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THERE is plenty we don’t know about criminal 
behaviour. Most crime goes unreported so it is 
hard to pick out trends from the data, and 
even reliable sets of statistics can be difficult 
to compare. But there is one thing we do 
know: those with a biological predisposition 
to violent behaviour who are brought up in 
abusive homes are very likely to become 
lifelong criminals (see page 38). 

Antisocial and criminal behaviour tends to 
run in families, but no one was sure whether 
this was due mostly to social-environmental 
factors or biological ones. It turns out both are 
important, but the effect is most dramatic 
when they act together. This has been 
illustrated in   several studies  over the past six 
years which found that male victims of child 
abuse are several times as likely to become 
criminals and abusers themselves if they were 
born with a less-active version of a gene for 
the enzyme monoamine oxidase A (MAO-A), 
which breaks down neurotransmitters crucial 
to the regulation of aggression.

  Researchers  recently made another key 
observation: kids with this “double whammy” 
of predisposition and an unfortunate 
upbringing are likely to show signs of what’s 
to come at a very early age. The risk factors 
for long-term criminality – attention deficit 
hyperactivity disorder, low IQ , language 

difficulties – can be spotted in 
kindergarten. So given what we now know, 
shouldn’t we be doing everything to protect 
the children most at risk?

No one is suggesting testing all boys to see 
which variant of the MAO-A gene they have, 
but what the science is telling us is that we 
should redouble efforts to tackle abusive 
upbringing, and even simple neglect (see 
page 15). This will help any child, but especially 
those whose biology makes them vulnerable. 
Thankfully there is already considerable 
enthusiasm in both the US and the UK for 
converting the latest in behavioural science 
into parenting and social skills: both 
governments have schemes in place to 
improve parenting in families where children 
are at risk of receiving poor care. 

Some people are uncomfortable with the 
idea of early intervention because it implies 
our behaviour becomes “set” as we grow up, 
compromising the idea of free will. That 
view is understandable, but it would be 
negligent to ignore what the studies are 
telling us. Indeed, the cost to society of failing 
to intervene – in terms of criminal damage, 
dealing with offenders and helping victims 
of crime – is bound to be greater than the cost 
of improving parenting. The value to the 
children is immeasurable.  ●

IN THE nuclear industry, memories can be 
distressingly short. In 1976, the   UK Royal 
Commission on Environmental Pollution  
declared that it would be “morally wrong” to 
make a major commitment to nuclear power 
without demonstrating a way of safely 
isolating radioactive waste. Yet the UK is 
about to embark on a programme to build at 
least 10 reactors while still lacking a disposal 
site for the waste that has accumulated over 
the past 50 years. What’s more, spent fuel 
from these reactors will be far more 
radioactive than existing waste and may even 
require a second repository (see page 8).

At the same time, it seems the US is 
planning a new generation of nuclear 
reactors without having fully taken on board 
lessons from the past about safety. In 1979, a 
fault with a valve triggered the worst nuclear 

accident in US history at   Three Mile Island  in 
Pennsylvania. Yet now US power companies 
are planning to submit applications to build 
up to 30 reactors, despite safety fears over the 
fuel they will burn. The   US Nuclear Regulatory 
Commission  is having to rewrite its rules to 
guard against the threat that the new “high 
burn-up” fuel will leave the cladding around 
the fuel rods dangerously brittle.

We should have learned that 
compromising public safety for economic 
gain is a dangerous game. Ploughing ahead 
with a vast reactor-construction programme 
without finding a solution to the waste 
problem and without knowing how to deal 
with the additional risks of high-efficiency 
fuel seems irresponsible. History is full of 
similar compromises that were later regretted, 
if we only care to remember.  ●

Oblivious to the ghosts of a nuclear past

The making of a criminal
Abusive parenting is bad news for any kid but, for some, it’s catastrophic
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News in perspective

Upfront–

A NEW case of human-to-human 
transmission doesn’t prove that 
H5N1 bird flu is learning to spread 
among humans, but it reinforces 
fears that there could be many 
more undiagnosed human 
infections in China. It may 
also point to a potential cure.

Last November, a salesman 
hospitalised in Nanjing, China, 
with fever, diarrhoea and 
pneumonia was given antibiotics 
for suspected bacterial infection, 
but   tested positive for H5N1  
shortly before he died. The next 
day his father fell ill with a nearly 
identical virus, and was given 
plasma from a woman who had 

received an experimental whole-
virus H5N1 vaccine. He recovered 
(The Lancet, DOI: 10.1016/S0140-
6736(08)60493-6). 

The month before, an H5N1 
patient in Shenzhen also 
recovered after receiving plasma 
from someone who had survived 

the infection, suggesting that 
antibodies from such survivors 
are a promising approach to 
treating H5N1, and should be 
investigated further.

However, poultry in Chinese 
markets are required to be 
vaccinated, and the fact that the 
Nanjing salesman had visited a live 
poultry market shortly before he 
fell ill reinforces fears that many 
Chinese could be getting   H5N1 
from vaccinated poultry , which 
carry the virus but remain healthy. 
Like the salesman, such people 
could be misdiagnosed because 
they have not been near sick birds. 

Jeremy Farrar of the University 
of Oxford’s Clinical Research Unit 
in Ho Chi Minh City, Vietnam, says 
scientists should study   family 
clusters of H5N1 to learn what 
allows the virus to infect humans . 
Clusters in   Thailand ,   Indonesia , 
Pakistan and possibly Vietnam 
have involved only genetically 
related people . Generally, the 
virus remains hard to catch – 
none of other 91 people who’d had 
contact with the salesman or his 
father were infected. 

This suggests that “there may 
be a rare genetic predisposition to 
the virus”, Farrer says. 

IF A drug is not tested on a range 
of different people, you cannot be 
sure how widely it will work. 

That’s the warning from a 
300-strong team of researchers 
and medical staff led by the Baylor 
College of Medicine in Houston, 
Texas, which examined the 
origins of clinical trials volunteers 
in the US. They found that ethnic 
minorities and the elderly are 
under-represented, suggesting 
we need to know more about   how 
drugs work in these groups .

For example, while 60 per 

cent of all cancers occur in older 
Americans, only a quarter of 
those taking part in cancer studies 
in 2003 were aged over 65. 

Furthermore, fewer than 1 in 
10 participants in cancer studies 
conducted between 1995 and 1999 
were from ethnic minority groups 
such as African Americans and 
Hispanics, even though they make 
up about 1 in 4 of the population.

Ethnic communities may 
be discouraged from getting 
involved in trials by the complex 
recruitment processes, which 
often involve forms only available 
in English, say the researchers. 

THE UPSIDE OF A CRISIS 
If everyone lost just 4 or 5 kilograms, 
mortality rates would drop dramatically. 
At least that’s one lesson from the 
economic crisis Cuba suffered in the 1990s.

When the Soviet empire began to 
unravel in 1989, Cuba was hit with 
serious food and fuel shortages. From 
1991 to 1995, people were getting only 
about 1800 calories a day and had to walk 
or cycle wherever they needed to go.

The result was an average drop in 
body mass index of 1.5 units, and a 

halving of the obesity rate to just 7 per 
cent. In the years that followed, deaths 
from potentially fatal diseases fell 
dramatically – diabetes by 51 per cent, 
coronary artery disease by 35 per cent and 
stroke by 20 per cent (Canadian Medical 

Association Journal, vol 178, p 1032). 
In countries like Canada and the US, 

where   obesity rates  are around 30 per 
cent, the gains from   population-wide 
weight loss  would be even greater, the 
authors argue. 

RAILING AGAINST BORDER FENCE

“The virus is still hard to catch. 
None of the other 91 people 
in contact were infected” 

The Bush administration is bulldozing 
environmental laws to build a 
controversial fence designed to block 
illegal immigrants from crossing the 
Mexican border. To force through its 
construction, the secretary of homeland 
security, Michael Chertoff, waived 
35 separate environmental protection 
laws last week using provisions of the 
  Real ID Act of 2005 . The act allows him 
to set aside laws that might interfere 
with the construction of physical 
barriers at US borders. 

Segments of fence totalling 
750 kilometres are to be completed 
this year and will pass through many 
sensitive environments. In southern 
Texas the fence will run along flood-
control levees between 100 and 
1500 metres from the Rio Grande, 
creating what critics call a “no-man’s 
land” between fence and river.

This section of the fence will cut 
through rich wildlife reserves, including 
the Santa Ana National Wildlife Refuge in 
Alamo, the Sabal Palm Audubon Center 
and most of the Nature Conservancy’s 
Lennox Foundation Southmost Preserve 
near Brownsville. Other wild areas are 
threatened in New Mexico, Arizona 
and California.

Chertoff has previously issued similar 
waivers when residents and conservation 
groups tried to block fence construction 
in other sensitive areas, including the 
San Pedro Riparian National Conservation 
Area in Arizona.

Opponents are not giving up. 
Defenders of Wildlife called Chertoff’s 
move “a flagrant violation of the 
separation of powers principle that 
frames the US Constitution” and joined 
with the Sierra Club to request a Supreme 
Court review.
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–The current barrier is wildlife friendly–

Bird flu clues One size fits all?
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IS THE “CSI effect”, attributed to 
watching TV crime dramas, giving 
people unrealistic expectations 
of seeing forensic evidence in 
the courtroom?

Not according to Donald 
Shelton, a judge in Ann Arbor, 
Michigan, who says this concern 
of prosecutors is misplaced. 

Together with researchers at 
Eastern Michigan University 
in Ypsilanti, he surveyed more 
than 1000 potential jurors, 
presenting them with 
hypothetical criminal cases.

Viewers of the forensic 
science TV show CSI: Crime Scene 
Investigation did have higher 
expectations. For example, 
80 per cent of them expected 
to see some form of scientific 
evidence in an attempted murder 
case, compared with 72 per cent 
of people who did not watch the 
show. In most cases, however, a 
lack of such evidence did not 
make the CSI group more likely 
to acquit ( National Institute of 
Justice Journal, issue 259, p 1 ).

Shelton argues that the 
public’s increasing technological 
sophistication is leading jurors to 
expect more scientific evidence, 
regardless of whether they are 
fans of CSI. His message to 
prosecutors? Get used to it.

EWES infected with scrapie, the 
sheep equivalent of mad cow 
disease, can transmit the disease 
to lambs through their milk. 
Should we be worried? Does BSE 
spread to calves or even humans 
in cows’ milk? And do mothers 
with variant Creutzfeldt Jakob 
Disease (vCJD), the human 
equivalent of BSE, spread it to 
breastfeeding infants?

“Absolutely not,” says Chris 
Higgins of the UK government’s 

Spongiform Encephalopathy 
Advisory Committee, which 
discussed the scrapie results 
before their publication online 
this week in BMC Veterinary 
Research. Higgins says there is 
plenty of epidemiological and 
analytical evidence that BSE 
doesn’t spread in cows’ milk, 
and no evidence yet that vCJD 
spreads in mothers’ milk. 

However, the new findings 
do help explain how scrapie 
spreads in sheep.

Experiments on lambs 
genetically predisposed to 
developing scrapie provided 
the proof. At the UK Veterinary 
Laboratories Agency in Weybridge, 
Surrey, Timm Konold and his 

“A lack of forensic evidence 
does not make fans of CSI
more likely to acquit” 

“Lambs fed with milk from 
scrapie-infected ewes 
were positive for scrapie” 

AS WELL as causing local 
devastation, a regional nuclear 
war would lead to health 
problems all over the world.

