full of invitations
to enlarge penises or breasts, to purchase
the pleasure and potency booster Viagra, 
to try the latest herbal or pharmaceutical
preparation to lose weight. The exhortations
have fooled spam filters and popular science 
pages, which, too, sing of implants and pills 
to augment body or brain and new methods
of reproduction which bypass old biology.

Mothers can buy bra sets for their babies or 
rubber stilettos, little girls can go on the Miss 
Bimbo website to create a virtual doll, keep it 
“waif” thin with diet pills and buy it breast 

Bra sets for babies, endless diets, extreme makeovers 
and steroids for adults. We’re dangerously obsessed 
with the body, says psychotherapist Susie Orbach

The unstable body

PROFILE

Feminist psychotherapist Susie Orbach helped 

set up the Women’s Therapy Centre in London. 

Among her clients was Diana, Princess of Wales, 

a bulimia sufferer. Orbach’s Fat is a Feminist Issue 

was a bestseller. This essay is an edited extract 

from her new book, Bodies (Profile Books).

implants and facelifts. They are primed to be 
teenagers who will dream of new thighs, noses 
or breasts. Simultaneously, governments warn 
of an epidemic of obesity. Your body, these 
phenomena shout, is your canvas to be fixed, 
remade and enhanced. Join in. Enjoy. Be part 
of it. Be wary of it. But, above all, fix it. 

So why is bodily contentment so hard to 
find? Why are body transformations, from 
sex change, to the drive to amputate good 
limbs, to cosmetic surgery, if not ubiquitous, 
then a growing part of public consciousness? 
Why is sex a must-have, wrapped up with 
performance and saturated with fantasy in a 
way that would have Freud reeling? What is the 
deep appeal of extreme makeover TV shows? 
What is wrong with our bodies as they are?

I wrote Bodies to explore these issues, issues 
I encounter as a practising psychotherapist 
and psychoanalyst. In my consulting 
room, I see the impact of calls for bodily 
transformations, enhancements and 
“perfectibility”. People do not necessarily turn 
up with particular body troubles, but whatever 
their other emotional predicaments and 
conflicts, concern for the body is nearly always 
folded into them, as if it were perfectly 
ordinary to be telling a life story in which body 
dissatisfaction is central. 

The notion that biology need no longer be 
destiny, and the belief in both the perfectible 
body and the idea we should relish or at least 
accede to improving our own all contribute 
to the idea of a progressively unstable sense 
of our body, a body which to an alarming 
degree is becoming a site of serious suffering.

In an updating and democratising of the 
habit of the leisured classes of decorating 
themselves for amusement and as a marker of 
social standing, we are invited to take up this 
activity too. Something new is happening: our 
bodies are and have become a form of work. 

The body is turning from being the means of 
production to the production itself.

And where it was once women’s bodies who 
were subjects of aggressive marketing, now 
men are targeted with steroids, sexual aids 
and specific masculine-oriented diet products. 
Children’s bodies, too. Photographers now 
offer digitally enhanced baby and child 
photos – correcting smiles, putting in or 
removing toothy gaps, turning little girls into 
facsimiles of china dolls. Girlie-sexy culture 
now entrances more rather than fewer of us. 

“ To an alarming degree 
the body is becoming a 
site of serious suffering”

OPINION  ESSAY
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This democratic call for beauty wears an 
increasingly homogenised and homogenising 
form. While some people may be able to opt 
in, joyfully, a larger number cannot because 
the “democratic” idea has not extended to 
aesthetic variation but has, paradoxically, 
narrowed to a slim, westernised aesthetic, 
with pecs for men and big breasts for women. 
Body hatred is endemic in the west and is 
becoming one of its hidden exports.

What is very clear is that our old Descartian 
or Freudian conceptions of the body, with 
their differing emphases on separation of 
mind and body, or on understanding the mind 
through the body and especially through 
sexual activity, now seem inadequate. In our 
time, the body has become as complicated 

a place as sexuality was for Freud. Like 
sexuality, the body is shaped and misshaped 
by our earliest encounters with parents and 
carers, who contain the imperatives of the 
culture they grew up in, with its injunctions 
about how the body should appear and be 
attended to. Their sense of their own bodily 
deficiencies and strengths, their hopes and 
fears about physicality will play themselves 
out on the child. In my consulting room, their 
impact on the child’s body sense and the 
subsequent adult’s body sense becomes clear.

The growing number of physical 
transformations that people seek suggest 
that we need to marry developmental 
theory – how we understand the passage from 
infancy to adulthood – with the impact of 

contemporary social practices. Emerging 
sciences over the last 30 years have extended 
our understanding of what conflicts in 
the mind can do to the body. They have 
underlined the fact that there is now a crisis 
about the body itself, that many of us are 
acquiring a “false”, unstable sense of our body.

This has made me question the whole 
notion of the body as something that 
unfolds organically according to its own 
genetic imprint from birth on, acted upon 
by the mind – and nutrition – only at key 
developmental stages. We need new theories 
of how we acquire a sense of body that are just 
as compelling as our existing theories of the 
mind. It may even be possible that, rather like 
the acquisition of language, there is only a 
relatively brief period in which we can acquire 
a stable sense of our bodies. 

When we have understood more about 
the psychology of our bodies, we will be 
able to propose a richer theory of human 
development, with the body and mind in their 
proper relationship. We may also better 
understand how the visual cortex is affected 
by our image-saturated culture, and how this 
has led to a shrinking of the rich variety of 
human body expressions. Like the languages 
we lose fortnightly, we are almost doing away 
with body variety. 

These are my clinical concerns and my 
theoretical propositions. Morally, I am pained 
and disquieted by the homogeneous visual 
culture promoted by industries that depend 
on the breeding of body insecurity and which 
then create “beauty terror” in so many. 

It is only because it is so ordinary to be 
distressed about our bodies or body parts that 
we dismiss as “vanity” what are actually 
serious body problems. In fact, they constitute 
a hidden public health emergency – showing 
up only obliquely in the statistics on self harm, 
obesity and anorexia as the most visible and 
obvious signs of a wide-ranging body dis-ease.

The good news is this is not the only possible 
outcome of a digital and hypersaturated 
image culture. The tools which have given rise 
to a narrowing aesthetic could be redeployed 
to include the wide variety of bodies people 
actually have. Nor is it necessarily in the 
long-term interests of the style industries to 
promote a limited aesthetic. Indeed, it may 
benefit these same industries to celebrate 
diversity and variety and to make it their 
ethical aim to transform the body distress 
so many experience today.  ■

Modern ideas of beauty and fitness come 

in an increasingly homogenised form

For more on these stories go to www.NewScientist.com/section/opinion
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 W
HILE many institutions collapsed 
during the Great Depression that 
began in 1929, one kind did rather 
well. During this leanest of times, 

the strictest, most authoritarian churches 
saw a surge in attendance.

This anomaly was documented in the early 
1970s, but only now is science beginning to 
tell us why. It turns out that human beings 
have a natural inclination for religious belief, 
especially during hard times. Our brains 
effortlessly conjure up an imaginary world 
of spirits, gods and monsters, and the more 
insecure we feel, the harder it is to resist the 
pull of this supernatural world. It seems that 
our minds are finely tuned to believe in gods.

Religious ideas are common to all cultures: 
like language and music, they seem to be part 
of what it is to be human. Until recently, 
science has largely shied away from asking 
why. “It’s not that religion is not important,” 
says Paul Bloom, a psychologist at Yale 
University, “it’s that the taboo nature of the 
topic has meant there has been little progress.”

The origin of religious belief is something 
of a mystery, but in recent years scientists 
have started to make suggestions. One leading 
idea is that religion is an evolutionary 
adaptation that makes people more likely 
to survive and pass their genes onto the next 
generation. In this view, shared religious 
belief helped our ancestors form tightly knit 
groups that cooperated in hunting, foraging 
and childcare, enabling these groups to 
outcompete others. In this way, the theory 
goes, religion was selected for by evolution, 
and eventually permeated every human 

society ( New Scientist, 28 January 2006, p 30)
The religion-as-an-adaptation theory 

doesn’t wash with everybody, however. As 
anthropologist Scott Atran of the University 
of Michigan in Ann Arbor points out, the 
benefits of holding such unfounded beliefs 
are questionable, in terms of evolutionary 
fitness. “I don’t think the idea makes much 
sense, given the kinds of things you find in 
religion,” he says. A belief in life after death, 
for example, is hardly compatible with 
surviving in the here-and-now and 
propagating your genes. Moreover, if there are 
adaptive advantages of religion, they do not 
explain its origin, but simply how it spread.

An alternative being put forward by Atran 
and others is that religion emerges as a natural 
by-product of the way the human mind works.

That’s not to say that the human brain has 
a “god module” in the same way that it has 
a language module that evolved specifically 
for acquiring language. Rather, some of the 
unique cognitive capacities that have made 
us so successful as a species also work together 
to create a tendency for supernatural thinking. 
“There’s now a lot of evidence that some of 
the foundations for our religious beliefs 
are hard-wired,” says Bloom.

Much of that evidence comes from 
experiments carried out on children, who are 
seen as revealing a “default state” of the mind 
that persists, albeit in modified form, into 
adulthood. “Children the world over have a 
strong natural receptivity to believing in 
gods because of the way their minds work, 
and this early developing receptivity 
continues to anchor our intuitive thinking 

throughout life,” says anthropologist Justin 
Barrett of the University of Oxford.

So how does the brain conjure up gods? One 
of the key factors, says Bloom, is the fact that 
our brains have separate cognitive systems for 
dealing with living things – things with minds, 
or at least volition – and inanimate objects.

This separation happens very early in life. 
Bloom and colleagues have shown that babies 
as young as five months make a distinction 
between inanimate objects and people. Shown 
a box moving in a stop-start way, babies show 
surprise. But a person moving in the same way 
elicits no surprise. To babies, objects ought 
to obey the laws of physics and move in a 
predictable way. People, on the other hand, 
have their own intentions and goals, and 
move however they choose.

Mind and matter 

Bloom says the two systems are autonomous, 
leaving us with two viewpoints on the world: 
one that deals with minds, and one that 
handles physical aspects of the world. He calls 
this innate assumption that mind and matter 
are distinct “common-sense dualism”. The 
body is for physical processes, like eating and 
moving, while the mind carries our 
consciousness in a separate – and separable – 
package. “We very naturally accept you can 
leave your body in a dream, or in astral 
projection or some sort of magic,” Bloom 
says. “These are universal views.”

There is plenty of evidence that thinking 
about disembodied minds comes naturally. 
People readily form relationships with 
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In The God Delusion, Richard Dawkins argues that religion is propagated 

through indoctrination, especially of children. Evolution predisposes children 

to swallow whatever their parents and tribal elders tell them, he argues, as 

trusting obedience is valuable for survival. This also leads to what Dawkins 

calls “slavish gullibility” in the face of religious claims.