Michael Mills at the University 
of Colorado, Boulder, and 
colleagues calculated the impact 
of 100 Hiroshima-sized bombs – 
comparable to India and 
Pakistan’s combined arsenal – in 
a hypothetical war in south Asia. 
The bombs would deplete up to 
40 per cent of the ozone layer in 
the mid-latitudes and up to 
70 per cent in the high northern 
latitudes . The resulting increase 
in UV radiation would cause a 
tripling of conditions such as skin 
cancer and cataracts worldwide 
(Proceedings of the National 
Academy of Sciences, DOI: 
10.1073/pnas.0710058105).

Mills says the main culprit 
would be up to 5 million tonnes 
of soot from fires, which would 
catalyse the breakdown of ozone. 
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colleagues fed 18 lambs with 
milk from scrapie-infected ewes, 
while 15 controls received 
uncontaminated milk.

Gut tissues from two out of 
three culled “scrapie-fed” lambs 
were positive for scrapie, as were 
biopsies from the rectums of 
the 15 surviving scrapie-fed 
animals. Rectal samples from 
controls were negative, implying 
that milk spread the disease. 
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–Prions for breakfast–

–Poor, but healthy–

60 SECONDS

Gut bug busted

A vaccine tested in more than 15,000 
infants in 10 Latin American countries 
successfully protected them against 
rotaviruses for their first two years 
of life. Only 32 infants fell ill in the 
group vaccinated with Rotarix, 
compared to 161 infants who did 
not receive the vaccine (The Lancet,
vol 371, p 1181). Rotaviruses cause fatal 
gut infections which kill half-a-million 
infants globally every year.

Cut those teenage tubes

Teenagers with TVs in their bedrooms 
become slobbier, according to a survey 
of 780 17-year-olds in US schools. Teens 
with a set in their rooms watched more 
TV than those who didn’t, ate fewer 
vegetables, drank more sugary drinks, 
spent less time exercising and achieved 
worse grades at school, it found 
(Pediatrics, DOI: 10.1542/peds.2007-1546). 

Nowhere to hide

Invasive but secretive aquatic species 
such as the American bullfrog (Rana 

catesbeiana) can now be spotted 
without having to observe them 
directly, by detecting their DNA in 
water samples. Tests successfully 
distinguished ponds in France 
supporting high, low or zero numbers 
of the frogs, according to a report 
in Biology Letters (DOI: 10.1098/
rsbl.2008.0118). 

Quaking in the streets 

One of the biggest dangers for Tokyo 
residents during an earthquake may 
be the crowds. A report from the 
Japanese government’s Central 
Disaster Prevention Panel says a large 
daytime quake would take out public 
transport and send people onto the 
streets en masse, with six people per 
square metre in some areas.

Lift-off for Euro satellite 

Europe’s dream of having its own 
satnav satellite network is a step closer. 
On Monday, the European Commission 
announced it would launch a second 
experimental satellite on 27 April as 
part of the long-delayed Galileo project. 

Science in court!

The scrapie vector

After the war…
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This week–

IT SEEMS like a no-brainer. Make 
uranium burn stronger, hotter 
and longer in nuclear reactors, 
and you’ll need less fuel, and 
there’ll be less waste to deal with 
when it has been exhausted. 

For decades, nuclear 
operators have done just that, 
but emerging safety and waste-
disposal issues are raising 
questions about this approach. 
The latest high-efficiency fuel 
may prove to be unstable in an 
emergency, and so poses a greater 
risk of leakage of radioactive 
material into the environment. 
What’s more, the waste fuel is 
more radioactive, meaning it 
could prove even more difficult 
than existing waste to store in 
underground repositories.

To boost the efficiency of 
their reactors, operators have 
progressively enriched the 
uranium they use as fuel to 
increase its “burn-up” rate. This 

is a measure of the amount of 
electricity extracted from a given 
amount of fuel, and is expressed 
in gigawatt-days per tonne of 
uranium (GWd/tU). The higher the 
burn-up, the longer the fuel rods 
can remain in the reactor. This has 
proved particularly successful in 
the pressurised water and boiling 
water reactors commonly used in 
the US and elsewhere. Since 1970, 
the average burn-up of these 
reactors worldwide has almost 
doubled, to more than 40 GWd/tU 
(see Graph). 

The next generation of nuclear 
plants will bring a further step-
change. Applications for the 
construction of 30 reactors in the 
US and 10 in the UK are expected 
over the next few years, and plans 
for the two designs most likely to 
be built – Westinghouse’s AP1000 
and Areva’s European Pressurised 
Reactor – envisage burn-up rates 
of 60 GWd/tU or more. At these 
rates, uranium fuel rods should 
burn for around a year longer 

than today’s best burn-up fuel.
Such gains may come at a 

price. Last month, at conferences 
in Washington DC and Rockville, 
Maryland, organised by the US 
Nuclear Regulatory Commission 
(NRC), a team led by Michael 
Billone at Argonne National 
Laboratory in Illinois presented 
findings on the behaviour of high 
burn-up fuel. They say that fuels 
with a burn-up above 45 GWd/tU 
cause previously unforeseen 
safety problems, and would break 
existing NRC safety rules unless 
changes are made to the way fuel 
elements are packaged.

The danger would come if 
there were a sudden loss of 
cooling water – as in the accident 
that led to the partial meltdown of 
a reactor core at Three Mile Island, 
Pennsylvania, in 1979. To contain 

the radioactivity in such an event, 
it is crucial that the fuel rods and 
their zirconium alloy cladding 
maintain their integrity as they 
are doused with cold water from 
the emergency cooling system. If 
the cladding has become brittle, 
the rods may split open and leak 
plutonium and other radioactive 
material into the reactor building. 

Even during normal operation, 
cooling water corrodes the surface 
of the cladding by reacting with 
zirconium to form zirconium 
oxide. The NRC’s rules require 
that the corroded layer must not 
amount to more than 17 per cent 
of the thickness of the cladding. 

Billone and colleagues say that 
where high burn-up fuels are 
used, this rule is not stringent 
enough. When they put different 
types of cladding used for fuel 
with a burn-up above 45 GWd/tU 
through a series of tests designed 
to simulate a loss-of-coolant 
incident, they found they all 
became brittle before oxidation 
had reached the 17 per cent limit. 

They attribute this enhanced 
brittleness to the increased 

amounts of hydrogen released by 
high burn-up fuels during normal 
reactor operation. The gas is 
gradually absorbed into the 
cladding, where it increases the 
solubility of oxygen. Between 
650 °C and 1200 °C,  this can 
trigger “breakaway oxidation” 
of zirconium, making it rapidly 
more brittle in an emergency. 
Fuels operating at 60 GWd/tU 
would produce around 40 per 
cent more hydrogen than existing 
high burn-up fuels. 

Edwin Lyman of the Union of 
Concerned Scientists (UCS) in 
Washington DC warns that the 
problems need to be solved long 
before the new reactors are 
switched on. “One can encounter 

Nuclear super-fuel 
too hot to handle

“The danger would come if 
there were a sudden loss of 
cooling water, as in the 1979 
accident at Three Mile Island”

This week–
International news and exclusives

The energy we can get from uranium is set to rocket, 
but safety fears and waste disposal problems loom

ROB EDWARDS
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unpleasant surprises even when 
dealing with materials and 
processes that are believed to be 
well-understood,” he says. 

The Electric Power Research 
Institute, which represents US 
electricity producers, insists there 
is no imminent safety issue, and 
that modern reactors are operated 
in a way that ensures there will 
never be a catastrophic loss of 
coolant. Reactor materials expert 
Arthur Motta at Pennsylvania 
State University in University Park 
says it should be possible to solve 
the problems raised by Billone 
with new alloy types. “We should 
be able to safely increase burn-up.” 

Despite these reassurances, the 
NRC, which commissioned the 

Argonne research, has launched 
a three-year consultation with a 
view to tightening up the rules. 
“We are actively preparing to 
revise NRC’s safety criteria to 
account for the burn-up effect,” 

Ralph Meyer of the NRC told 
New Scientist. “Interim measures 
have already been taken.”

Questions also surround 
how the waste created by high 
burn-up fuel will be disposed of. 
Irradiating uranium for longer in 

a reactor makes it much more 
radioactive, and decay of this 
extra radioactivity generates 
correspondingly more heat when 
waste fuel is stored after being 
removed from the reactor. 
According to Nirex, which until 
2006 was responsible for dealing 
with the UK’s nuclear waste, fuel 
with a burn-up of 55 GWd/tU 
irradiated in a pressurised water 
reactor would be around 50 per 
cent more radioactive than low 
burn-up fuel of 33 GWd/tU 
throughout the time it needs to 
be stored. 

To ensure that the build-up of 
heat is kept within safe limits, 
spent elements of the higher 
burn-up fuel will have to be stored 

In this section

● Has a previous universe left its mark? page 10

● Irritable bowel syndrome explained, page 13

● How smogs form in coastal cities, page 14 
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further apart. Failure to allow for 
this would lead to a build-up of 
heat that could cause fractures in 
the containers in an underground 
storage site or in the surrounding 
rock, and so increase the risk of a 
leak. Though the increased 
efficiency of high burn-up fuel 
means there would be less of it, 
more storage space will still be 
required overall.

In the UK, this may mean that 
the government will need to find 
two underground repositories, 
instead of the one now envisaged, 
says Hugh Richards of the Nuclear 
Consultation Working Group, a 
group of activists and academics 
opposed to nuclear power. This 
week, Richards published a report 
on high-burn fuels containing 
estimates from the UK Nuclear 
Decommissioning Authority 
(NDA) of the waste radioactivity 
that will be generated by the 
10 planned AP1000 reactors. The 
figures, obtained under freedom 
of information laws, show that 
the peak level of radioactivity of 
the combined waste from the 
10 new reactors, which is expected 
to occur in 2080, will be twice that 
of the peak level of radioactivity 
from all the UK’s existing reactor 
waste – expected in 2020.

The NDA accepts that the 
enhanced radioactivity of new 
reactor waste could require 
“increased spacing” in a 
repository, but it disputes the 
need for fundamental design 
changes. The disposal of waste 
is being addressed by the design 
assessments of new reactors 
currently being conducted by 
regulators, the NDA says. 

Marion Hill, a radioactive waste 
consultant and member of the UK 
government’s Committee on 
Radioactive Waste Management 
(CoRWM), says it is too early to 
know whether this will pose a big 
problem for the NDA. However, 
Pete Wilkinson, a nuclear 
consultant who was formerly a 
member of CoRWM, is already 
predicting some problems. “It will 
push up the size and costs of any 
waste repository and presents yet 
more technical uncertainties and 
ethical imponderables,” he says.  ●

“Build-up of heat from the 
extra radioactivity could cause 
fractures in the containers in 
an underground waste dump”
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This week–

WHAT happened before our 
universe began? According to two 
theoretical physicists, if there was 
a universe before ours then it 
should have been remarkably 
similar to this one, with the same 
basic ingredients and properties. 
It may even be possible to see a 
faint picture of our parent 
universe imprinted on the sky.

Questions about a time before 
the big bang were once thought to 
be meaningless, because according 
to Einstein’s general theory of 
relativity, the universe began 
at a singularity – a mathematical 
point with infinite density at 
which all calculations break down. 

However, physicists now believe
that the theory of relativity is 
limited and the effects of quantum 
mechanics would have blurred 
out the singularity just a little, so 
at a crucial moment the density 
of matter and radiation was not 
infinite. If this was the case, it 
becomes possible to try to work 

out what led up to that moment.
In cosmological models based 

on a theory called loop quantum 
gravity, our universe has a parent. 
Loop quantum gravity attempts 
to meld relativity with quantum 
mechanics by describing space-
time as a constantly rearranging 
fabric of interconnections. 
On the smallest scales, around 
10-35 metres, that fabric is a 
tangled mess, but on much larger 
scales the space and time of our 
universe look smooth. 

The theory predicts that when 
this fabric is scrunched up, it 
becomes bouncy. So if the universe 
before ours was contracting, it 
would have reached a point of 
maximum density and then 
bounced out again in our big bang. 

So what would this predecessor 
have been like? To find out, 
Parampreet Singh of the Perimeter 
Institute for Theoretical Physics 
in Waterloo, Ontario, Canada, and 
Alejandro Corichi of the National 
Autonomous University of 
Mexico, Morelia, applied the 
equations of loop quantum 
gravity to a highly simplified 
model of the universe. They 
found that the properties of 
space, such as the quantity of 
matter and energy it contains, 
hardly change when the universe 
goes through the big bounce. “For 
the simple model considered, the 
universe is almost exactly the 
same on other side,” says Singh.

It raises the possibility that 
we could see an imprint of the 
universe before ours. Singh 
suggests that the seeds of large-
scale structures in our universe, 
such as superclusters of galaxies, 
would have been present on the 
pre-big-bang side. The pattern 
of those seeds might be preserved 
in the cosmic microwave 
background radiation – the relic 
radiation left behind by the big 
bang. “If this conclusion holds 
true, then it is possible that we 
are going to see signatures of the 
pre-big-bang universe,” says Singh. 

A pioneer of loop quantum 
gravity, Carlo Rovelli at the 
Centre for Theoretical Physics 
in Marseille, France, likes the 
work. “It is quite remarkable that 
we can begin to address these 
questions and find the first 
tentative answers,” he says. 

But the calculation doesn’t 
convince Martin Bojowald, 
another loop quantum gravity 
theorist, based at Pennsylvania 
State University in University 
Park. He disagrees with their 
interpretation of the mathematics 
and also points out that loop 
models so far are still very simple. 

Bojowald thinks that   the 
universe before the big bang  
could have been a very different 
place, perhaps without even the 
familiar smooth, classical space-
time of our world.

  Corichi and Singh’s paper  
will appear in Physical Review 
Letters. Stephen Battersby ●

What the universe 

before ours was like

SOUNDBITES

‹ My colleagues thought 
I was a bit of an idiot.›
Physicist Peter Higgs describes the 
initial reaction in the 1960s to his theory 
of how subatomic particles acquire 
mass, involving the still-undetected 
Higgs boson. He hopes the particle will 
be discovered soon by the Large Hadron 
Collider at CERN, the particle physics 
laboratory near Geneva, Switzerland 
(Associated Press, 7 April) 

‹ No one thought to open 
them up – there was no real 
reason to believe that they 
could be lungless. If you have 
just one specimen in your 
museum, you don’t want to 
rip it up.›
David Bickford of the National 
University of Singapore, who discovered 
a frog in Borneo, Indonesia, that 
breathes through its skin. The frogs 
are threatened by illegal gold mining 
(Yahoo News, 7 April)

‹ She feeds through one 
mouth and sucks her thumb 
with the other. She’s just 
a baby.›
Vinod Kumar, father of a girl born with 
two faces in Noida, northern India, last 
month (The Guardian, London, 8 April)

‹ If consumers receive 
shock phone bills, the service 
will not take off.›
As the European Union approves the 
use of mobile phones in planes flying 
above 3000 metres, EU telecoms 
commissioner Viviane Reding warns 
phone companies not to be greedy 
(BBC News online, 7 April)

‹ You have a need in an 
evolutionary sense for both 
money and women.›
Camelia Kuhnen, a finance researcher 
and neuroeconomist at Northwestern 
University in Evanston, Illinois, on her 
study showing that whether men look 
at erotic pictures or take financial risks, 
the same part of the brain lights up 
(Yahoo News, 5 April)
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“Seeds of structures in our 
universe, such as superclusters 
of galaxies, would have been 
there on the pre-big-bang side”
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THOSE developing advanced 
therapies based on neurons 
grown from stem cells face a 
perplexing new question: can 
cells transplanted into the brains 
of people with Parkinson’s disease 
acquire the disorder from the 
surrounding tissue? 

The possibility is raised by 
post-mortems of patients who 
received grafts of brain tissue from 
aborted fetuses during the 1990s. 
These grafts provided a fresh 
supply of cells that release the 
neurotransmitter dopamine, to 
replace those which die off in 
patients with Parkinson’s. Two 
teams claim that some of the cells 
in the grafts are now themselves 
showing signs of the disease 
(Nature Medicine, DOI: 10.1038/
nm1746 and 10.1038/nm1747). 

The diseased cells contain 
structures called Lewy bodies, 

accumulations of a protein 
called alpha-synuclein that are 
a hallmark of Parkinson’s. This 
is surprising, as conventional 
wisdom suggests that the grafted 
cells, still only 11 to 16 years old, 
are too young to be affected in 
this way. “We never see any 
alpha-synuclein until 40 years 
of age,” says Jeffrey Kordower 
of Rush University Medical 
Center in Chicago.

Kordower and his colleagues 
studied a woman who died 
14 years after receiving grafts 
of fetal brain tissue. The second 
team, led by Patrik Brundin of 
the Wallenberg Neuroscience 
Center in Lund, Sweden, found 
Lewy bodies in grafted neurons 
from two patients, each of whom 
received two grafts between 
11 and 16 years before their deaths. 
The vast majority of the grafted 
neurons in all three patients 
were free of Lewy bodies, which 

suggests that grafts may still offer 
some benefit even if they start to 
become affected by the disease. 

Yet why the grafted neurons 
are showing signs of Parkinson’s 
is unclear. One theory is that the 
disease was transferred from 
the patients’ own brain tissue – 
perhaps by an abnormal form 
of the alpha-synuclein protein, 
in a process similar to that which 
produces  the deformed prion 
proteins implicated in mad 
cow disease. Another is that an 

inflammatory immune reaction 
may have stressed the cells.

Adding to the mystery, a third 
team, led by Ole Isacson of the 
McLean Hospital in Belmont, 
Massachusetts, studied three other 
people and found no Lewy bodies 
in their grafts  (Nature Medicine,
DOI: 10.1038/nm1752). Brundin 
points out that two of Isacson’s 
patients had received their grafts 
nine years before their deaths, 
suggesting that the problem takes 

longer than that to emerge. But 
Isacson suspects the differences 
may reflect variations in the extent 
to which the patients’ grafts 
triggered an inflammatory reaction. 

Inflammation may be   
inherent to Parkinson’s disease. 
But if a person’s immune system 
is involved in the new-found 
problems with grafted tissue, 
this strengthens the argument 
for developing “personalised” 
therapies, in which neurons are 
grown from a patient’s own cells 
and so should be less likely to 
provoke an immune reaction.

That prospect brightened this 
week, with the announcement 
from a team led by Rudolf Jaenisch 
 of the Whitehead Institute for 
Biomedical Research in Cambridge, 
Massachusetts, that dopamine-
producing neurons grown from 
  genetically “reprogrammed” 
mouse skin cells  can ease 
Parkinson’s-like symptoms in rats 
(Proceedings of the National 
Academy of Sciences, DOI: 10.1073/
pnas.0801677105). This means it 
should, in theory, be possible to 
take skin cells from a person with 
Parkinson’s, reprogram them 
to an embryonic stem cell-like 
state, and then grow replacement 
neurons that would match that 
person’s own brain tissue. 

Jaenisch’s study comes hard 
on the heels of experiments in 
which mice with a Parkinson’s-
like condition were   successfully 
treated using genetically matched 
neurons created by cloning , rather 
than genetic reprogramming 
(New Scientist, 29 March, p 6). 
However, no one has yet succeeded 
in making human embryonic 
stem cells by cloning , and even 
if it turned out to be technically 
feasible, cloning requires large 
numbers of human eggs, which 
are in short supply. “Obtaining 
eggs is a pretty hopeless thing, 
in my opinion,” says Jaenisch.

The genetic reprogramming 
technique does work with human 
cells. But before it could be used 
in people, researchers will need 
to achieve reprogramming 
without leaving behind copies 
of the genes involved, which can 
trigger cancer.  ●

Can cell grafts ‘catch’ 
Parkinson’s disease?
PETER ALDHOUS

“Why the grafted neurons are 
showing signs of Parkinson’s 
is unclear. One theory is that 
inflammation may be to blame”

-A new hurdle--
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This week–

CAN unusual clouds signal the 
possibility of an impending 
earthquake? That’s the question 
being asked following the discovery 
of distinctive cloud formations above 
an active fault in Iran before each of 
two large earthquakes occurred.

Geophysicists Guangmeng Guo 
and Bin Wang of Nanyang Normal 
University in Henan, China, noticed a 
gap in the clouds in satellite images 
from December 2004 that precisely 
matched the location of the main 
fault in southern Iran. It stretched for 
hundreds of kilometres, was visible 
for several hours and remained in the 

same place, although the clouds 
around it were moving. At the same 
time, thermal images of the ground 
showed that the temperature was 
higher along the fault. Sixty-nine 
days later, on 22 February 2005, an 
earthquake of magnitude 6.4 hit the 
area, killing more than 600 people.

In December 2005, a similar 
formation again appeared in the 
clouds for a few hours. Sixty-four 
days later, an earthquake of 
magnitude 6 shook the region 
(International Journal of Remote 

Sensing, vol 29, p 1921 ).
Guo and Wang suggest that an 

eruption of hot gases from inside the 
fault could have caused water in the 

clouds to evaporate. Another idea is 
that ionisation may be involved: 
Friedemann Freund at the NASA Ames 
Research Center in Moffett Field, 
California, recently demonstrated that 
when rocks are squeezed, positively 
charged ions form in the air above. 
The trouble is that ions usually help 
to form clouds, not dissipate them. 

The authors say that if recognisable

cloud formations precede large 
quakes, they could be used for 
prediction, but other seismologists 
are sceptical. “There is no physical 
model that explains why something 
would suddenly occur two months 
before an earthquake, and then shut 
off and not occur again,” says Mike 
Blanpied of the   US Geological Survey’s 
Earthquake Hazards Program .  ●

Curious clouds 
linked to quakes
LYNN DICKS
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IRRITABLE bowel syndrome, 
with its symptoms of intense 
contractions of the colon and 
hypersensitivity to painful 
stimuli, was once thought to be a 
psychosomatic condition. Now its 
biological origins are becoming 
clearer, and the finger of suspicion 
is pointing at digestive enzymes 
that have also been linked to 
another condition called 
inflammatory bowel disease.

Nathalie Vergnolle at the 
University of Calgary in Alberta, 
Canada, and her colleagues 
extracted fluid from colonic 
tissue taken from 18 people with 
IBS and injected it into the large 
intestines and paws of mice. The 

fluid stimulated nerve cells 
in the animals’ guts and paws, 
reproducing the symptoms of IBS. 
Fluid from healthy people did not 
provoke these reactions.