If children have an innate belief in god, however, where does that leave the 

indoctrination hypothesis? “I am thoroughly happy with believing that children 

are predisposed to believe in invisible gods – I always was,” says Dawkins. “But 

I also find the indoctrination hypothesis plausible. The two influences could, 

and I suspect do, reinforce one another.” He suggests that evolved gullibility 

converts a child’s general predisposition to believe in god into a specific belief 

in the god (or gods) their parents worship. 
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It’s a religious world

84% of the people in the world believe in a supernatural 

force of some kind

intervention: “They rely on their everyday 
experience of the physical world and 
construct the concept of god on the basis 
of this experience.” Because of this, when 
children hear the claims of religion they 
seem to make perfect sense.

Our predisposition to believe in a 
supernatural world stays with us as we get 
older. Kelemen has found that adults are just 
as inclined to see design and intention where 
there is none. Put under pressure to explain 
natural phenomena, adults often fall back on 
teleological arguments, such as “trees produce 
oxygen so that animals can breathe” or “the 
sun is hot because warmth nurtures life”. 
Though she doesn’t yet have evidence that 
this tendency is linked to belief in god, 
Kelemen does have results showing that 
most adults tacitly believe they have souls.

Boyer is keen to point out that religious 
adults are not childish or weak-minded. Studies 
reveal that religious adults have very different 
mindsets from children, concentrating more 
on the moral dimensions of their faith and 
less on its supernatural attributes.

Even so, religion is an inescapable artefact 
of the wiring in our brain, says Bloom. “All 
humans possess the brain circuitry and that 
never goes away.” Petrovich adds that even 
adults who describe themselves as atheists 
and agnostics are prone to supernatural 
thinking. Bering has seen this too. When 
one of his students carried out interviews with 
atheists, it became clear that they often tacitly 
attribute purpose to significant or traumatic 
moments in their lives, as if some agency 
were intervening to make it happen. “They 

non-existent others: roughly half of all 4-year-
olds have had an imaginary friend, and adults 
often form and maintain relationships with 
dead relatives, fictional characters and fantasy 
partners. As Barrett points out, this is an 
evolutionarily useful skill. Without it we 
would be unable to maintain large social 
hierarchies and alliances or anticipate what an 
unseen enemy might be planning. “Requiring 
a body around to think about its mind would 
be a great liability,” he says.

Useful as it is, common-sense dualism also 
appears to prime the brain for supernatural 
concepts such as life after death. In 2004, 
Jesse Bering of Queen’s University Belfast, 
UK, put on a puppet show for a group of pre-
school children. During the show, an alligator 
ate a mouse. The researchers then asked the 
children questions about the physical 
existence of the mouse, such as: 
“Can the mouse still be sick? Does it need to 
eat or drink?” The children said no. But when 
asked more “spiritual” questions, such as 
“does the mouse think and know things?”, 
the children answered yes.

Default to god 

Based on these and other experiments, 
Bering considers a belief in some form of life 
apart from that experienced in the body to 
be the default setting of the human brain. 
Education and experience teach us to override 
it, but it never truly leaves us, he says. From 
there it is only a short step to conceptualising 
spirits, dead ancestors and, of course, 
gods, says Pascal Boyer, a psychologist at 
Washington University in St Louis, Missouri. 
Boyer points out that people expect their gods’ 
minds to work very much like human minds, 
suggesting they spring from the same brain 

system that enables us to think about 
absent or non-existent people.

The ability to conceive of gods, however, 
is not sufficient to give rise to religion. The 
mind has another essential attribute: an 
overdeveloped sense of cause and effect 
which primes us to see purpose and design 
everywhere, even where there is none. 
“You see bushes rustle, you assume there’s 
somebody or something there,” Bloom says.

This over-attribution of cause and effect 
probably evolved for survival. If there are 
predators around, it is no good spotting 
them 9 times out of 10. Running away when 
you don’t have to is a small price to pay for 
avoiding danger when the threat is real.

Again, experiments on young children 
reveal this default state of the mind. Children 
as young as three readily attribute design and 
purpose to inanimate objects. When Deborah 
Kelemen of the University of Arizona in Tucson 
asked 7 and 8-year-old children questions 
about inanimate objects and animals, she 
found that most believed they were created 
for a specific purpose. Pointy rocks are there 
for animals to scratch themselves on. Birds 
exist “to make nice music”, while rivers exist 
so boats have something to float on. “It was 
extraordinary to hear children saying that 
things like mountains and clouds were ‘for’ 
a purpose and appearing highly resistant to 
any counter-suggestion,” says Kelemen.

In similar experiments, Olivera Petrovich 
of the University of Oxford asked pre-school 
children about the origins of natural things 
such as plants and animals. She found they 
were seven times as likely to answer that they 
were made by god than made by people.

These cognitive biases are so strong, says 
Petrovich, that children tend to spontaneously 
invent the concept of god without adult 



don’t completely exorcise the ghost of 
god – they just muzzle it,” Bering says.

The fact that trauma is so often responsible 
for these slips gives a clue as to why adults 
find it so difficult to jettison their innate belief 
in gods, Atran says. The problem is something 
he calls “the tragedy of cognition”. Humans 
can anticipate future events, remember the 
past and conceive of how things could go 
wrong – including their own death, which is 
hard to deal with. “You’ve got to figure out a 
solution, otherwise you’re overwhelmed,” 
Atran says. When natural brain processes give 
us a get-out-of-jail card, we take it .

That view is backed up by an experiment 
published late last year (  Science, vol 322, p 115 ). 
Jennifer Whitson of the University of Texas in 
Austin and Adam Galinsky of Northwestern 
University in Evanston, Illinois, asked 

people what patterns they could see in 
arrangements of dots or stock market 
information. Before asking, Whitson and 
Galinsky made half their participants feel a 
lack of control, either by giving them 
feedback unrelated to their performance or 
by having them recall experiences where 
they had lost control of a situation.

The results were striking. The subjects who 
sensed a loss of control were much more likely 
to see patterns where there were none. “We 
were surprised that the phenomenon is as 
widespread as it is,” Whitson says. What’s 
going on, she suggests, is that when we feel 
a lack of control we fall back on superstitious 
ways of thinking. That would explain why 
religions enjoy a revival during hard times.

So if religion is a natural consequence of 
how our brains work, where does that leave 

god? All the researchers involved stress that 
none of this says anything about the 
existence or otherwise of gods: as Barratt 
points out, whether or not a belief is true is 
independent of why people believe it.

It does, however, suggests that god 
isn’t going away, and that atheism will always 
be a hard sell. Religious belief is the “path of 
least resistance”, says Boyer, while disbelief 
requires effort.

These findings also challenge the idea 
that religion is an adaptation. “Yes, religion 
helps create large societies – and once you 
have large societies you can outcompete 
groups that don’t,” Atran says. “But it arises 
as an artefact of the ability to build fictive 
worlds.  I don’t think there’s an adaptation 
for religion any more than there’s an 
adaptation to make airplanes.”

Supporters of the adaptation hypothesis, 
however, say that the two ideas are not 
mutually exclusive. As David Sloan Wilson 
of Binghamton University in New York state 
points out, elements of religious belief could 
have arisen as a by-product of brain evolution, 
but religion per se was selected for because it 
promotes group survival. “Most adaptations 
are built from previous structures,” he says. 
“Boyer’s basic thesis and my basic thesis 
could both be correct.”

Robin Dunbar of the University of Oxford – 
the researcher most strongly identified with 
the religion-as-adaptation argument – also 
has no problem with the idea that religion co-
opts brain circuits that evolved for something 
else. Richard Dawkins, too, sees the two camps 
as compatible. “Why shouldn’t both be 
correct?” he says. “I actually think they are.”

Ultimately, discovering the true origins 
of something as complex as religion will be 
difficult. There is one experiment, however, 
that could go a long way to proving whether 
Boyer, Bloom and the rest are onto something 
profound. Ethical issues mean it won’t be done 
any time soon, but that hasn’t stopped people 
speculating about the outcome.

It goes something like this. Left to their 
own devices, children create their own 
“creole” languages using hard-wired linguistic 
brain circuits. A similar experiment would 
provide our best test of the innate religious 
inclinations of humans. Would a group of 
children raised in isolation spontaneously 
create their own religious beliefs? “I think 
the answer is yes,” says Bloom.  ■

Michael Brooks is a writer based in Lewes, UK. 

He is the author of 13 Things That Don’t Make 

Sense (Profile)
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The greatest 
show on Earth
They have fascinated humankind for millennia, but only now are the 
most dazzling auroras divulging their secrets, says Stephen Battersby
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A 
few times a day, a gigantic explosion 
shakes the Earth’s magnetic shield, 
triggering a chain of events that lights 
up the polar skies with dazzling 

auroras . These explosions are substorms, and 
how they happen has long been a mystery. Until 
now, no one has been able to explain how they 
gather the energy to create such spectacular 
displays, or what happens to trigger them.

Now a flotilla of NASA satellites is finally 
providing answers. They could help us 
understand not only one of nature’s greatest 
spectacles, but also help predict more 
serious space weather, which can endanger 

satellites and astronauts, and even 
scramble electrical systems on Earth.

The northern and southern lights have 
fascinated people throughout human history, 
and there has been no shortage of attempts 
to explain them. Galileo described these 
auroras as sunlight reflected in vapours rising 
from the Earth, while Descartes proposed 
reflections from ice crystals instead. In the late 
1600s, Edmond Halley was the first to correctly 
link the aurora to the Earth’s magnetic field, 
though it wasn’t until the 1950s that scientists 
confirmed that the display is created when 
electrons are funnelled by magnetic fields into 
the upper atmosphere.

Auroras, substorms and more hazardous 
kinds of space weather all begin with the solar 
wind – a thin, hot gas of charged particles 
ejected from the sun, laced with magnetic 
fields and threaded with electric currents. 
This magnetic hurricane is blowing over the 
planet at 1.6 million kilometres per hour, but 
we don’t feel so much as a breeze. That’s 
because most of it is deflected by the Earth’s 
magnetic field, which maintains a zone of 
relatively calm weather around the planet, 
called the magnetosphere. As the solar wind 
blows past the Earth, it pushes and stretches 
this protective shield out on the night side of 
the planet, like hair blown in the wind. 