They also found that in the 
fluid from IBS patients, the 
activity of enzymes called serine 
proteases was double that of fluid 
from the healthy group. These 
enzymes break down the peptide 
bonds in proteins, helping to 
digest food or protect us from 

infection. They are produced by 
the body, but also by bacteria and 
protozoa in the gut.

IBS patients are often classified 
according to whether they 
experience diarrhoea, constipation 
or both, but Vergnolle found 
the same high levels of protease 
activity across the entire IBS 
group. “For the first time, the 
same mediator was found in all 
IBS patients,” she says. “That was 
a surprise to us.” Another surprise 
was that raised protease activity 
was also found in people with 
inflammatory bowel disease 
(IBD)  – a more serious condition 
that can require surgery (Journal 
of Clinical Investigation, DOI: 
10.1172/JCI29255).

Serine proteases activate a 
receptor called PAR2, which is 
found throughout the body on 
nerve cells, epithelial cells and 
smooth muscle cells. If these cells 
are being overstimulated in IBS 

patients, it may explain why they 
complain of widespread pain and 
hypersensitivity as well as 
abdominal symptoms.

Determining the source of 
the protease activity could one 
day lead to better treatments. 
“Important questions remain, 
including the exact molecular 
identity of the protease , where it 
comes from, and how it gets to be 
released at higher levels,” says 
Lars Eckmann at the University 
of California, San Diego. 

Previous studies have linked 
high numbers of mycobacteria 
in the   gut flora  to IBD, and a 
protozoon-like organism called 
Blastocystis to IBS. It is not clear, 
however, whether these 
organisms are a cause of the 
symptoms or an incidental effect. 
A protease inhibitor has already 
been trialled in Japan as a 
treatment for IBD, with promising 
results .  Ken Boroom ●

“It may explain why people with 
IBS complain of widespread 
pain and hypersensitivity rather 
than just abdominal symptoms”
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Getting to the bottom 
of irritable bowels



This week–

IF YOU do like to be beside the 
seaside, it might be best to avoid 
beaches near major ports. The mix 
of sea salt, ship fumes and city 
smoke leads to a chemical reaction 
that encourages the formation of 
ozone smog, adding to the 
pollution that forms in cities. 

James Roberts from the 
National Oceanic and Atmospheric
Administration Earth System 
Research Laboratory in Boulder, 
Colorado, and his colleagues have 
developed a mass spectrometer 
that can detect nitryl chloride 
(NO2Cl) – a chemical that aids 

the formation of ozone. 
Nitryl chloride is created when 

nitrogen oxides, which are present 
in ship exhausts and city smoke, 
mix with chloride-containing 
aerosol particles, such as spray 
from the sea. Until recently there 
was no way of measuring nitryl 
chloride, so nobody knew how 
much was floating around. 

Cruising along the southern 
coast of the US, Roberts’s team 
recorded unexpectedly high 
levels of nitryl chloride near 
Houston and Miami (Nature 

Geoscience, DOI: 10.1038/
ngeo177). “We saw nitryl chloride 
levels over a part per billion on 

several occasions, more than 
20 times greater than previous 
estimates,” says Roberts.

During the day, sunlight 
breaks down the nitryl chloride 
into nitrogen dioxide and 
highly reactive chlorine atoms, 
which are known to encourage 
ozone to form. 

Ozone in the lower atmosphere 
is a major pollutant. It is a cause 
of respiratory problems and 
may increase mortality rates. 
The finding provides yet another 
mechanism for the rise in 
pollution around cities. 

Roberts suggests that areas 
most at risk include southern 
California, the eastern seaboard 
of the US and large parts of 

southern Asia, but as yet it is 
hard to judge how widespread 
this form of pollution is. 

“It is possible that the overall 
importance of nitryl chloride is 
limited to heavily polluted 
conditions relatively close to major
nitrogen oxide sources such as 
those investigated in this study,” 
says Bill Keene, an atmospheric 
scientist at the University of 
Virginia in Charlottesville. 

“Such chemistry could occur 
in any urban coastal regions, 
potentially leading to a globally 
significant effect,” says Lucy 
Carpenter, an atmospheric chemist
at the University of York, UK.

Even if the problem is largely 
confined to industrial ports, 
that doesn’t mean it should be 
ignored. “These results reinforce 
the need to control nitrogen oxide 
emissions,” says Alex Pszenny 
from the University of New 
Hampshire in Durham.  �

Ozone smog spoils 
bracing seaside air 

“Around Houston and Miami 
we saw levels of nitryl chloride 
more than 20 times greater 
than previous estimates”

KATE RAVILIOUS
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FAILING to care properly for a 
young child can be as damaging 
as physically or sexually abusing 
them, when it comes triggering 
aggression in later childhood.

Past studies have hinted that 
early   neglect  may contribute to 
aggression later on, but it has 
been difficult to disentangle this 
effect from that of physical or 
sexual abuse. To do so, Howard 
Dubowitz at the University of 

Maryland School of Medicine 
in Baltimore and his colleagues 
studied 1318 children from birth 
to age 8. Records from the child 
protection service were taken to 
indicate how children had been 
treated during their first two 
years. Aggressiveness at ages 
4, 6 and 8 was established through 
face-to-face interviews with the 
child’s caregiver.

Children are said to suffer 

neglect if a caregiver fails to 
provide for a their basic needs, 
such as food and shelter or 
emotional support, or if they 
are left unsupervised or in the 
care of an inappropriate guardian. 
The researchers found that 
this was just as important a 
contributing factor to later 
aggression as   other forms 
of maltreatment  (Pediatrics,
DOI: 10.1542/peds.2006-3622). 
It is also far more common than 
other forms of abuse, accounting 
for two-thirds of all cases. 

The hidden harm of poor childcare

FOSSILISED faeces from a cave in 
Oregon have turned out to be the 
oldest firmly dated evidence yet 
of humans in North America. The 
sample contains DNA linked to 
early Native Americans of east-
Asian ancestry, supporting the idea
that people from this area were 
the first to reach North America. 

Carbon dating puts the age 
of the fossils, or coprolites, at 
14,300 years, suggesting that 
humans reached the Americas 
some 1200 years before the famous 
  Clovis culture , which spread 
across North America between 
13,100 and 12,900 years ago. 

Archaeologists have sought 
pre-Clovis cultures for decades, 
and only recently accepted 
evidence from stone-tool finds 
that people were living in Chile 
at least 14,600 years ago.

Faeces IDs early 
North Americans

A WARMER world could be a more 
explosive one. Melting ice caps are 
causing more magma, raising the 
risk of volcanic eruptions.

Carolina Pagli of the University 
of Leeds, UK, and Freysteinn 
Sigmundsson of the University 
of Iceland in Reykjavik calculated 
how shrinkage of the Icelandic ice 
cap Vatnajökull affects what is 
happening below ground.

The thawing is reducing the 
pressure on the rocks under the 
ice sheet, which lowers the 
magma’s melting point, Pagli says. 
Between 1880 and 1990, 10 per 
cent more magma was produced 
there than the average per century 
during the previous 900 years 
(Geophysical Research Letters, DOI: 
10.1029/2008GL033510).

The extra magma could lead 
to eruptions on average every 
30 years. Though geologists are 
unsure what the eruption rate 
was in the past, volcanic activity 
will almost certainly have 
increased, says Pagli. 

Volcanic boom

  LOSING your sense of smell  is a frightening prospect, and 
there have been few treatments for the condition. Now it 
seems a long-established asthma drug could help. 

 Robert Henkin and colleagues at the Center for 
Molecular Nutrition and Sensory Disorders in Washington 
DC studied 369 people, 314 of whom had “hyposmia” – a 
reduced ability to detect and recognise odours. Henkin had 
previously shown that levels of two proteins in the nasal 
lining, called cAMP and cGMP, are low in people with 
hyposmia. So for between two and six months he gave 

his subjects various doses of theophylline, a drug used 
to treat asthma that is known to inhibit the breakdown 
of cAMP and cGMP. 

At the end of the treatment, 70 per cent of the people 
with hyposmia had an improved sense of smell, according 
to standard tests. Only 47 per cent reported noticing a 
difference, however. “They wanted to become completely 
normal,” says Henkin, who presented the results at a 
meeting of the American Physiological Society in San Diego 
this week. The improvements disappeared when people 
stopped taking the drug. 

Hyposmia affects around 20 million people in the 
US alone. It can be triggered by allergies, viral infections 
and head injuries. 

Whiff of hope for people with 
a damaged sense of smell
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BACTERIA that are not merely 
resistant to antibiotics, but feed 
on them are widespread in soil, 
say researchers who have 
discovered them by chance.

A team of microbiologists led 
by George Church of Harvard 
University were hunting for soil 
bacteria that can turn plant waste 
into biofuels. They grew soil 
samples in pure antibiotics as a 
control and found instead that 
there were hundreds of species 
that thrived on various types of 
antibiotics. “We expected not to 
find a lot of bacteria that could eat 
antibiotics for breakfast,” Church 
says. “We were kind of surprised” 
(Science, DOI: 10.1126/
science.1155157).

Antibiotic-resistant bacteria, 
such as MRSA, can grow despite 
the presence of the drug they are 
resistant to. In contrast, the soil-
based “ultra-bugs” can not only 
resist many antibiotics, they can 
subsist on a diet of them, 
including modern-day “silver 
bullets” such as ciprofloxacin. 

The discovery is worrying 
because, although none of the 
bacteria  cause human disease, it 
shows there is a large reservoir of 
mechanisms by which pathogenic 
bacteria could develop resistance . 

Ultra-bugs thrive 
on antibiotics

PEOPLE with type 1 diabetes 
need insulin, and one way of 
providing it would be   to 
transplant the cells that produce 
it from newly born pigs . 

In a trial of the technique 
in Moscow, Russia, involving 
four people with diabetes, one 
recipient was able to suspend her 
insulin injections for five months, 
and reduce her dose to less than 
20 per cent of previous levels 
when they resumed. Another 
patient reduced his dose by 
40 per cent over six months. 

“These remarkable clinical 

outcomes have exceeded our 
expectations,” says Bob Elliott of 
Living Cell Technologies in 
Auckland, New Zealand, who 
announced the results at a 
congress of the International 
Diabetes Federation in Wellington, 
New Zealand, on 31 March. 
However, the treatment failed in a 
third patient, while the fourth has 
only just received her transplant.

Transplants of pancreatic cells 
from pigs have huge potential, as 
supplies are practically limitless. 
They are controversial because of 
fears that dormant pig   viruses in 

the cells might cause disease .
Elliott says no pig viruses have 

been detected in the patients, who 
received a single injection of pig 
cells into their abdomens. One 
woman received a top-up 
injection of cells after six months. 

The cells are coated with an 
alginate gel, derived from seaweed, 
which allows nutrients to reach 
them and insulin to diffuse out, 
but otherwise hides them from 
the body’s immune system. This 
means patients do not need 
immunosuppressive drugs to 
prevent rejection of the transplant. 

Pig-cell injections provide relief from diabetes

AMONG the more bizarre incidents 
that can occur in baseball is when a 
practised fielder struggles to catch an 
apparently simple “pop-up” – a ball 
that flies almost vertically off the 
bat. Now a picture of how the ball 
travels through the air explains why 
it can be so tricky.

By modelling forces such as the 
strike of the bat and air resistance, 
a team led by Alan Nathan at the 
University of Illinois, Urbana-
Champaign, and Terry Bahill at 
the University of Arizona, Tucson, 
calculated the various trajectories 
that a pop-up can take. 