Despite this protection, the solar wind 
buffets and stirs up the magnetosphere, 

The best auroras happen 

when there’s a magnetic  

storm on the horizon

7 February 2009 | NewScientist | 35

>



For our viewing 

pleasure: charged 

particles hitting atoms 

in the atmosphere

sending high-energy particles showering into
the Earth’s upper atmosphere. There they light 
up the gases like a neon tube, creating an aurora
that appears as a slowly shifting curtain of 
green light as the charged particles smash
into oxygen atoms. These “quiet auroral arcs” 
are usually quite faint. “People will often not 
realise there’s an aurora. The sky will look a bit 
weird maybe, with a diffuse glow,” says Eric
Donovan of the University of Calgary, Alberta,
who monitors the aurora borealis in Canada.

When a substorm rips through the 
magnetosphere, though, unleashing the 
energy of a few megatons of TNT, the effects
are unmistakable. Magnetic fields whip 
through space, the electrical currents that 
circle the magnetosphere thrash wildly, and
the aurora is transformed into a much
brighter and more dynamic display that 
sweeps across the sky for 10 to 15 minutes.
“It is not uncommon to get a hundred or 
thousandfold increase in brightness,” says 
Donovan. The aurora also becomes more 
colourful, as high-energy electrons smash into
molecules of the air, exciting red and green 
light from oxygen and blue from nitrogen.

It was already known that what makes the
difference between subtle auroral arcs and the 
dazzling light shows caused by substorms is 
the direction of magnetic field in the solar
wind. Most of the time the field aligns with
that of the Earth, which allows the solar wind 

to flow uninterrupted around the planet. When 
the two fields point in opposite directions,
though, they can become connected, and that
loads the magnetosphere with the energy 
needed to create a substorm. It was not clear
exactly how this happened, however.

Satellites such as the Geotail mission, led by 
the Japan Aerospace Exploration Agency, have 
helped tell part of the story. Since 1992, Geotail 
has ranged around the long tail of the Earth’s
magnetic field, studying its interaction with

the Earth like juggled balls, each following a 
different looping path, so when something
interesting happens in the magnetosphere 
there’s a good chance that they will be in a 
suitable arrangement to see it.

Three months after launch, THEMIS
encountered the beginnings of a substorm. 
“We had five spacecraft lined up in a row 
perpendicular to the outer boundary of Earth’s
magnetic field, some just inside, some just
outside,” says Sibeck.

This position turned out to be the perfect
spot to answer one of the mission’s questions:
how the solar wind pumps energy into the 
magnetosphere to power a substorm.

THEMIS’s recordings revealed changes in
the Earth’s magnetic field as the solar wind 
connected with the magnetosphere. A bulge 
of twisted magnetic fields formed and slid 
along its boundary, towards the night side 
of the Earth. The team recognised this as a 
phenomenon called a flux rope, which some
researchers had suggested would be linked 
to substorms.

Flux ropes connect the magnetic
fields in the solar wind with those of 
the magnetosphere and the two become 
entwined, linking Earth’s domain with that 
of the sun. This allows high-energy particles
to stream in, loading the magnetosphere 
with pent-up energy (see diagram, right).

As the solar wind blows over the Earth, it pulls 
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”During a substorm, it is
not uncommon to get a
hundred or thousandfold 
increase in brightness”

the solar wind. But a single spacecraft can only 
tell what’s happening at one point; it can’t get 
a big picture of the rapid and complex changes 
that shake the whole magnetosphere. “In the
past, we only had ‘pinprick’ observations,” 
says David Sibeck of NASA’s Goddard Space
Flight Center in Greenbelt, Maryland.

To broaden this view, NASA launched
a flotilla of satellites, collectively named
THEMIS, in February 2007 to catch substorms 
as they happen. The five small spacecraft orbit 
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on its end of the flux rope, dragging the rope 
and its magnetic fields away from Earth’s day 
side and out into the tail of the magnetosphere.

As more and more flux ropes form and are 
pulled into the tail, the day side of the Earth 
loses more and more of its magnetic field. 
That does not go on forever, of course. 
“It would completely deplete the day-side 
magnetic field”, says Vassilis Angelopoulos 
of the University of California in Los Angeles, 
who heads the THEMIS mission. Earth’s shield 
would disappear, leaving us exposed to 
carcinogenic cosmic rays. Over geological 
timescales, the atmosphere might even be 
stripped away by the solar wind.

Clearly, and luckily for us, that doesn’t 
happen. Instead, after a few hours of building 
magnetic tension, a substorm strikes. Several 
things happen almost simultaneously: the tail 
snaps, hurling plasma towards the Earth, and 
the electric current that girdles the Earth is 
disrupted. But which of these triggers the 
substorm and the resulting aurora ? To find 
out, the THEMIS researchers needed to know 
which happens first. 

There are two competing theories. One 
school of thought has it that the impetus 
must come from the powerful electric current 
that flows around the magnetosphere about 
60,000 kilometres up. The motion of magnetic 
fields drives this current, as in a dynamo, and 
it is known to be boosted when magnetic 
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The gathering storm 
When the solar wind’s magnetic field is pointing in the opposite direction to that of the Earth, 

it sets up a chain of events that leads to a substorm and produces a spectacular aurora

The Earth's magnetic shield, or magnetosphere, protects the planet from the solar wind, 

which usually just passes around the Earth

But when the magnetic field in the solar wind happens to be opposite to that of the Earth, the two fields connect and a 

twisted “cable” of magnetic fields, or "flux rope", forms. This allows high-energy particles to stream into the magnetosphere

Opposing magnetic 

fields connect, 

snapping the tail

MAGNETOSPHERE

RING CURRENT

SOLAR WIND

AURORAS

SUN

The flux rope is carried to the night side of the Earth by the onrushing solar wind, stealing magnetic field from the day side as it 

goes. Eventually the pinched tail snaps and reconnects in a kind of magnetic “short-circuit”. This triggers a substorm, accelerating 

particles to high energy and generating strong magnetic waves. The snapping tail also sends hot plasma hurtling towards Earth

It is still a mystery how these disturbances light up the aurora so quickly – about a minute after the tail snaps

CASCADE OF HIGH-ENERGY PARTICLES
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The result of a big 

snap in the Earth’s 

magnetic field?

field is added to the tail. Does it get so strong 
that it becomes unstable and showers the 
atmosphere with high-energy electrons?

The other theory is that the trigger comes 
from the tail itself. As more magnetic field is 
added to it, the tail gets compressed tighter 
and tighter. Around the pinched core of the 
tail, these magnetic fields point in opposite 
directions, one running outwards from the 
north pole and the other running in towards 
the south pole. As these two field lines are 
stretched and squeezed by the solar wind, 
perhaps the two opposing fields spontaneously 
reconnect, cutting the tail in half and 
sparking a substorm (see diagram, page 37).

As luck would have it, on 26 February 2008, 
a substorm hit while the THEMIS flotilla was 
strung out on the night side of the Earth, 
straddling the region where the current would 

be disrupted and also where the tail would 
be expected to snap and reconnect. It was the 
perfect opportunity to settle the argument.

The first thing the satellites recorded was 
the tail of the magnetic field snapping off and 
reconnecting , suggesting that substorms do 
start with changes in this area. Case closed? 
Not quite. There was also a big surprise for the 
THEMIS team. Angelopoulos expected that 
the break in the tail would first destabilise the 
current encircling the planet, which in turn 

would spray electrons down to Earth to cause 
the aurora. Instead, the aurora began to 
intensify about a minute after reconnection 
in the tail, and, crucially, before the disruption 
of the ring current. “I was shocked,” says 
Angelopoulos. “We never expected that within 
a minute you would see the aurora light up.”

Not everyone is convinced that the team’s 
findings,   published in the journal Science in 
August 2008 (vol 321, p 931) , settle the matter, 
however. Indeed, Anthony Lui of Johns 
Hopkins University in Baltimore, Maryland, 
disputes the whole sequence of events. He 
thinks that Angelopoulos and his team have 
misinterpreted the THEMIS data and that 
reconnection in the tail happens later. “Then 
the sequence would be opposite to that stated 
in the Science article, implying that current 
disruption is the trigger of substorms 
instead,” Lui says.

Although the THEMIS team have since 
recorded several more substorms, with the 
same results, Lui maintains that the spacecraft 
have never been in quite in the right positions 
to give definitive results. Angelopoulos has 
decided to alter their orbits to address this 
problem. Over the coming months, that may 
remove any remaining controversy about 
what sparks substorms and perhaps explain 
how their auroras appear so quickly.

The mission might also illuminate the 
link between substorms and full-blown 
geomagnetic storms, which can cause more 
than a pretty display. These storms are caused 
by violent outbursts from the sun and can play 
havoc with satellites, scramble GPS signals, 
endanger astronauts and even blow power 
lines on Earth. During a geomagnetic storm 
there are typically several substorms, but how 
the two are connected is unclear. So far during 
the mission, solar activity has been low, but it 
should increase over the coming year or so, 
giving THEMIS a chance to watch a much 
larger storm unfold.

Angelopoulos will be looking forward to it, 
and not just for the scientific opportunities. 
Perhaps surprisingly for someone who spends 
much of his time pondering substorms, 
Angelopoulos has seen very few with his 
own eyes. That is part of his motivation to 
understand them. “I want to go and watch 
them, so I’m working on predictive models,” 
he says. “With a good model of how the trigger 
mechanism works, it should be possible to 
predict the onset of a substorm to within 
minutes, he says. “Then I can run outside.”  ■

Stephen Battersby is a freelance science writer based 

in London. Further reading: www.nasa.gov/themis

” It should be possible 
to predict the onset of 
a substorm to within 
a few minutes.”
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The clocks that regulate the pulse of 
modern life have become so accurate
they are exposing the elusive nature of
time itself, says Matthew Chalmers

Every second 
counts

F
or those physicists and philosophers 
  puzzled by nature’s fourth dimension , 
Patrick Gill has a wry response. “Time,” 

he says, “is what you measure in seconds.” 
For Gill, that is a statement of professional 

pride. He is what you might call Britain’s top 
timekeeper. Within the windowless – and 
largely clockless – cream-brick confines of 
the UK’s   National Physical Laboratory  (NPL), 
near London, Gill and his colleagues are busy 
developing the next, staggeringly accurate 
generation of atomic clocks. These tiny 
timepieces are the devices that ensure radio, 
television and mobile-phone transmissions 
stay in sync, prevent the internet from turning 
into a mess of missing data packets, make GPS 
accurate enough to navigate by, and safeguard 
electricity grids from blackout. They are, 
in short, the heartbeat of modern life.

These are momentous times for Gill and 
others like him in timekeeping laboratories 
around the world. A new generation of atomic 
tickers, known as optical clocks, have just 
wrested the record for accuracy from the 
  ensembles of oscillating caesium atoms  
that held it for half a century. Soon, the 

Standards and Technology (NIST) in Boulder, 
Colorado, NPL physicist Louis Essen   made the 
first reliable atomic clock . This took its beat 
from the precise frequency of microwave 
radiation emitted and absorbed when 
electrons oscillate back and forth between two 
closely spaced energy levels in caesium atoms. 
The result was a timepiece accurate to 1 part in 
1010, or 1 second in 300 years. 