A normally struck baseball follows 
a parabolic path. But a pop-up’s path 
is influenced by the huge backspin it 
acquires by hitting the top of the bat. 
This generates a rotating sheath of air 
around the ball, which makes its 
trajectory curve.

In the worst case for the fielder, 
a backspinning ball begins by flying 
forwards at a steep angle, before the 
backspin forces its path to vertical, 
and then eventually sends it looping 
back on itself. Once it reaches its apex 
and begins to drop, the spin will 
cause the ball to cross back over its 
upward path. 

When the team ran a computer 
simulation of how a fielder would 
react to such an unexpected 
trajectory, they found it matched the 
to-and-fro dance that players tend to 
make when faced with such a tricky 
catch.   The research will appear in the 
American Journal of Physics.

Why pop-ups are 
hard to catch

THE San Andreas fault in California is 
not solely to blame for its destructive 
earthquakes. In fact, its cousin to the 
north may be the ringleader.

Chris Goldfinger and colleagues 
at Oregon State University, Corvallis, 
analysed sediments from nearby 
deep-sea canyons stretching back over 
3000 years, looking for the disturbed 
layers that reveal big earthquakes.

They found evidence of 15 quakes 
along the San Andreas fault that were 
similar in power to the 1906 event 
that nearly destroyed San Francisco. 
These events were usually preceded 
by quakes at the Cascadia subduction 

zone, which runs from northern 
California to Vancouver Island: 13 of 
the San Andreas tremors – though not 
the 1906 event – followed major 
Cascadia quakes, with a lag of anything
from a few months to 50 years 
(Bulletin of the Seismological Society 
of America, DOI: 10.1785/0120060411).

“This could just be a coincidence,” 
says Goldfinger, “but coincidences like 
this are hard to swallow.” The stresses 
relieved by quakes along Cascadia are 
likely transferred to the San Andreas, 
causing the fault to slip soon after. 

Goldfinger estimates that Cascadia 
has a major quake every 220 years or 
so. The last time the region rumbled 
was in 1700, when a monster quake 
of magnitude 9.0 sent a tsunami 
crashing into the shores of Japan.

Early warning for 
San Andreas quakes
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Comment and analysis–

DONALD RUMSFELD, the former US 
Secretary of Defense, liked to distinguish 
between “known unknowns” and 
“unknown unknowns”, and for this   
he was widely ridiculed . But Rumsfeld 
had a point. We all know, for instance, 
that global warming is harming cold-
adapted species on mountain tops, 
even if we can’t predict the ultimate 
magnitude of the damage. Yet the 
really alarming changes are those that 
come completely out of the blue – the 
unknown unknowns that we never 
even imagined. 

Consider the explosion of logging 
in central Africa. That the loggers are 
seriously impacting the forests is hardly 
a surprise, but no one ever suspected 
that   logging would threaten sea 
turtles  – a finding my colleagues and I 
stumbled over while working in Gabon 
(Oryx, vol 42, p 246). There, many 
thousands of logs are lost as they are 
being transported downriver to timber 
yards. The logs float out to sea, but later 
many of them wash ashore on beaches 
used by nesting sea turtles, especially 
the critically endangered leatherback 
turtle. The logs can cause turtles to 
abandon their nesting attempt or to 
nest too close to the waterline, where 
their eggs are killed by seawater. 

Another startling conclusion comes 
from Justin Brashares, formerly at 
the University of Cambridge, and his 
colleagues. They showed that 
  overfishing by European trawlers is 
harming African terrestrial wildlife  
(Science, vol 306, p 1180). The trawlers 
are depleting fish stocks in the Gulf of 
Guinea, which in turn is forcing coastal 
communities that formerly relied on 
fishing to hunt more intensively 
inland. For more than 40 species of 
wildlife, numbers have plummeted. No 
one had foreseen connections like this.

Biofuels are also infested with 
unknown unknowns. In the face of 
escalating oil prices and energy 
insecurity, many countries are 
promoting domestic biofuel 
industries – sometimes with utterly 
unexpected consequences. Who would 

have predicted, for example, that US 
corn subsidies for biofuel would trigger 
forest destruction in the Amazon? But 
as I recently argued, the subsidies are 
prompting many US farmers to shift 
from growing soya to corn (Science,
vol 318, p 1721). This is helping to drive 
up global soya prices, which in turn is 
amplifying economic incentives to 
destroy Amazonian forests and tropical 
savannahs for soya production. In the 
last six months, forest destruction and 
fires have spiked alarmingly. 

The perils of trying to make linear 
decisions in a non-linear world are 
perhaps best illustrated by ecological 
thresholds, also known as tipping 
points. These occur when a stressed 
system suddenly goes haywire, with no 
warning. Take Florida Bay, the 
triangular stretch of water largely 
enclosed by the south coast of the 
mainland and the Florida Keys. In the 
early 1990s it changed abruptly from a 
clear-water system that supported 
seagrasses and manatees to a murky 
dead zone overwhelmed by plankton 
blooms. Nobody saw this coming 

because nothing much had changed: 
the bay had received a steady stream 
of pollution from septic systems with 
little apparent effect, until one day it 
hit a critical threshold that turned 
everything upside down.

We should all be scared of tipping 
points. Many fear, for instance, that the 
Amazon could soon hit one. Amazonian 
forests help to generate their own 
rainfall, because the dense vegetation 
quickly recycles moisture and returns 
it to the atmosphere. As deforestation 
proceeds, however, less water vapour is 
recycled, so clouds and rainfall decrease. 
No one knows how far the Amazon can 
be pushed before it collapses in a rage 
of droughts and forest fires.

Of course, the scariest of unknown 
unknowns is global warming. Will the 
Earth behave as a tame, linear system, 
changing in simple, predictable ways as 
the planet gets hotter? Or will non-
linearities toss us a bevy of nasty 
surprises? We just don’t know.

Catastrophes like this may be 
impossible to predict, but we do know 
some of the factors that make them 
more likely. One is increasing economic 
globalisation. I recently argued that 
rising demand for furniture in the US 
and Europe is driving an expansion of 
Chinese furniture manufacturing, 
which in turn is causing a spike in 
illegal logging in developing nations in 
Asia and Africa that export their logs to 
China (Science, vol 319, p 1184). In a 
complex, interconnected world, 
yanking on a string in one location can 
cause painful jolts in far-flung and 
unpredictable places. 

Secondly, we know that unknown 
unknowns are much more likely to 
spring surprises when a system is 
stressed. With our burgeoning 
population and escalating demand 
for food, energy and goods, and 
with seismic changes in the global 
economy we are now stressing our 
planet in countless alarming ways.

We need to prepare for these 
surprises by keeping resources in 
reserve. Most of all, we need to take 
our foot off the accelerator. Otherwise 
we’re embarking on a series of life-
threatening gambles for which we 
don’t even know the odds.  �

  William Laurance  is a biologist with 

the Smithsonian Tropical Research 

Institute in Panama

Expect the unexpected

“The really 
alarming changes 
are those that 
come at us 
completely out 
of the blue”

The planet is being damaged in ways no one imagined, but there are things we 
can do to prepare ourselves even if worse is to come, says William Laurance
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Letters–

Algebra of the universe
From Martin Baker
Two apparently disjoint subjects 
discussed in the same issue – 
quantum uncertainty and the 
Riemann hypothesis – have a 
surprising and important 
mathematical connection. 
Louis de Branges’s purported 
proof of the Riemann hypothesis 
 (  22 March, p 40 ) is certainly 
confusing and flawed, but it is not 
as incoherent as some believe.

Once his paper is tackled 
systematically a valid solution of 
the Riemann hypothesis may 
rapidly emerge: de Branges’s use 
of quaternions is significant, and 
I expect the solution to be based 
on a generalisation of the 
complex number system called a 
geometrised Clifford algebra – for 
which the mathematician David 
Hestenes has coined the term 
“geometric algebra”. Quaternion 
algebra is embedded naturally in 
geometric algebra.

De Branges may not have an 
unequivocal proof of the 
Riemann hypothesis, but he is 
surely not far off. Interestingly, 
Hestenes and others have also 
recast aspects of quantum 
mechanics in the “universal
mathematical language” of 
geometric algebra, providing 
strong geometric insights into 
the Bohmian mechanics that 
underpin Mark Buchanan’s 
article on quantum uncertainty 
(  22 March, p 28 ).

It is surely no coincidence that 
geometric algebra is useful in 
such disparate areas of research. 
It is a staggeringly powerful 
mathematical formalisation that 
may also in due course have a role 
to play in the unification of 
gravitational and quantum 
physics. Although over 40 years 
old and with a reputable 
genealogy rooted in the 19th 
century, geometric algebra is 
currently little more than a 
minority mathematical sport. 
Perhaps it will quickly gain “street 
cred” if it turns out that it is 
implicated in a proof of the 
Riemann hypothesis.
Musselburgh, East Lothian, UK

Time’s up
From Julian Barbour
Amanda Gefter writes, almost 
correctly, that I proposed that 
“time must not exist in a 
quantum theory of the universe” 
(  19 January, p 26 ). Replace “must 
not” with “probably does not” and 
I agree. I think Peter Fyfe is right 
to alert would-be time travellers 
to this possibility (  15 March, p 23 ), 
but I do not deny the existence of 
“any time but the present”.

In my view, all possible 
instants – the present one and 
umpteen others – exist on an 
equal footing, in much the same 
way that mathematicians say the 
integers do. Moreover, if quantum 
mechanics really is universal, 
I think the belief that you did 
actually experience what you call 
past instants commits you to a 
form of many-worlds 
interpretation. I call it the many-
instants interpretation.
South Newington, Oxfordshire, UK

Compulsion will fail 

From Holly Bentley
I am concerned that Rachel Nowak 
did not consider the particular 
difficulties inherent in 
compelling people experiencing 
their first episode of psychosis to 
undergo treatment (  22 March, 
 p 8 ). Since we cannot yet pinpoint 
who will and who will not develop 
schizophrenia, those involved
 in the process of so-called 
involuntary outpatient 
commitment (IOC) would largely 
need to rely, as Nowak says, on “a 
parent or a room-mate” to report 

a first psychotic episode.
The big problem with this is 

that schizophrenia is poorly 
understood among non-
professionals, frequently being 
confused with multiple 
personality disorder. How can 
anyone depend upon people to 
report a disorder when a large 
proportion don’t know what it is?

If IOC is to have any hope of 
reliably reaching its main target 
group, a public education 
campaign would be needed to 
remove the misconception that 
schizophrenia is about having a 
multiple personality, and replace 
it with an understanding of the 
symptoms of schizophrenia. But 
since one explanation for violence 
by first-onset schizophrenics is 
that they haven’t yet learned to 
recognise delusions, it’s possible 
that such a campaign would 
remove the need for IOC, by 
increasing the likelihood of a 
person recognising their own 
symptoms.
Godalming, Surrey, UK

From Mark MacDiarmid
While legislators and the public 
may well be satisfied with the bald 
idea of involuntary outpatient 
treatment for people with serious 
mental health issues, it is 
extremely difficult to structure 
such systems so that they provide 
more than symbolic gratification 
while avoiding clear human rights 
abuses. The majority of people 
with schizophrenia and other 
forms of mental illness do not 
display criminal behaviour; their 
biggest problems are generally 
social, and frequently involve 
issues such as isolation and 
homelessness.