From that point, the days were numbered for 
the traditional astronomical second. In 1967, 
the base unit of time was officially redefined 
as “the duration of 9,192,631,770 periods of the 
radiation corresponding to the transition 
between the two hyperfine levels of the 
ground state of the caesium-133 atom”.

Over the following decades, the accuracy of 
atomic clocks improved still further. The next 
big advance came in 1989, when Stanford 
University physicist Steven Chu – now 
US energy secretary – and colleagues developed 
the “atomic fountain”. This technique involves 
a ball of a million or more caesium atoms, 
trapped and cooled to a few millionths of a 
degree above absolute zero in criss-crossed 
laser beams, being launched upwards through 
a cavity in which microwave radiation excites 
the atoms to oscillate. The atoms’ pulse is 
taken at the top of the trajectory, where 
the effects of temperature and motion that 
disturb their energy levels are at a minimum. 

By tossing caesium clouds upwards over the 
course of a day and averaging the resulting 
frequency, the most accurate caesium-fountain 
clocks, the   NIST-F1 clock  in Boulder and similar 
devices at the Reference Systems for Time and 
Space (  SYRTE ) lab of the Paris Observatory in 
France, can now keep time with an accuracy 
of 1 second in around 80 million years – just 
a few parts in 1016. 

With caesium, that is about the best that can 
be achieved. But caesium is by no means the 
fastest atomic oscillator. It was chosen as a 
matter of convenience: it was easy to excite 

new technology will be so refined that if 
such a clock had ticked away every second 
since the big bang 13.7 billion years ago, it 
would not yet have missed a beat. That is an 
awesome accomplishment – but it’s also a 
problem. At this astonishing precision, we 
might have to rethink not only how we 
measure time, but also our concept of time.

For most of us, the closest we get to thinking 
about the nuts and bolts of time is watching 
the seconds tick away on a wristwatch or wall 
clock. Thinking a bit deeper, we might light on 
the idea that those seconds we are counting 
ultimately just subdivide a natural unit of 
time: the time it takes our planet to turn 
once about its axis, a day. That is indeed the 
historical logic of timekeeping (see diagram, 
page 40). But Earth’s rotation is an imperfect 
metronome. As time has become an ever more 
important governing factor in our lives, we 
have sought faster, more stable beats against 
which to measure its passage. 

A leap forward came in 1955 when, building 
on the work of Isidor Rabi of Columbia 
University in New York, and prototype clocks 
at what is now the US National Institute of 
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using microwaves, and its oscillation 
produced a signal of the right frequency 
to be fed into the counters used in existing 
microelectronic circuits. Other atoms have 
transitions 100,000 times quicker, and so 
might make more precise clocks. The catch 
is that they cannot be probed by microwaves, 
but only by laser light oscillating at much 
higher optical frequencies, close to those of 
visible light. 

At the time the first atomic time standards 
were established, laser technology was in its 
infancy, so nobody gave the possibility of 
optical clocks a second’s thought. Then came 
the problem that the high oscillation rates 
involved – around a million billion times a 
second – were very difficult to count 
accurately. That stumbling block was cleared 
only in 1999, with the invention by Theodor 
Hänsch at the Max Planck Institute for 
Quantum Optics in Garching, Germany, and 
John Hall at NIST of a nifty device called a 
frequency comb, which “geared down” optical 
frequencies, spreading them out to produce 
frequencies back in the microwave range. That 
allowed optical clock rates to be calibrated 
against each other or against a known 
standard, such as caesium. 

Succeeding caesium

In 2001, this technique brought Scott D
iddams and colleagues at NIST   the sought-
after breakthrough . They trapped a single 
mercury ion in an electromagnetic field, an 
environment in which it is subjected to a 
minimum of outside interference. Using a 
frequency comb to compare the frequency of 
the solitary ion’s optical oscillations with 
those of an ensemble of calcium atoms, the 
team produced a clock accurate to better than 
1 part in 1014, about 1 second in 4.5 million 
years   (Science, vol 293, p 825) . In 2004, Gill and 
his NPL team upped the ante with a strontium 
clock accurate to 1 second in 9 million years – 
only one-third as precise than the best 
caesium clocks at that time   (Science, vol 306, 
p 1355) . The German standards lab, the 
Federal Physical-Technical Institute (PTB) in 
Braunschweig, also got in on the act, reaching 
comparable accuracy with an ytterbium ion. 

The baton soon passed back across the 
Atlantic, with the NIST team achieving a 
precision on a par with its own NIST-F1 caesium 
clock in 2006. Finally, in March 2008, NIST 
compared a single-ion mercury transition 
with a transition in trapped aluminium 
atoms, obtaining accuracies of just 5 parts in 
1017 – about 1 second in 650 million years 

  (Science, vol 319, p 1808) . Caesium’s 53-year 
reign as king of the clocks was over. 

In the meantime, caesium has been under 
attack via another, parallel route. Teams from 
several institutes have been investigating the 
timekeeping properties of clouds of identical 
atoms held in an evenly spaced pattern by a 
lattice of interfering laser beams. The stronger 
signals produced by the many atoms of these 
“optical lattice clocks” could ultimately be a 
better bet than single-ion clocks for achieving 
stable, highly accurate frequency standards. 
“They’re a very hot topic right now,” says 
 John Bernard of the Institute for National 
Measurement Standards in Montreal, Canada. 
The record is currently held by strontium, an 
atom   pioneered in lattice clocks  by researchers 

at Tokyo University, Japan, in 2005   (Nature, 
vol 435, p 321) . In March 2008, NIST researchers 
reported a strontium lattice clock with an 
accuracy of 1 part in 1016 – beyond caesium and 
chasing the accuracy of the single-ion clocks 
  (Science, vol 319, p 1805) . 

But why go to so much trouble to build ever 
more precise clocks? Does it make a difference 
if a clock drifts by 1 second in a billion years 
or in 10 billion? Yes, says Gill. For one thing, a 
clock accurate to a second over the age of the 
cosmos would allow tests of whether physical 
laws and constants have varied over the 
universe’s history (see “An inconstant 
constant”, right). “If they have, that would be 
pretty Earth-shattering,” says Gill. 

And it is not just fundamental physics that 
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A brief history of timekeeping
As our ability to measure time’s passage has improved, the way we have defined its divisions has changed
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~2000 BC

The Egyptians divide day and night 

each into 12 hours whose lengths 

vary through the year – common 

practice until modern times

1927

First clocks 

controlled by quartz 

oscillators, accurate 

to a fraction of a 

second a day

1955

Louis Essen’s caesium atomic clock, 

accurate to 1 second in 300 years

1657

Christiaan Huygens’ 

pendulum clock, accurate to 

around 10 seconds a day. 

The second becomes 

standardised by convention 

to 1/86,400th of a solar day

1793

French revolutionary 

fervour subdivides 

the day into 10 metric 

hours of 100 minutes 

of 100 seconds. The 

system lasts little 

more than a year

2008

The accuracy of the best 

caesium clocks –1 second 

in 80 million years – is 

overtaken by optical 

atomic clocks

1974

The US Naval Observatory 

puts an atomic clock in 

orbit – the seed of GPS

1958

International Atomic Time (TAI) 

standard established

1967

Birth of the atomic second 

– officially defined as the 

duration of 9,192,631,770 

oscillations of caesium-133

1972

TAI put back by 10 seconds to 

keep it in sync with the 

lengthening solar day. Since 

then, leap seconds are 

regularly added – most 

recently at the end of 2008

1956

To take account of Earth’s slowing rotation, the 

length of the second is fixed as “the fraction 

1/31,556,925.9747 of the tropical year for 1900”
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could benefit. Upgrading GPS to optical-clock 
accuracy could track moving objects in real 
time to an accuracy of substantially better 
than a metre, rather than the tens of metres 
now possible. That is precise enough to moot 
technologies such as automated motorway 
driving, or landing aircraft without 
human intervention. 

Gill cautions that such innovations 
might still be a while off. First, to achieve 
the necessary accuracy, optical clocks must 
be built not only into the ground-based GPS 
master clocks, but also into the slave clocks 
on each of the system’s 32 satellites – no 
mean undertaking. Also, any system whose 
workings put human lives on the line has to be 
shown to be fail-safe. That will require a better 
understanding of how atmospheric conditions 
and multiple reflections on Earth’s surface – 
off buildings in urban environments and rocks 
in mountainous terrain – affect the accuracy 
of GPS readings. 

How soon optical clocks become widespread 
elsewhere – in underpinning high-bandwidth 
data networks, for example – depends on how 
swiftly we can arrange a new time standard 
to supplant caesium. There is, for now, no 
agreement as to what that replacement should 
be; each national lab has its own expertise and 
preferred choice of atom or ion. In 2006, the 
  International Committee of Weights and 
Measures , which is charged with ensuring 
worldwide consistency in measurement units, 
approved optical transitions in mercury, 
strontium and ytterbium as secondary 
representations of the second until the 
primary caesium standard can be replaced.

Uwe Sterr of Germany’s PTB thinks a 
definitive switch is inevitable – eventually. 
“It will still take several years, maybe 10,” he 
says. David Wineland of NIST agrees. “If we 
could confidently say that a mercury clock 
is 100 times more accurate than caesium, 
many other labs would need to verify the 
claim, and many clocks built to satisfy the 
needs of the local users.” 

The complications don’t end there. If these 
local clocks are going to be used to maintain a 
new international time standard, they will 
have to be kept in sync somehow. With the 

accuracies now being achieved, this too starts 
to be a problem. Existing optical fibres are too 
noisy to transmit the signals reliably, leaving 
only satellite links. Even then, synchronising 
clocks at, say, NIST and a lab in Europe to an 
accuracy of 1 second in many trillions will be 
no easy task. It would require averaging the 
signal’s pulse over an unfeasibly long time. 
“Extrapolated optimistically, it would take the 
entire scientific lifetime of the clock-maker,” 
says Diddams. 

There is an even more profound problem 
facing the world’s timekeepers. It has to do 
with the nature of time itself – in particular as 
described by Albert Einstein’s general theory 
of relativity. This theory shakes together 
matter, space and time to generate our best 

idea yet of how gravity works. One of its 
predictions is that a clock will tick faster by 
1 second in 1018 for every centimetre it is raised 
in Earth’s gravitational field. GPS already takes 
into account such effects, which (assuming 
you spend most of your life upright) cause 
your scalp to age a few nanoseconds a year 
more than the soles of your feet.

Mind-boggling as such effects are, they are 
apparently not detrimental to our well-being. 
For optical clocks, they could be. To tell the 
time consistently, all clocks need to be at a 
known height relative to Earth’s “geoid”, an 

imaginary surface that links points at which 
the gravitational field has the same strength. 
But the height of this geoid varies over time 
at any given place by up to 20 centimetres, 
because of effects such as tectonic 
movements, glacial melting and changes 
in ocean levels, and varying atmospheric 
pressure. Changes of that magnitude could 
wreak havoc with any attempt to establish a 
global time standard at an accuracy of 1 part 
in 1018 or better. 

Dan Kleppner of the Massachusetts 
Institute of Technology has spent a career 
pioneering techniques to manipulate the 
ultracold atoms that power optical clocks. 
He thinks the fact that we can no longer 
neglect gravity’s effect on them could have 
profound consequences. “It will make us 
think a little harder about what we really 
mean by time,” he says. No longer can we 
think lazily of time as a constantly flowing, 
uniform background entity. Optical clocks 
confront us with difficult realities of general 
relativity. In your home, time is not the same 
upstairs as downstairs. Soon, if you were to 
have one of the future ultra-precise atomic-
synchronised clocks in your home, the time it 
told would be different according to how far 
up the wall it was fixed.

That is a world away from the how most 
of us – even the time-masters themselves – 
still deal with time. Anxious that I don’t miss 
my train after I visit him at NPL, Gill offers to 
run me back to the station. As I get into 
his car, I glance at the dashboard clock. 
It’s 15 minutes fast.  ■

Matthew Chalmers is a freelance writer based 

in Bristol, UK
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AN INCONSTANT CONSTANT
If the fine-structure constant 

were different, the world would 

fall apart: its value sets the 

strength of the electromagnetic 

interaction that is the glue of 

atoms. Its physical origin is 

unclear, but its numerical value – 

about 1/137 – is all-pervasive. 

Or is it? 

A variable fine-structure 

constant might indicate an 

influence of gravity on the 

strength of the electromagnetic 

force – a variation predicted by 

many attempts to unify the 

fundamental forces of nature in 

a “theory of everything”, but 

which so far has not been found.

If the value of the fine-

structure constant has in fact 

been shifting since the universe 

began, an optical clock that 

would not have missed a beat 

over that period should be able 

to pin that movement down. 

Oscillations of different atoms – 

even different oscillations of the 

same atoms – depend on the fine 

structure constant in different 

ways. If the constant shifts, so 

will the atoms’ oscillation 

frequencies. Comparing 

oscillators at known frequencies 

over the course of a year, and 

seeing whether or not they 

drift out of sync, will provide 

a definitive test.

“A clock accuracy of a part in 

1018 would give the theorists 

something to design around,” 

says astrophysicist John Webb 

of the University of New South 

Wales in Sydney, Australia. He 

has been looking for evidence of 

variations in the fine-structure 

constant over time in   light from 

distant quasars  that has taken 

billions of years to get to us. 

Optical clocks provide an 

opportunity to do the same kind 

of tests more easily in the lab.

” If you had one of these ultraprecise atomic 
clocks in your home, the time would depend 
on how far up the wall it was fixed”
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The furnace 
withinWhy do we waste so much energy keeping our body 

thermostat cranked up to 37? Nick Lane tackles the 
mystery of warm-bloodedness 



leading explanation was put forward three 
decades ago by zoologists Albert Bennett of 
the University of California, Irvine, and John 
Ruben of Oregon State University. They 
proposed that the evolution of endothermy 
was all about stamina. They noted that
mammals and birds have a high aerobic 
capacity compared with other animals, which 
provides their muscles with lots of oxygen and
keeps that supply going for long periods. As a 
result, they are able to sustain exertion for 
longer, whether chasing prey or fighting
competitors. Nobody disagrees with that. 
Bennett and Ruben, however, went on to argue 
something more contentious: that high 
aerobic capacity inevitably leads to a high 
metabolic rate at all  times. In other words, 
selection for stamina leads to endothermy.

Not so many people agree with that. 
There’s no obvious reason why the two 
should be linked: aerobic capacity depends 
on the cardiovascular system and muscles 
whereas the resting metabolic rate depends
mostly on the brain and visceral organs. On 
top of that there are a few reptiles, such as 
monitor lizards, which have high aerobic 
capacity but a low resting metabolic rate.
Some mammals and birds achieve much the 
same by   dropping their body temperature 
when inactive  or when   hibernating . The
aerobic capacity hypothesis has never really 
been   proved or disproved , despite quite a 
few attempts to do so (Physiological and 

Biochemical Zoology, vol 77, p 982).
There are other contradictions too. The 

theropod dinosaurs – the group that includes 
velociraptors – certainly had a high aerobic
capacity. Most researchers agree that they lie 
on the evolutionary line to birds. But were 
they endotherms?

Ruben insists the answer is no, even though
his own aerobic capacity hypothesis predicts a 
link. He agrees that the theropods were 
capable of great speed and exertion, but thinks 
they still had a slow resting metabolism. His 
conclusion is based on the fact that they lack 
so-called respiratory turbinates, elaborate 
whorls of bone or cartilage in the nasal 
passages of birds and mammals that reduce 
water loss through breathing, which is a big 
problem when you have a fast metabolism.

So if there isn’t necessarily a link between
stamina and warm blood, then why did it 
evolve at all? Enter  Marcel Klaassen and  Bart
Nolet of the  Netherlands Institute of Ecology .
They study stoichiometry – how animals get 
enough of the various nutrients they need. 
Herbivores have a well-recognised problem
here: how to get enough nitrogen, which

I
F YOU stopped eating today, you wouldn’t 
survive more than two months. A crocodile, 
on the other hand, might live for a year or 
more. Why the difference? You waste most 

of the food you eat generating heat.
The evolution of warm-bloodedness, or 

endothermy, is one of life’s great mysteries. 
Sure, there are some advantages – staying
active in the cold, keeping young cosy and 
warm, and avoiding having to go out into the 
open to soak up heat from the sun.

The thing is, you could get much the same
advantages by turning up the heat only when
and where in the body it is needed, as many 
animals do. So why do most birds and 
mammals keep the furnaces burning 24/7?
Staying warm – which for birds means 40 °C
on average – comes at a price. Some warm-
blooded animals have to eat as much in one 
day as similarly sized reptiles do in a month,
a dangerous and time-consuming strategy.

Biologists have long struggled to 
understand why we mammals and our 
feathery cousins are warm-blooded. The 
standard explanation is that it evolved in 
small carnivores to enable an active, predatory
lifestyle. Last year, however, a radical new idea 
was put forward: warm blood evolved not in 
carnivores but in herbivores, as a way of
balancing their nutrient requirements. 
Though it is early days, this idea could explain 
not only why we have such an apparently 
wasteful lifestyle, but also a long-standing 
question about the dinosaurs (see “Why did 
dinosaurs grow so big?”, page 44).

In mammals and birds, heat is generated
mainly by the visceral organs such as the liver 
and the brain. These organs are usually larger 
than their counterparts in cold-blooded 
animals (ectotherms), and their cells contain
up to five times as many food-burning
factories, the mitochondria. As a result, they 
generate heat continuously, keeping the entire
body warm all the time. 

This is extraordinarily wasteful, especially 
when you consider that many other animals
have evolved more efficient strategies. For 
example, leatherback turtles   conserve the heat 
they generate when swimming  to keep their 

body temperature 10 °C or more above that
of seawater, allowing them to forage in much
colder waters than other turtles (Comparative 

Biochemisty and Physiology A, vol 147, p 323). 
 Swordfish selectively warm their eyes and 
brain  while hunting, while some sharks and 
tuna keep their long-distance swimming 
muscles well above the water temperature. 
Even a few insects, such as the hawkmoth, can 
generate heat when it’s needed.

So why do most mammals and birds turn 
the thermostat to maximum all the time? The 

7 February 2009 | NewScientist | 43

The old dichotomy between warm 

and cold blood is now seen as too 

simplistic to deal with the many and 

varied ways animals control their

body temperature. Here are some 

examples:

■ Naked mole rats don’t control their

own temperature but adopt that of 

their burrows – usually a constant 

30 °C. They are the only known

ectothermic mammals

■ A few insects, such as the apache 

cicada, sweat: exuding moisture 

cools their bodies by a few degrees

■ The Indian python and some other

snakes shiver while incubating eggs,

warming themselves by up to 8 °C

■ Most bats and a few birds let their

body temperature fall while roosting,

often to that of the ambient 

temperature. If it gets too cold they 

switch on the heat again

■ Monotremes (platypuses and

echidnas) maintain a temperature of 

32 °C, well below the 37 °C norm for 

placental mammals. For most 

marsupials it is 35 °C

■ Hyraxes are poor at maintaining a

constant temperature and resort to 

reptile-like behaviour such as 

basking to keep warm

WARM-BLOODED OR 

COLD-BLOODED?

Couldn’t the food that 

warm-blooded animals

burn to stay toasty be

put to better use? >



they need for making proteins, DNA and 
RNA. Essentially, if you only eat leaves, you get 
too much carbon and not enough nitrogen. 
Some reptiles are herbivores but it is not a 
common lifestyle and those that are cheat, 
says Robert Espinoza of California State 
University, Northridge. “From time to time 
most herbivorous lizards eat bugs or small 
vertebrates,” he says. “It undoubtedly helps 
them overcome nutrient deficits.”

Last year, Klaassen and Nolet suggested 
that the nitrogen issue could explain why 
birds and mammals evolved warm blood 
( Ecology Letters, vol 11, p 785). “If one bucket 
of leaves gives you a fifth of your daily 
nitrogen needs,” says Klaassen, “then all 
you need to do is eat five buckets. What do 
you do with all the excess carbon? Burn it off. 
That’s endothermy.” 

He thinks that resting metabolic rate 
might have risen in animals switching to a 
herbivorous diet. “A theropod that turned to 
herbivory would benefit from warm blood. 
It’s possible that a diet of leaves could have 
given rise to endothermy in the first place.” 

One objection to this idea is that it 
appears self-defeating: a higher metabolism 
leads to a higher turnover of proteins and 
so a greater absolute demand for nitrogen. 
Modern birds and mammals have to 
consume about four times as much nitrogen 
per day as a similar-sized reptile, Klaassen 
and Nolet calculated.

However, there’s a pay-off  in terms of the 
kinds of foods an endotherm can survive on. 
An endothermic herbivore might have to eat 
more, but Klaassen and Nolet calculate it can 
survive on food that contains only a half to a 

quarter as much nitrogen per mouthful. 
You might also think there are simpler ways 

of getting rid of excess carbon, but in fact 
endothermy is a very neat solution. Turning 
excess carbon into a gas that can be breathed 
out is a simple way of getting rid of it. 