Many people suffering from 
mental illness have had difficult 
experiences with public health 
systems. Combine this with the 
fact that psychiatric medicines 
can have upsetting side effects, 
and it is obvious that the risk of 
non-compliance with compulsory 
treatment orders is significant.

So what are the sanctions? 
Here in New South Wales a non-
compliant patient generally ends 
up back in hospital; any future 

admission will be greeted with 
more coercive, more pre-emptive 
treatment. Legally compelling 
people to undergo treatment 
therefore provides negative 
feedback into the existing 
medical and social problems.

Preventive involuntary 
outpatient commitment orders 
definitely have a place, albeit 
a limited one, but their very 
coerciveness means that for the 
vast majority of mentally ill 
people they represent a risk to 
mental health, not an optimal 
treatment strategy. Implementing 
effective strategies for dealing 
with the medical and social 
aspects of serious mental health 
issues is extremely challenging, 
but my experience tells me that 
interventions that emphasise the 
provision of social support have 
some chance; those relying on 
coercion next to none.
Katoomba, New South Wales, 
Australia

From James F. R. Wright
I am amazed that information 
about recognising mental heath
conditions is not taught in 
schools, as for example 
contraception is.
Westcliff-on-Sea, Essex, UK

Carbon TV 
From Ralph Cobcroft
You describe a way around 
difficulties in downloading very 
large amounts of data to see good-
quality TV pictures on home 
computers (  15 March, p 36 ). But 
for peer-to-peer distribution to 
work, participating computers 
would have to be left on for 
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considerable periods of time, 
possibly all the time. 

This would have a substantial 
impact on the greenhouse effect. 
While my computer consumes 
only 150 watts, about half what 
my TV uses, leaving it on for 
extended periods would consume 
more power over the whole day 
than watching the programme on 
television, which is switched on 
only for the duration of the show.

Likewise, streaming digital 
radio to a computer consumes 
vastly more power than hearing 
the programme on a home stereo 
FM tuner – mine uses only 5 watts.

Much of the progressive 
increase in demand for electricity
in most western countries is due 
to proliferating electronic 
gadgetry. Faced with disastrous 
climate change, we cannot afford 
such luxuries.
Indooroopilly, Queensland, 
Australia

Strategic offence
From Mel Tisdale
Your editorial on the Strategic 
Defense Initiative (SDI, also 
known as Star Wars) lacked 
understanding of the role 
originally intended for it 
 (  22 March, p 5 ). Considering the 
 much greater explosive yields of 
modern thermonuclear weapons 
compared with those of the 
Hiroshima and Nagasaki atomic 
devices, plus the fact they are 
designed to explode at ground 
level and the accuracy of current 
missiles, it is clear these weapons 
are meant to destroy hardened 
targets: command, control, 
communication and intelligence 
(C3I) centres.

It is thus clear that the role of 
modern nuclear weapons is to 
deliver a pre-emptive strike, 
whose primary purpose is to 
destroy the ability of the other 
side to mount any retaliation. 
No such strike could hope to be 
100 per cent successful, so some 
form of protection from the 
odd missile fired in response is 
desirable. It is here that SDI 
comes into its own.

It is highly unlikely that Russia 
ceased developing the accuracy of 
its ballistic missiles. This should 
give pause when one considers 
the fact that relations are 
beginning to cool between the 
east and west. It is difficult to 
imagine any new cold war lasting 
very long.

You recently reported 
difficulties in upgrading the 
W76 warhead fitted to Trident 
missiles(  8 March, p 15 ). This could 
be an opportunity to step back 
from pre-emptive strike 
capability.

If warheads were limited by 
treaty to atomic devices only, 
which have a maximum yield of 
about 20 kilotonnes, rather than 
thermonuclear devices, which 
have yields orders of magnitude 
higher, they would only be 
capable of destroying soft and 
semi-hardened targets and thus 
leave the C3I centres intact.
Isleworth, Middlesex, UK

Grammar underlined
From Martin Pitt
We may not have the Académie 
Française (  29 March, p 28 ), but 
English does have a central 
authority defining the language. 
It is the Microsoft spelling and 
grammar checker. In practice, 
people take its spellings instead 
of the dictionary (sometimes 
accepting completely the wrong 
word) and many meekly accept its 
recommended changes of 
grammar and style. Now that 
tools such as email are marking 
up what they deem incorrect, it 
may be computers not people 
that create future English.
Leeds, UK

From Martin Saville
Michael Erard mentions a number 
of writers who imagined how the 
English of the future might 
develop. One of the earliest to do 
so must have been Max Beerbohm 
in his 1912 pastiche Enoch Soames,
in which the eponymous poet 
hero sells his soul to the devil in 
exchange for being transported 
forward 100 years to the reading 

room of the British Museum, 
to see how posterity has judged 
his work .

Soames finds himself 
dismissed in phonetic English as a 
fictional “thurd-rait poit hoo 
beleevz imself a grate jeneus” and 
Beerbohm’s story is decribed as 
“a sumwot labud sattire”.

I imagine many modern-day 
teachers of English will find this 
prophetic.
Biddenden, Kent, UK

Lacquer jitter 

From Alastair Gentleman
I was interested to see that a 
mystery which has been with us 
since the early 1960s has finally 
been solved, with the discovery of 
Microbacterium hatanonis in 
hairspray (  15 March, p 7 ). Forty or 
so years ago, when “beehive” 
hairstyles were literally the height 
of fashion, a creature known to 
thousands of teenagers as the 
“lacquer bug” could be 
guaranteed to chew its way 
through the fashionable pile of 
hair and the lacquer required to 
hold it in place. It was also widely 
believed that this same creature 
was responsible for the stinging 
eye syndrome experienced by 
men after a night spent at a dance 
with the side of their faces pressed 
against their partner’s head.
Linlithgow, West Lothian, UK

Mirror, mirror…
From Robert-Andrew Horton
Being egocentric, we are attracted 
to people who look like ourselves 

(  22 March, p 32 ). However, this 
presumes we know what we look 
like. Evolutionarily speaking this 
has only recently been possible 
with the advent of quality mirrors 
and latterly photographs and 
video: without these aids 
individuals would have only a 
vague impression of their 
appearance.

It may be that knowing what 
we actually look like has distorted 
our behaviour. For example, we 
seek mates who smell different 
and this increases genetic 
diversity (  23 July 2005, p 12 ). 
Should we not similarly be 
attracted to people who look 
different to ourselves? Perhaps 
this been subverted by seeing 
ourselves in the mirror.
Maidenhead, Berkshire, UK

Unhappy anniversary
From F. Gwynplaine MacIntyre
I am certain that Jules Verne 
would have been pleased to learn 
he is the namesake of a spaceship 
(  22 March, p 24 ), but I am not 
sure he would have been pleased 
by the timing of its launch.  On 
9 March 1886, Verne was shot in 
the left leg by his beloved nephew 
Gaston. He was permanently 
crippled, and Gaston Verne was 
declared incurably insane. In the 
19 years until his death, Jules 
Verne always regarded 9 March as 
a tragic anniversary.
Glasgow, UK

For the record 

� David Lambert is at the Allan Wilson 
Centre at Massey University in Auckland, 
New Zealand, not the University of 
Auckland as we said ( 29 March, p 17).
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Technology

COULD sweat pores act as tiny 
antennas capable of beaming our 
emotions to a remote detector? 

  Yuri Feldman  and colleagues 
at the Hebrew University of 
Jerusalem in Israel beamed 
100 gigahertz electromagnetic 
waves at the palms of subjects after 
exercise and then as they relaxed 
back to a calm state (Physical 
Review Letters, vol 100, p 128102). 
The intensity of the reflected 
waves varied with subjects’ sweat 
levels, and with their heart rate 
and blood pressure, indicating 
that the technique might be 
used to detect stress and other 
emotions remotely.

In 2006 the US Department 
of Defense announced plans 
to develop   a device  that uses 
electromagnetic waves reflected 
off sweat on a person’s face to 
spot signs of stress that could 
mark them out as a terrorist. 

MAKE room in your wardrobe 
for bamboo. Fibres formed from 
pulped bamboo can be woven 
into strong, silky fabrics that wick 
away sweat. Now they have been 
made to absorb harmful UV rays 
and kill bacteria as well. 

Bamboo, which is the fastest-
growing plant and requires no 
pesticides, is touted as an 
environmentally friendly material. 

2.6
million dollars: the 
amount bid anonymously 
in an online auction for 
the internet domain 
name pizza.com

How would you like to record a brand 
new vocal melody and play it straight 
back with a piano accompaniment? New 
software called   MySong  generates 
backing chords to match any melody, 
allowing amateurs to create recordings 
with accompaniment even if they 
cannot play an instrument. It may also 
appeal to professional songwriters who 
want to quickly test out new melodies.

To use MySong, you sing into a 
microphone and 3 seconds later press 
play to hear yourself singing along 
with a piano. The software starts by 
classifying each recorded note according 
to how close it is in frequency to the 
12 standard musical notes. Then it 
produces an accompaniment to the 
sequence of notes using a set of rules 
regarding which chords tend to be played 
with which melodies. The software 

came up with its rules after analysing 
300 popular rock, pop, country and R&B 
songs and their accompanying chords. 

“Musicians will argue that this is 
another step towards homogenised 
elevator music, but I see a market for 
it,” says   Peter Bentley  of University 
College London, who has created   jazz 
improvisation software . 

A commercially available program 
called   Band in a Box  can also be used to 
generate chords to accompany a melody 
played on keyboards or a computer, but it 
cannot accompany vocals, partly because 
people rarely sing precise frequencies, 
making it hard to select chords that fit.

Mysong was created by Microsoft 
Research in Redmond, Washington, 
and presented this week at the Human-
computer interaction conference in 
Florence, Italy.

I’LL SING IT, YOU PLAY IT

However, while its natural ability 
to kill bacteria has been hyped, 
Subhash Appidi and Ajoy Sarkar 
at   Colorado State University  in 
Fort Collins found that some 
finished bamboo fabric does not 
have this ability, and could cause 
unpleasant odours. The fabric 
they tested also let in UV light. 

The pair added UV-absorbing 
molecules to a commercially 
available bacteriocide. Bamboo 
fabric dipped in the mixture 
killed 80 per cent of bacteria 
and blocked UV rays.

A giant six-legged robot could allow future lunar astronauts to be nomads. The flat-
topped   All-Terrain Hex-Legged Extra-Terrestrial Explorer (ATHLETE)  will be 7.5 metres 
across with 6-metre-long legs. It will crawl across the moon, carrying astronauts and 
their base on its back. When the crew wants to set up camp it will stop, moving on 
when they are ready to explore a new site. NASA is now testing a small prototype.

A force-feedback pen has been developed to help visually impaired children learn 
to write. The teacher writes on a touch-sensitive screen and the motion is then 
mimicked by a motorised arm operating a stylus which is held by the pupil. The 
arm resists the child’s movements if they veer off course. The system, built at the 
University of Glasgow, UK, uses the commercially available   Phantom Omni stylus . 
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VIRAL OVERLOAD
A type of computer virus that makes infection 
by other viruses easier is fuelling the rise

Michael Arrington, founder of the technology blog TechCrunch, on the stress of supplying round-the-clock news and comment. Heart attacks killed Russell 
Shaw, a prolific blogger who died last month aged 60, and 50-year-old tech blogger Marc Orchant, who died in December (The New York Times, 6 April)

“I haven’t died yet. At some point, I’ll have a nervous breakdown”

–Once more, with backing–
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Sweat is a remote 
‘stress barometer’

Get your bamboo 
protective suit
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Technology

STEPHEN WROE’S lab is no place 
to be alone in the dark. Propped 
against a wall is a massive set of 
jaws from a great white shark. On 
shelves above the desk are skulls 
that once belonged to other 
fearsome animals – a sabre-
toothed cat, a clouded leopard, 
a “Tasmanian tiger”.