The big switch-on 

 What’s more, the molecular changes required 
look relatively simple. According to Frank 
Seebacher at the University of Sydney in 
Australia, developing   chicks start generating 
their own heat  when their cells produce more 
mitochondria under the influence of a protein 
called PGC-1alpha. A similar switch could 
easily have occurred in evolution, in mutants 
that happened to make a bit more PGC-1alpha.

Other possible solutions, such as selectively 
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Sauropod dinosaurs such as 

apatosaurus are the largest 

animals ever to walk on land. 

The heaviest weighed up to 

100 tonnes and the longest 

might have measured as much 

as 60 metres from head to tail.

Why they became so big 

is a long-standing conundrum. 

In 2002, Jeremy Midgley, an 

ecologist at the University 

of Cape Town, South Africa, 

suggested that it was down 

to deficiencies in their diet.

In the Jurassic, herbivorous 

dinosaurs had a serious problem 

getting enough nitrogen, 

Midgley argues. “The average 

nitrogen content of most plants 

living then was typically lower,” 

he says. “And then the carbon 

dioxide levels were much higher, 

maybe 10 times today’s. That 

suppresses the nitrogen content 

of plants even more.”

How does getting big help? 

As an animal’s body size rises, 

its metabolic rate falls, along 

with the growth rate. Why this 

is so is controversial but it does 

affect nitrogen requirements: 

the lower an animal’s metabolism 

and the slower its growth rate, 

the less protein and DNA it has to 

make, and thus the less nitrogen 

it will need per mouthful.

Juvenile sauropods must have 

supplemented their diet with a 

little meat, and perhaps fungi. 

Once they had become truly 

gigantic, however, they could 

survive solely on low-nitrogen 

leaves, Midgley believes. 

Solving one dietary problem 

might have created another, 

though. Jim Elser, an expert in 

ecological stoichiometry at 

Arizona State University, Tempe, 

suspects that giant sauropods 

had problems getting enough 

phosphorus.

To support their weight, giants 

need relatively larger bones than 

smaller animals. This means they 

need relatively more phosphorus, 

because bones are made of 

hydroxyapatite, a phosphorus 

mineral. Large and fast-growing 

plants have a higher phosphorus 

content, so the giant sauropods 

may have been able to get 

enough of this element by eating 

the leaves of large trees. 

WHY DID DINOSAURS GROW SO BIG?

Komodo dragons are 

one reason we need 

a new theory for the 

origins of warm blood

Infrared images reveal 

where body heat leaks 

out, and which creatures 

are the hottest 



endothermy took place around 140 million 
years ago, at the start of the Cretaceous. This 
was the period when nitrogen-rich flowering 
plants were beginning to take over. 
Atmospheric carbon dioxide levels started to 
fall, largely because the more developed root 
systems of flowering plants weather rocks 
faster, a process that removes CO

2
 from the 

atmosphere. Over the Cretaceous, levels of 
CO

2
 halved, from about 10 times pre-industrial 

levels to around 5 times.
Falling CO

2
 would have made plants 

slightly richer in nitrogen, weight for weight. 
For some dinosaurs that would have made 
a herbivorous way of life possible. The rise 
of flowering plants coincides with the first 
examples of   theropod dinosaurs turning 
vegetarian , such as Falcarius utahensis. 
Crucially, that dinosaur is part of a group 

absorbing nitrogen-rich compounds from the 
gut, would require the evolution of entirely 
new mechanisms, and animals that did this 
would need to eat and excrete a lot of food 
from which they derive no benefit at all. 
Burning it, by contrast, produces a useful 
waste product: heat.

It’s an ingenious idea, says Jim Elser, an 
expert in ecological stoichiometry at Arizona 
State University in Tempe. Nitrogen balance is 
a major – if often overlooked – driving force 
in the behaviour of animals today, and 
Klaassen’s idea shows how important it might 
have been in the past, Elser says. “But whether 
nitrogen balance was important in the origin 
of endothermy can only be answered from 
the fossil record.”

So what do the fossils say? For the ancestors 
of birds it appears that the switch to 

quite closely related to the birds. A grand 
scenario, then, might see the rise of flowering 
plants and the evolution of warm blood as 
smaller dinosaurs – including the ancestors of 
birds – turned to herbivory.

Unfortunately, existing fossils provide no 
conclusive evidence. “There’s little we can say 
at the moment about metabolic rates in 
Falcarius or its kin,” says Scott Sampson from 
the Utah Museum of Natural History in Salt 
Lake City, one of the discoverers of Falcarius. 
“The skull of Falcarius is known only from 
fragments, so we cannot yet get a measure of 
the volume of the nasal cavity or whether it 
had turbinates.”

Much the same applies to the early 
mammals. Their ancestors, dicynodonts and 
cynodonts, certainly had a high aerobic 
capacity, and probably evolved warm blood 
sometime during the Triassic, over 200 million 
years ago. There are signs of both fur and 
turbinates in cynodonts, for example. But 
some were herbivores and others were 
carnivores, and it’s not clear which gave rise to 
warm-blooded mammals.

Klaassen is the first to admit that his idea 
will take some proving. “Most theories argue 
that hot blood evolved in smaller carnivores, 
and that may be true. If so, then the rise of 
endothermy might have facilitated herbivory as 
a way of life; it became a lot more feasible once 
hot blood had already evolved,” he says. Even 
this would represent a major shift in thinking.

“It’s plausible that getting enough nitrogen 
could have been an impetus to the evolution 
of endothermy in the first place,” Klaassen 
continues. It might not be as flashy as the idea 
that warm blood evolved to support a fast 
predatory lifestyle, but we may have 
vegetables to thank for our inner warmth.  ■

Nick Lane is an honorary reader at University College 

London. His forthcoming book Life Ascending: The 

ten great inventions of evolution will be published 

in April 2009 by Profile 
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” If one bucket of leaves gives you a fifth of your daily 
nitrogen needs, then all you need to do is eat five.  
What do you do with the excess carbon? Burn it off ”



IN ENGLAND they called the winter of 1709 
the Great Frost. In France it entered legend as 
Le Grand Hiver, three months of deadly cold 
that ushered in a year of famine and food riots. 
In Scandinavia the Baltic froze so thoroughly 
that people could walk across the ice as late as 
April. In Switzerland hungry wolves crept into 
villages. Venetians skidded across their frozen 
lagoon, while off Italy’s west coast, sailors 
aboard English men-of-war died from the cold. 
“I believe the Frost was greater (if not more 
universal also) than any other within the 

People across Europe awoke on 6 January 1709 to find the 

temperature had plummeted. A three-week freeze was followed by a 

brief thaw – and then the mercury plunged again and stayed there. From 

Scandinavia in the north to Italy in the south, and from Czechoslovakia in 

the east to the west coast of France, everything turned to ice. The sea 

froze. Lakes and rivers froze, and the soil froze to a depth of a metre or 

more. Livestock died from cold in their barns, chicken’s combs froze and 

fell off, trees exploded and travellers froze to death on the roads. It was 

the coldest winter in 500 years. 

The winter of 
incomparable cold

hardy native oaks and ash trees succumbed. 
The loss of the wheat crop was “a general 
calamity”. England’s troubles were trifling, 
however, compared to the suffering across 
the English Channel.

In France, the freeze gripped the whole 
country as far as the Mediterranean. Even 
the king and his courtiers at the sumptuous 
Palace of Versailles struggled to keep warm. 
The Duchess of Orleans wrote to her aunt in 
Germany : “I am sitting by a roaring fire, have a 
screen before the door, which is closed, so that 
I can sit here with a sable fur piece around my 
neck and my feet in a bearskin sack and I am 
still shivering with cold and can barely hold 
the pen. Never in my life have I seen a winter 
such as this one.” 

In more humble homes, people went 
to bed and woke to find their nightcaps frozen 
to the bed-head. Bread froze so hard it took an 
axe to cut it. According to a canon from 
Beaune in Burgundy, “travellers died in the 
countryside, livestock in the stables, wild 
animals in the woods; nearly all the birds died, 
wine froze in barrels and public fires were lit to 
warm the poor”. From all over the country 
came reports of people found frozen to 
death. And with roads and rivers blocked by 
snow and ice, it was impossible to transport 
food to the cities. Paris waited three months 
for fresh supplies. 

There was worse to come. Everywhere, fruit, 
nut and olive trees died. The winter wheat crop 
was destroyed. When spring finally arrived, 
the cold was replaced by worsening food 
shortages. In Paris, many survived only 
because the authorities, fearing an uprising, 
forced the rich to provide soup kitchens. With 
no grain to make bread, some country people 
made “flour” by grinding ferns, bulking out 
their loaves with nettles and thistles. By the 
summer, there were reports of starving people 
in the fields “eating grass like sheep”. Before 
the year was out more than a million had died 
from cold or starvation.

The fact that so many people left 
accounts of the freeze suggests the winter of 
1708/1709 was unusually bad, but just how 
extraordinary was it? 

In 2004,   Jürg Luterbacher , a climatologist at 
the University of Bern in Switzerland, produced 
a month-by-month reconstruction of Europe’s 
climate since 1500, using a combination of 
direct measurements, proxy indicators of 
temperature such as tree rings and ice cores, 
and data gleaned from historical documents 
(Science, vol 303, p 1499). The winter of 1708-
1709 was the coldest. Across large parts of 
Europe the temperature was as much as 7 °C 
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Memory of Man,” wrote William Derham, one 
of England’s most meticulous meteorological 
observers. He was right. Three hundred years 
on, it holds the record as the coldest European 
winter of the past half-millennium.

Derham was the Rector of Upminster, 
a short ride north-east of London. He had been 
checking his thermometer and barometer 
three times a day since 1697. Similarly 
dedicated observers scattered across Europe 
did much the same and their records tally 
remarkably closely. On the night of 5 January, 
the temperature fell dramatically and kept on 
falling. On 10 January, Derham logged -12 °C, 
the lowest temperature he had ever measured. 
In France, the temperature dipped lower still. 
In Paris, it sank to -15 °C on 14 January and 
stayed there for 11 days. After a brief thaw at 
the end of that month the cold returned with 
a vengeance and stayed until mid-March.

Later that year, Derham wrote a detailed 
account of the freeze and the destruction it 
caused for the Royal Society’s Transactions. 
Fish froze in the rivers, game lay down in the 
fields and died, and small birds perished by 
the million. The loss of tender herbs and 
exotic fruit trees was no surprise, but even 
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below the average for 20th-century Europe.
Why it was quite so cold is harder to 

explain. The Little Ice Age was at its climax 
and Europe was experiencing climatically 
turbulent times: the 1690s saw a string of cold 
summers and failed harvests, while the 
summer of 1707 was so hot people died from 
heat exhaustion. Overall, the climate was 
colder, with the sun’s output at its lowest for 
millennia. There were some spectacular 
volcanic eruptions in 1707 and 1708, including 
Mount Fuji in Japan and Santorini and Vesuvius 
in Europe. These would have sent dust high 
into the atmosphere, forming a veil over 
Europe. Such dust veils normally lead to cooler 
summers and sometimes warmer winters, but 
climatologists think that during this persistent 
cold phase, dust may have depressed both 
summer and winter temperatures.

None of these things accounts for the 
extremity of that particular winter, however. 
“Something unusual seems to have been 

happening,” says Dennis Wheeler, a 
climatologist at the University of Sunderland, 
UK. As part of the   European Union’s 
Millennium Project , which aims to reconstruct 
the past 1000 years of Europe’s climate, 
Wheeler is   extracting data from Royal Navy 
logbooks , which provide daily observations 
of wind and weather. “With daily data you can 
produce very reliable monthly averages but 
you can also see what happened from one day 
to the next,” says Wheeler. He and his 
colleagues have now compiled a database of 
daily observations stretching back to 1685 
from the English Channel area. “This is a key 
climatic zone. The weather there reflects wider 
conditions across the Atlantic, which is where 
in normal circumstances much European 
weather originates.” 

The most immediate cause of cold winters 
in Europe is usually an icy wind from Siberia. 
“What you would expect would be long runs 
of easterly winds with a well-developed 
anticyclone over Scandinavia sucking in cold 
air from Siberia,” says Wheeler. Instead, his 
data show a predominance of southerly and 
westerly winds – which would normally bring 
warm air to Europe. “There were only 

occasional northerlies and easterlies and 
those were never for more than a few days,” 
says Wheeler. Another odd finding was that 
January was unusually stormy. Winter storms 
tend to bring milder, if wilder, weather to 
Europe. “This combination of cold, storms and 
westerlies suggests some other mechanism 
was responsible for that winter.”

There may be no easy explanation for the 
Great Frost of 1709, but unexpected weather 
patterns revealed by Wheeler’s data underline 
  why climate reconstructions are so important . 
“We need to explain the natural variation in 
climate over past centuries so that we can 
tease apart all those factors that contribute to 
climate change. But before we can do that we 
need to nail down those changes in detail,” 
says Wheeler. “Climate doesn’t behave 
consistently and warmer and colder, drier and 
wetter periods can’t always be explained by 
the same mechanisms.” In the two decades 
after that terrible winter, the climate warmed 
very rapidly. “Some people point to that and 
say today’s warming is nothing new. But they 
are not comparable. The factors causing 
warming then were quite different from 
those operating now.”  Stephanie Pain  ■

“ People went to bed and 
woke to find their nightcaps 
frozen to the bed-head”
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Plunging temperatures turned the Venetian lagoon into a block of ice in 1709



BOOKS & ARTS

  Darwin’s Sacred Cause by Adrian 

Desmond and James Moore  

Allen Lane, £25 

Reviewed by Rowan Hooper

FOR someone who 
came up with what 
has  justly been 
described as “the 
single best idea 
anyone has ever 
had”, Darwin has 
been vilified to an 

extraordinary degree. Clearly, his 
achievement of uniting all species 
under a common ancestor 
  outraged millions, and still does . 

 Adrian Desmond  and   James 
Moore  have come up with 
something astonishing: a radical 
new explanation of the force that 
drove Darwin. I hesitate to call this 
work definitive, as that was how 
the same authors’   epic biography 
 was described in 1991. I wouldn’t 
have thought it possible to further 
elevate the standing Darwin and 
his work already have, but by 
trawling through reams of 
correspondence Desmond and 
Moore have done it. This book 
spectacularly humanises him, 
showing how he was motivated 
by the great moral cause of his 
day: opposition to slavery.

Darwin’s family was 
passionately abolitionist and he 
continually mixed with people 
devoted to the cause. On his travels 
aboard the Beagle he was outraged 
by the slavery he encountered. 
The suffering he saw during those 
five years left a bigger impression 
than, say, the Galapagos finches .

While we know Darwin’s ideas 
on overpopulation and 
competition were influenced 
by   Thomas Malthus , few have 
appreciated how, in Desmond and 

Darwin’s inspiration
A striking new analysis of Darwin’s thought reveals 
the battle over slavery as a seminal influence 

BOOKS & ARTS

Moore’s words, his  “emancipation 
of all life from its Creative chains” 
was driven by a passionate desire 
to see slaves liberated from their 
masters. And while the industrial 
revolution is recognised as a 
major influence, the effect of the 
gigantic and powerful slave trade 
has been ignored. Yet arguments 
about the races were at the 
forefront of intellectual and 
political debate, and supporters of 
the slave trade justified their 
position with the pseudoscientific 
notion that the different races of 
humans were different species. 

After the Beagle voyage, Darwin 
filled notebooks with his ideas, 
and in 1837 sketched a genealogical 
pedigree, his earliest thoughts on 
the origin of species. The authors 
show how this was triggered by 
his belief in the common descent 
of all humans. It wasn’t until 1871 
that he published his ideas in 
full form. If this book has the 
impact it deserves, look forward 
to another celebration in 2021, 
on the 150th anniversary of The 
Descent of Man. Darwin was not 
merely a meticulous scientist, he 
was a passionate humanitarian. 

Great ends

  Darwin’s Island by Steve Jones , 

Little, Brown, £20

Reviewed by John Whitfield

IT IS said you can 
find a quote in the 
Bible to support 
whatever point 
of view you care 
to take. Darwin’s 
Island made me 
think that this 

might be one thing that the words 
of the good book and the work 
of Darwin have in common.

  Steve Jones  takes Darwin’s 
lesser-known books, such as 
The Descent of Man and The Power 
of Movement in Plants, based on 
  his work at home in Down House , 
and uses them as a departure 
point for a tour of a huge swathe 
of biology, from earthworms to 
obesity. Who knew, for example, 
that Darwin discovered the first 
hormone, in plants?  

The unifying theme of Darwin’s 
work, Jones argues, is “the power 
of small means, given time, to 
produce gigantic ends”. Darwin’s 
Island broadens our appreciation 
of Darwin beyond the Beagle and 
On the Origin of Species, and 
shows that he deserves to be 
thought of as the father of the 
life sciences, not just evolution. 

Epic adventure

  Remarkable Creatures by Sean B. 

Carroll , Quercus, £16.99 

Reviewed by Priya Shetty

DARWIN’S 
musings on the 
origin of species 
did not spring 
fully formed from 
his mind.   Sean B. 
Carroll  offers 
the back-story, 

weaving palaeontology, 
naturalism and molecular biology 
into an epic, enjoyable adventure. 
While Darwin inevitably stars, 
visionaries like   Alfred Russel 
Wallace  are also given their due.
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For more reviews go to www.NewScientist.com/topic/books-art

Makers of modernity

  Angels and Ages by Adam Gopnik , 

Knopf, $24.95 

Reviewed by Sam Kean

THAT Charles 
Darwin and 
Abraham Lincoln 
were both born on 
12 February 1809 
is surely nothing 
more than 
coincidence. Seeing 

a deep cosmic link is for mystics 
and Whiggish historians.

  Adam Gopnik  sets out to 

In his rightful place

  Evolutionary Writings by Charles 

Darwin, edited by James A. Secord , 

Oxford University Press, $25/£12.99 

Reviewed by Amanda Gefter

THIS fantastic 
anthology paints 
an enthralling and 
complex portrait 
of Darwin’s ideas 
and his character, 
with selections 
ranging from 

his adventures on the Beagle 
to On the Origin of Species and 
his autobiographical writings. 
Especially enlightening are the 
snippets of book reviews, editorials 
and personal letters contemporary 
to the texts, which, with   James 
Secord’s  excellent introduction, 
put his work into a rich historical 
context and illuminate the 
debates over religion, morality 
and human nature that still rage.

Scholarly jewels

  Evolution: The first four billion years 

 edited by Michael Ruse & Joseph Travis, 

Belknap, $39.95/£25.95 

Reviewed by Laura Spinney

THIS curious 
hybrid of essay and 
encyclopedia aims 
to provide both 
background on 
Darwin’s theory 
and a snapshot 
of modern 

evolutionary biology. It should 
have stuck to the essays, among 
which there are some real gems, 
including   Michael Benton ’s 
concise chronology of life.   

IN HIS OWN WORDS

“My whole soul is absorbed 
with worms just at present!”

To   William Turner Thiselton-Dyer , 

23 November 1880, when Darwin 

was working on his final publication 

  The Formation of Vegetable Mould 

Through the Action of Worms . 

Published the following year, just 

six months before he died, it shows 

that he retained an undiminished, 

almost childlike passion for his 

research.  Shelley Innes

“  Poor Baby died yesterday 
evening. I hope to God he 
did not suffer so much as 
he appeared .” 

To   Joseph Hooker , 29 June 1858.  

Darwin was famously absent from 

the   Linnean Society  meeting of two 

days later when, in a hastily written 

paper,   natural selection  was formally 

presented to the world. His 

correspondence at the time is, 

however, dominated by a domestic 

 crisis. Scarlet fever had hit his family, 

taking  the life of his youngest child, 

baby Charles.  Alison Pearn

“If any man wants to gain 
a good opinion of his fellow 
men, he ought to do what 
I am doing: pester them 
with letters” 

  To John Jenner Weir, 6 March 1868 . 

In 60 years of letter-writing, 

Darwin badgered nearly 2000 

people into exchanging more 

than 15,000 letters with him, many 

providing detailed observations of 

plants, animals and people from all 

over the world. His correspondents 

discussed both his ideas and theirs, 

helping to shape his published 

works. Today the letters are a 

window not only into Darwin’s life 

and mind, but also into the lives of 

these, often otherwise unknown, 

collaborators.  Alison Pearn

Shelley Innes and Alison Pearn 

are editors with the Darwin 

Correspondence Project. To 

view transcripts of more than 

5000 of Darwin’s letters, visit 

  www.darwinproject.ac.uk 

Back to the beginning

  The Young Charles Darwin by Keith 

Thomson , Yale University Press, 

$28/£18.99 

Reviewed by Rowan Hooper

IT HAS always 
irked me that 
Darwin is known 
by the iconic 
image of him as 
a bearded ancient 
being, when his 
world-changing 

ideas came to him as a virile young 
man. Happily, this book redresses 
the balance.

We see how he was a mediocre 
student, a “slacker” at university 
even though he read voraciously. 
Highly sensitive, introspective 
and obsessive – he made lists 
of everything, and it has   been 
suggested that he had Asperger’s 
syndrome  – he eventually pushed 
an idea to its logical conclusion 
  and changed the world forever . 