Despite their magnificence, 
what has drawn me to   Wroe’s 
computational biomechanics lab  
at the University of New South 
Wales in Sydney, Australia, is not 
the skulls themselves but the 
highly realistic 3D virtual models 
he has based on them. Unlike the 
real thing, these digital crash test 
dummies can be placed in various 
positions and then stressed, 
strained and generally pummelled 
in order to deduce the ways in 
which the real live predators 
killed their prey.

For extinct species, the 
knowledge gained from such tests 
is helping palaeontologists build 
up a picture of how various 
species may have competed 
against each other for food, 
leading to new theories for 
why some died out while others 
survived. For existing species, the 
same reasoning could help predict 
whether a predator will be able 
to survive changes to its 
environment due to global 
warming or loss of habitat. 

If a predator’s main source of 
prey is dwindling, for example, 
the models could help predict 
whether it would be able to switch 
to feed on a different, available 
animal instead, and successfully 
compete with rival predators. “In 
communities under stress, it’s 
typically the big predators that 
go extinct first,” Wroe points out. 

The researchers’ secret is a 
technique called   finite element 
analysis , which allows them to 

Simulate a skull with awesome precision and it reveals 
a lot more than the size of the brain it contained

model the transmission of stress 
and strain through a material. FEA 
has been used for more than 30 
years by architects and engineers 
to model the wear and tear on 
buildings and aircraft, but a great 
deal of processing power is needed 
to model complex biological 
systems and the technique has 
only recently become affordable 
for modelling skulls.

The first step in FEA is to 
create a digital representation 
of an object. For animal skulls, 
a computed tomography (CT) 
scanner images the entire skull in 
three dimensions. Commercially 
available imaging software then 
turns this exquisitely detailed 
map into a surface mesh – a “skin” 
of tiny triangles depicting the 
surface topology of the object. 
Next, a “finite element” program 
converts that mesh into a 3D object 
made up of millions of tetrahedral 
blocks, or “elements”. Each element 
is programmed to react realistically 
to the movement of adjacent 
elements, allowing researchers 
to apply virtual stresses – such as 
those produced by teeth tearing at 
flesh – and view how the skull as a 
whole responds. “FEA is the only 
modelling technique that allows 

STRESSED HEAD-BANGERS
As well as helping to tease out the 
feeding habits of some of the world’s 
scariest predators, virtual skulls should 
have some non-biting applications.

  Peter Aquilina , an oral and 
maxillofacial surgeon based at Westmead 
Hospital in Sydney, Australia, is poised 
to use the computer modelling technique 
called finite element analysis (FEA) to 
improve the repair of facial fractures, 
together with Stephen Wroe of the 
University of New South Wales.
Currently, the selection of plates and 
screws to fix a specific type of facial 
fracture is determined by a polymer 
model of a jaw with that fracture. 
Surgeons place a plate across the 
fracture and apply various forces to test 
its strength. But Aquilina suspects that 
sometimes this results in plates being 
selected that are either too thick or too 
thin. A computer model would more 
closely mimic the way a jaw reacts to 

force and so might lead to better plate 
selection, he says.

The technique might also help 
save whales. About one-quarter of the 
deaths of critically endangered North 
Atlantic right whales are caused by 
collisions with ships.   Regina Campbell-
Malone  at the Woods Hole Oceanographic 
Institution in Massachusetts is using FEA 
of the animals’ skulls to determine at 
what speeds ships become a deadly 
hazard to the whales, in order to 
recommend speed restrictions that 
should cut the death toll. “Our work is 
the first to approach speed restrictions 
from a biomechanical perspective,” she 
says. Ocean-going vessels typically travel 
at up to 22 knots. Preliminary evidence 
suggests that restricting speeds to 
below 14 knots in certain situations 
would greatly reduce the probability of 
a fatal fracture being caused to a whale 
as a result of a collision, she says.

us to deduce the stresses and 
strains experienced in structures 
with complex shape and complex 
material properties,” says Emily 
Rayfield at the University of 
Bristol in the UK.

In 2001, Rayfield published 
the first FEA of a palaeontological 
specimen – a Jurassic-era 
carnivorous dinosaur called 
Allosaurus fragilis (Nature, DOI: 
10.1038/35059070). Three years 
later, her FEA of a Tyrannosaurus 
rex skull revealed that a series of 
gaps between the facial bones 
probably functioned as shock 
absorbers, allowing tyrannosaurs 
to take powerful, bone-crushing 
bites without overstraining 
their craniums.

Bone breakdown
Since then Wroe has refined the 
FEA technique. Both of Rayfield’s 
models consisted of 2D meshes 
and did not include the jaw. 
Wroe and his team now work 
with 3D tetrahedra and have 
developed a method for 
modelling a hinged jaw. They 
have also created software that 
calculates bone density from the 
CT images instead of treating the 
skull as if it had a uniform 
firmness, which was the previous 
standard. Wroe’s team scores 
each bone element on a scale 
from 1 – for the densest, hardest 
cortical bone – to 8, for the softest, 
spongiest bone. This provides a 
more realistic transmission of 
force, says Wroe. Meanwhile, a 
method for rapidly turning the 
CT images into FEA models, also 
devised by Wroe’s team, means 
that if a skull is in relatively good 
condition it will take just a few 
hours to create a model, rather 
than weeks or months.

These models are already 
increasing our understanding of 
some extinct species. In September 
2007, an FEA model of the skull 
of the extinct “Tasmanian tiger”, 
or thylacine (Thylacinus 
cynocephalus), revealed that its 
skull   was not adapted for biting 
large prey . Humans have been 
blamed for the thylacine’s 
disappearance from the Australian 
mainland 3000 years ago. But 

Crash-tested 
skulls throw light 
on extinctions

EMMA YOUNG, SYDNEY
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Homo sapiens was successful 
while other lines died out.

Wroe is also working on living 
animals. His models of the great 
white shark (see Picture) suggest 
its jaws could tolerate a bite force 
equivalent to about 1.8 tonnes . 
“That’s a heck of a lot, but for an 
animal that size it’s not 
humongous,” he says. With its 
extremely sharp teeth, the great 
white – like the smilodon – might 
not need a supremely powerful 
bite. Its skull seems adapted to 
causing swift catastrophic 
trauma, allowing it to back off 
until its prey dies. The team is also 
looking at the tiger shark and the 
bull shark. Dissections have 
already revealed large muscles, so 
they expect both to pack a bigger 
bite than the great white. 

The team has also built a 
virtual model of a Komodo 
dragon’s skull, with intriguing 
results. They found that it is 
superbly adapted to perform one 
killer motion: to simultaneously 
bite into prey using its jaw muscles, 
while pulling using its neck and 
body muscles. The results, which 
will appear in the   Journal of 
Anatomy , suggest the Komodo’s 
skull is under less stress when it 
both bites and pulls than when it 
just bites. “The combination of 
very sharp, wickedly serrated 
teeth and very clever engineering 
allows the big lizard to inflict 
serious damage despite the fact 
that its jaws are weak and its skull 
very gracile,” says Wroe.

FEAs of skulls also have 
practical applications. A knowledge 
of bite forces of various sharks 
could help engineers improve the 
design of underwater equipment, 
such as submarine sonar arrays, 
to stop them from becoming 
chewed up, says   Dan Huber  at the 
University of South Florida  in 
Tampa, who is working with Wroe 
on shark modelling. Non-biting 
applications for FEA skull models 
are also in the works (see “Stressed 
head-bangers”). Researching the 
mechanics of killing in big scary 
animals is childishly fascinating 
in part, Wroe confesses, but there 
are justifiable scientific reasons 
for doing so.  ●
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The great white 

shark‘s bite is nasty, 

but not as forceful 

as you might think
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Wroe’s team’s analysis suggests 
that the dingo, whose relatively 
stronger head and neck could 
better handle the stresses of 
tackling big prey, may have 
outcompeted the thylacine when 
prey became scarce (Proceedings 
of the Royal Society B, DOI: 
10.1098/rspb.2007.0906).

More controversially, a study 
led by Wroe’s colleague Colin 

McHenry shows that, despite its 
fearsome canines, the extinct 
sabre-toothed cat Smilodon fatalis
had a   surprisingly weak bite  
(Proceedings of the National 
Academy of Sciences, DOI: 
10.1073/pnas.0706086104). While 
the animal’s skull and neck were 
well adapted for administering a 
single killer bite to large prey, he 
found that the smilodon could 

only apply a modest bite force for 
its size – weaker than that of an 
African lion. “A lot of people had 
a problem with that,” says Wroe. 
“I think a lot of Americans weren’t 
impressed that their iconic super-
predator had a bite a bit more like 
a pussy cat.”

In future, FEA might do a 
similar thing for the history of 
humans. Wroe’s team is preparing 
to study the skulls of modern and 
ancient hominids to investigate 
theories that different feeding 
habits might help to explain why 

“Many Americans weren’t impressed that their 
iconic sabre-tooth had a bite like a pussy cat”



Technology

WHIRLPOOLS created by currents 
as they flow over obstacles are 
powerful enough to tear apart 
bridges and offshore rigs. So why 
not use them as a source of 
renewable power?

Previous attempts to harness 
energy from the flow of the 
world’s rivers and oceans have 
 had limited success, at best. Tidal 
flow can only be tapped at certain 
times of day, while   underwater 
turbines  are only viable if they are 

mounted in rapid currents. 
Now researchers led by 

  Michael Bernitsas  at the 
University of Michigan, Ann 
Arbor, are preparing for the first 
outdoor trials of a technology 
that makes use of the slow-

moving currents down rivers 
and across the ocean.

When water flows over an 
underwater obstacle, whirlpools 
or vortices form alternately above 
and below it. The vortices create a 
tugging effect, so the result is an 
alternating force that yanks the 
object up and down (see Diagram). 
It is these oscillations that can 
have devastating consequences 
for rigs and bridges, but Bernitsas 
has now created a device that 
turns them into usable amounts 
of electricity.

In his lab, he took a cylinder 
10 centimetres in diameter and 
91 centimetres long with the same 
average density as water and 
suspended it horizontally in a 
bath. Then he generated currents 
of between 0.5 and 1.0 metres per 
second – speeds that are common 
in rivers. The vortices generated 
by the flow moved the cylinders 
up and down, and by attaching the 
cylinders to springs that turn an 
electric generator he was able to 
convert the motion into 10 watts 

of electrical energy. Bernitsas 
calls the technology Vortex 
Induced Vibrations Aquatic Clean 
Energy, or   VIVACE , and plans to 
commercialise it with his 
company Vortex Hydro Energy.

He has also come up with an 
idea for squeezing more energy 
from VIVACE.  At the  Offshore 
Mechanics and Arctic Engineering 
conference in Estoril, Portugal , in 
June this year, he will show how 
roughening the surface of the 
cylinders allows them to capture 
more energy. The idea was 
inspired by the fact that fish that 
use energy from vortices to help 
propel themselves forward also 
have rough skin.