Theory on the rocks

  Darwin’s Lost World by Martin Brasier , 

OUP, £16.99/$34.95 

Reviewed by Douglas Palmer

THE seeming lack 
of fossils in 
Precambrian rocks 
was a problem for 
Darwin’s theory of 
evolution: where 
were the ancestors 
of the plethora of 

fossils in the earliest Cambrian 
strata? This is   Brasier’s  engaging 
account of the investigation by 
palaeontologists into whether the 
  Cambrian explosion  was really an 
outburst of life or only of fossils.

persuade us otherwise. His dual 
biography argues that science is 
inextricably bound to modern 
liberal democracy, and hence that 
these two men helped to make the 
modern age. If their lives’ work 
seems unrelated, it is only because 
  the dispute over Darwin’s ideas  is 
ongoing and visible while Lincoln’s 
once-disputed convictions – that 
democracy is a viable long-term 
form of government – have 
become ingrained in us to the 
point of invisibility. 

Gopnik’s breezy book tills no 
new soil, but it blends essay and 
biography so superbly that you 
don’t care. Especially good are his 
reflections on death: thousands 
died in wars waged by Lincoln, 
and the struggle to escape death 
dominates Darwin’s ideas. Yet 
neither’s philosophical views of 
death were much consolation for 
private tragedy. 

Gopnik knows well enough that 
Darwin and Lincoln’s shared birth 
date is a mere accident of history, 
but he comes as close as anyone 
can in convincing you otherwise.

The art of evolution

  On the Origin of Species, 

150th anniversary edition  edited 

by William Bynum, Penguin, £30

EVEN artist   Damien Hirst  joins in 

the Darwin celebrations with his 

cover image Human Skull In Space 

for this special anniversary edition 

of Origin.  Eleanor Harris  
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FEEDBACK

BLAMING Canada geese for 
forcing a US Airways jet to ditch
in the Hudson river seems logical.
They’re big enough to cause
serious damage to any plane that
hits them, and thousands have 
settled around New York City. Sure
enough, when we checked the 
Federal Aviation Administration’s 
National Wildlife Strike Database
at www.planestrikes.notlong.com ,
Canada geese were high on the 
list, with 1266 reports of them 
hitting aircraft between 1990 and 
2008, 103 of which were in New 
York State.

With all three New York City 
airports close to the ocean, gulls 
also seemed likely suspects and, 
yes, over the same period, 
1208 gull strikes were reported 
in New York, out of a total of 
9843 gulls that collided with 
planes across the US. Further 
scrutiny of the list revealed that
other collision victims include

The label on the Roundup weedkiller
purchased by Geoff Palmer warned him: 
“Avoid contact with the environment.”

145 bald eagles and 15 black-capped 
chickadees. An endangered 
whooping crane was hit in 
Wisconsin. We began to think that
nothing that flies is safe. Then
we spotted an entry for turtles.

One can imagine circumstances 
in which turtles could become 
airborne, although not of the 
turtle’s volition. It would,
however, seem quite hard to hit 
a plane with a tossed turtle. Yet
80 turtles suffered this fate,
including 23 in New York State. 
The turtles weren’t alone.
Armadillos are, if anything, even 
less aerodynamic than turtles,
yet planes struck 14 of them in 
Florida, two in Louisiana and one 
in Oklahoma, although Texas
armadillos successfully avoided 
aircraft. In addition, 13 American
alligators hit planes in Florida.

We can report that our mental
picture of airborne armadillos,
alligators and turtles did not 

survive long. We were forced to 
conclude that although the FAA 
doesn’t specify it, these animals
had their collisions with aircraft
on the ground, presumably 
during take-off and landing. 
It was interesting to note, though,
that some terrestrial species seem 
much better at dodging planes 
than others. No one reported 
hitting wolves, bears, sheep or 
goats, but the toll included 811 deer, 
310 coyotes, 146 skunks, 146 foxes, 
33 domestic dogs, 18 domestic 
cats, eight cattle, six moose, five
horses, two river otters, and a 
single unfortunate pig.

BEST correction of the year so far

comes from the UK south coast paper

the Bognor Regis and Chichester

Guardian.

“Don’t eat these!” screamed the 

headline, over a note explaining

that, “in last week’s cookery column 

entitled ‘Have fun with fungi’, we 

inadvertently published this 

photograph of the beautiful but 

deadly poisonous fly agaric

mushroom… Apologies for any 

confusion that may have ensued”.

The correction is particularly

appropriate given the wording of the

original story, which accompanied

a colour picture of fly agaric (Amanita 

muscaria), the classic “witch’s 

mushroom” with its bright red cap

dotted with white spots.

“Have fun with fungi – and lose

weight fast,” encouraged the 

headline, over the news that “new 

research shows that mushrooms

are also an effective diet aid… The

principle is simple: swap meat with

mushrooms for four meals a week, 

and watch the weight slip away… you 

won’t be left hankering after sinful 

snacks later in the day.”

Indeed. Amanita muscaria is a

powerful and toxic hallucinogen that 

can be fatal if taken in large doses.

Eating it in four meals per week will 

very likely leave the diner too spaced 

out, too sick or too dead to consider

any sinful snacks.

THE mother of a friend of Dave
Higginbottom was trying to get 
the hang of her daughter’s 
computer. After a while, she
shouted to her daughter: “What 
do you do when a squiggly red 
line appears under a word?”

“Just right-click,” replied her 
daughter from the next room.

A moment later the mother
replied: “I’ve written ‘click’ but it
makes no difference. I just get the 
word ‘click’ after the word with the
squiggly line.”

FINALLY, don’t forget to send in your 

entries to our competition in honour

of the 200th anniversary of Darwin’s 

birthday. Feedback invites readers

to provide 50 words on the thought-

provoking theme of: “Things you

would never have heard Charles

Darwin say about evolution.” The 

editors will reward what we judge 

the wittiest non-Darwinisms with

the framed original of the beautiful

artwork in   “Uprooting Darwin’s tree”

on page 35 of our 24 January issue,

signed by the artist Yulia Brodskaya. 

You may enter the competition by 

email – with the subject line “Darwin 

competition”, please – or by fax or

post or at www.newscientist.com/

article/dn16399. The competition 

closes on Monday 16 February. The

winning entry and the best runners-

up will be published here on 7 March.

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.
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Do Polar Bears
Get Lonely?

THE LAST WORD

Baffling acoustics

A local concert hall with a capacity 

of about 1000 has complex baffles 

and excellent acoustics, except for 

a few seats to one side near the rear. 

From there, a percussion stroke tails 

off into a little bleat. Why does this 

happen and can it be fixed?

■ In any room, a listener hears 
sound directly from the source, 
followed by many reflections 
from the walls, floor and ceiling. 
The unique pattern of reflections 
at each location determines the 
sound field there. 

In a concert hall with good 
acoustics, the later a reflection 
arrives, the lower its intensity. 
The little bleat that your 
correspondent hears at the rear 
of the concert hall indicates that 
a series of late reflections arrives 
with more intensity than the ones 
preceding them. 

To solve this problem, you must 
determine which room surfaces 
participate in these strong late 
reflections. An acoustical 
consultant would be able to 
identify the surfaces of interest. 
The complex baffles may or may 
not be involved; the problem may 
instead originate with the walls. 
When the surfaces are located, a 
sound diffuser should be applied 
to them. This is a special surface 
treatment designed to spread 
reflected sound energy in all 
directions, reducing the reflection 
intensity in any single direction. 

Of course, a sound absorber 
will also reduce the reflection 
intensity, but would permanently 

remove valuable sound energy 
from the room.
Jonathan Rathsam
Department of Electrical and 
Computer Engineering
Ben-Gurion University of 
the Negev
Beer-Sheva, Israel

■ The questioner may be 
experiencing what   acousticians  
refer to as a flutter echo. 
This occurs usually – but not 
exclusively – between two parallel 
walls and is the result of “trapped” 
sound bouncing back and forth 
between the two surfaces with 
the listener in the middle. Our 
suggestion is based on the 
questioner describing a “little 
bleat”. “Bleat” suggests a regular, 
repeating pattern of sound and 
“little” suggests it is significantly 
weaker than the direct impulse 
sound of the percussion.

We hear the reflection of a 
sound as a separate sound (an 
echo) only if there is sufficient 

delay between the original and 
its reflection for the two to be 
processed as distinct sounds by 
the brain. If not, the two will be 
integrated and we will hear only 
a single sound. For this to be the 
case, the time delay must be larger 
than the integration time of the 
ear (about 50 milliseconds) so we 
surmise that the seating position 
puts the questioner at least 

8.5 metres from one of the 
reflecting surfaces involved. This 
ensures that the round trip to and 
from the reflector takes more 
than 50 milliseconds.

The solution could take one 
of several forms. The first would 
be to change the angle of the 
problem surface to break the 
reflection pattern. The second 
would be to place sound-
absorbing material on the wall 
to suppress reflections, or the 
surface could be reshaped so it 
diffuses and scatters the sound 
instead of contributing to a “bleat”.

Incidentally, coming from New 
Zealand, we are in a pre-eminent 
position for interpreting the sound 
made by our most numerous 
inhabitant – the sheep.
“Acoustics 424” class
School of Architecture and Planning
University of Auckland
New Zealand

THIS WEEK’S 
QUESTIONS

PARTIAL RECALL

Sometimes during a quiz, we 
know that we know the answer 
to a question even though we 
can’t bring it immediately to 
mind. How? 

Here’s an example. Question 
one: what is the capital of France? 
I immediately know that the 
answer is Paris. Question two: 
what is the capital of   Uzbekistan ? 
I immediately know that I do not 
know the answer. Question three: 
what is the capital of Portugal? 
I know that I have the answer in my 
brain, but I can’t quite remember 
it. Then, as the answer is read out 
I agree that it is Lisbon. 

In some cases, for hours 
afterwards I know that I know 
the answer to something but 
can’t recall it. So how is it that 
I can know that I know the answer 
to a question but, despite that, 
still cannot retrieve that piece 
of information?
Alan Rae
London, UK

AIR SPRAY

I wanted to chill a mug of water 
so placed it in the freezer, but then 
forgot about it and it froze solid. 

When I removed the block of ice 
from the mug it contained the 
most amazing thistle-like pattern 
of what seemed like canals of air 
(pictured). None of these canals 
extended to any outside surface. 
What happened?
Brian Barnes
Somerset West, South Africa

Last words past and present, plus questions, at
 www.last-word.com

“Coming from New Zealand, 
we are in a pre-eminent 
position for interpreting 
the sounds made by sheep”
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