VIVACE’s big test will come 
next year, when the team plans 
to deploy a larger version in the 
Detroit river. They expect it to 
generate 3 kilowatts, enough to 
power lights on a nearby pier, and 
claim that still larger versions 
could produce megawatts of 
power at a cost of around 5 cents 
per kilowatt-hour. This would 
make it competitive with coal 
and gas-fuelled generators.

These projections are 
contested, however, by 
commentators who point out 
that the performance has yet 
to be tested in the fluctuating 
current of a real river. They also 
have doubts about the claimed 
cost of the power it produces, 
since it is not yet clear how 
much the system will cost to 
maintain. “It is very new and very 
different to existing devices,” says 
Walter Musial of the   National 
Renewable Energy Laboratory  
in Golden, Colorado. “There are 
a lot of questions still to be 
answered.”  Jim Giles  ●
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HARNESSING THE VORTEX

Vortices generated by a current pull a cylinder up and down

Vortex forms above cylinder, 
pulling it upwards

Second vortex forms below, 
pulling it downwards



they are, for some reason, not in thermal 

equilibrium. Without these conditions the 

universe would never have evolved from its 

initial state of having equal amounts of 

matter and antimatter to its present highly 

unbalanced state. 

Fast forward to today and Sakharov’s 

conditions remain as relevant as ever. In 

the intervening years, they have acted as 

an important guide for our theories of the 

early universe. 

The standard models of cosmology and 

particle physics suggest that when the 

universe was less than 10-12 seconds old, 

particles and their interactions were very 

different from what they are today. All the 

fundamental particles were massless and the 

weak interactions between them were more 

active. As the universe expanded and cooled, 

it switched to a more favourable, lower-energy

state. Here the particles gained mass and the 

weak interactions became less active. 

This cooler state started off as a tiny bubble 

that expanded rapidly throughout the early 

universe. As it did so, the bubble’s surface 

upset the thermal equilibrium of the universe 

and interacted with the massless particles and 

antiparticles. Some of them passed through 

and ended up inside the bubble, while others 

bounced off. 

Interactions at the bubble wall made it more 

likely for a quark to break through the bubble 

wall than an antiquark, so inside the bubble 

there was an excess of quarks, while the 

antiquarks outside were removed by the more 

active processes. Today, the bubble is the size 

of the universe, and because we live inside it 

we see the excess of quarks as a dominance 

of matter over antimatter. 

It’s a lovely, neat picture. The only 

That couldn’t occur by chance, though. 

Even this tiny excess is too big to occur as 

a random fluctuation in the hot, early 

universe. Nor is the universe likely to have 

started out with such a finely tuned imbalance 

(see “Was the universe born lopsided?”, page 

28). What’s more, it definitely doesn’t seem to 

be hiding pockets of antimatter today (see 

“Where are all the anti-galaxies?”, page 29). So 

how the excess arose during the history of the 

universe must be encoded somewhere in the 

basic laws of physics.

Russian physicist Andrei Sakharov was the 

first to take on this puzzle in 1967. He showed

that for there to be more matter than 

antimatter, three conditions are needed. First, 

Sakharov argued that no conservation law can 

forbid reactions which effectively change the 

balance between particles and antiparticles . 

This was a bold claim, as such reactions have 

never been seen experimentally.

To make this possible, Sakharov pointed 

out that the laws of physics must be slightly 

different for matter and antimatter, as had 

been revealed in experiments three years 

earlier with particles called long-lived kaons. 

These showed that the weak force, which is 

best known for its role in radioactive decay, 

does not act equally on quarks and antiquarks. 

Finally, there must have been a period early 

in the universe’s history when the various 

reactions going on between the different 

particles and antiparticles and radiation in 

the primordial plasma started to take place 

at different rates. This can only happen if 

� IT IS lucky for us that the infant 

universe did not behave the way our 

best cosmic theories would have it. 

Nearly 14 billion years ago, the big bang forged 

equal amounts of matter and its nemesis, 

antimatter. These should have annihilated 

each other in bursts of pure radiation, leaving 

a universe filled with light. Instead, though, it 

is full of stars and planets and gas – something 

threw a cosmic spanner in the works. 

The stars and galaxies that light up the 

heavens would not exist today if matter had 

not won out over antimatter at some very 

early time in the evolution of the universe. 

How and when did this happen? Why is there 

something rather than nothing? These 

questions are at the root of our very existence, 

but as yet science has no clear answers. 

That’s not to say we haven’t made progress. 

As in any good detective story physicists have 

picked up important clues, mainly by creating 

antimatter and studying what it does. Other 

evidence comes from neutrinos, those ghostly 

particles created in radioactive decays. These 

clues have provided two very promising lines 

of inquiry and thrown up some controversial 

results along the way. With the advent of new 

experiments there is a chance we will have 

answers very soon. 

To create the universe we see today, 

a preference for matter must have arisen in 

the early universe. It only needed a minute 

imbalance, with as few as one extra particle 

of matter surviving for every 30 million 

antimatter particles. 

How the cosmos 
was conquered
When the universe was born antimatter was just as plentiful as matter. What 
happened to change that? Physicists Helen Quinn and Yossi Nir investigate
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“How the excess of matter arose must be 
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problem is, it doesn’t give the right numbers. 

When we use the standard model to calculate 

the amount of matter and antimatter, we get 

far too small an excess. This is one of the 

reasons why particle physicists think the 

standard model is incomplete. Is there a way 

to fix it?

Perhaps. One of the most promising 

extensions of the standard model is 

supersymmetry, which demands many 

as-yet-unknown particles beyond the reach 

of existing experiments. As well as explaining 

the antimatter imbalance, supersymmetry 

might tell us about the nature of the dark 

matter that accounts for 90 per cent of the 

matter in the universe, and why gravity is so 

puny compared with the other forces. 

While theorists embrace supersymmetry, 

so far we have found no evidence for it in 

experiments. However, hints of a process that 

does not fit the standard picture recently 

came to light. Last month, a team of physicists 

in Italy, France and Switzerland known as the 

UTfit collaboration analysed particles called 

Bs mesons, created in two experiments at the 

Tevatron accelerator at Fermilab in Batavia, 

Illinois. Made of a “bottom” antiquark and a 

“strange” quark, Bs mesons are unstable and 

decay via the weak force into particles made of 

lighter quarks and antiquarks. 

The UTfit collaboration argues that when 

they combine all the Bs meson results, they 

find a small discrepancy that could be 

evidence for a new interaction outside the 

standard model that acts differently on quarks 

and antiquarks, and might possibly be a reason 

for the excess of quarks in our universe (New 

Scientist, 18 March, p 10). 

It is far too early to say whether this a first 

hint of supersymmetry. More observations are 

needed to confirm the UTfit group has indeed 

found something amiss, and we will still need 

to discover some supersymmetric particles to 

provide proof. They might turn up at the 

Large Hadron Collider (LHC), the world’s most 

powerful accelerator, due to switch on later 

this year at the CERN laboratory near Geneva, 

Switzerland. Assuming supersymmetric 

particles are detected there, we will be able 

to measure their masses and some of their 

interactions, but even that won’t be enough. 

Additional experiments will be needed to tell 

if supersymmetry generated the right excess 

of matter when the universe was about 10-11

seconds old. 

Other planned experiments to study 

supersymmetry in detail include the 

International Linear Collider, which will 

smash electrons and positrons together 

(New Scientist, 25 August 2006, p 36) and an 

experiment to study the electromagnetic 

properties of the neutron. 

Neutrinos to the rescue
An alternative way to explain the mystery of 

the missing antimatter emerged in the 

mid-1980s. Japanese physicists Masataka 

Fukugita and Tsutomu Yanagida showed 

how the matter-antimatter imbalance 

might have arisen in a scenario known as 

leptogenesis. If this idea is correct, we owe 

our existence to neutrinos.

Neutrinos are the most elusive of all 

particles in the standard model, and were long 

thought to be massless. However, a series of 

beautiful experiments carried out over the 

past 40 years in the US, Japan, Canada and 

elsewhere have established that the standard 

model is wrong: neutrinos do have mass, 

albeit a very tiny one. 

This means they could have played a role 

in the antimatter imbalance. Adding neutrino 

masses into the theoretical picture means 

adjusting the standard model, and the simplest 
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WAS THE COSMOS BORN LOPSIDED?

How do we know that the universe did 

not just start out with an imbalance of 

matter and antimatter? The more we 

understand the early history of the 

universe the less it seems that this is 

possible. First, if the asymmetry 

between matter and antimatter had 

been an initial condition, it would 

have been a very peculiar one. By 

studying the amounts of light elements 

forged in the very early universe, we 

can work out that there must have 

been 30,000,001 matter particles for 

every 30,000,000 antimatter particles. 

It seems very unlikely that such a fine-

tuned situation appeared accidentally.

Even if there had been an initial 

imbalance, it would have been erased 

in a period of rapid expansion called 

inflation that diluted the initial 

densities to minuscule proportions. 

There is growing evidence from the 

cosmic microwave background that 

inflation did indeed take place. It is 

almost certain that the excess of matter 

was generated after inflation.
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“If certain scenarios of the early universe are 
correct, we owe our existence to neutrinos”



way to do this is to assume the existence of 

a new type of particle, a kind of very heavy 

neutrino called a singlet neutrino. These 

neutrinos are unlike any other particle we 

know because they do not interact with other 

particles via the usual forces in nature, so they 

are probably extremely difficult to detect. Like 

all fundamental particles, they would have 

been produced in appreciable quantities in 

the very early universe. But their interactions 

would have been too feeble to keep them in 

thermal equilibrium with the rest of the 

primordial plasma, in keeping with one of 

Sakharov’s three conditions.

According to the leptogenesis scenario, 

singlet neutrinos travel freely across the 

universe until they decay into either 

neutrinos or antineutrinos. Crucially, 

according to the theory more antineutrinos 

can be produced than neutrinos, once again in 

line with Sakharov’s ideas. 

Leptogenesis therefore leaves the very 

early universe with an excess of antineutrinos. 

At this stage, the standard model predicts that 

certain reactions could occur in the very 

high-temperature conditions to convert 

antineutrinos into matter particles, eventually 

producing protons and neutrons and leaving 

the universe devoid of antimatter. 

Testing leptogenesis will be tricky, as 

there is unlikely to be a way to produce singlet 

neutrinos in the lab and measure their decays. 

They are likely to be much too heavy and their 

interactions are dramatically too feeble for us 

to be able to do that. However, there are ways 

to test whether the idea is at least possible. 

Leptogenesis predicts that the 

singlet neutrinos can interact with normal 

neutrinos by swapping Higgs particles – the 

particles that are thought to give mass to all 

matter and antimatter particles. From what 

we know about normal neutrinos and the 

Higgs particle, we can make inferences about 

singlet neutrinos. So far, their features appear 

to match what is needed for leptogenesis, 

and this provides some circumstantial 

evidence in support of the idea.

Another test concerns a property called 

the “lepton number”. Electrons and neutrinos 

belong to the family of particles called leptons 

and are assigned a lepton number of 1. Their 

antimatter counterparts have a value of -1. 

In all the reactions we have measured so far, 

the lepton number before and after the 

reaction has stayed the same. 

However, the leptogenesis theory predicts 

that adding singlet neutrinos to the mix makes 

it possible for regular neutrinos to change into 

antineutrinos and vice versa. So it fails to 

conserve lepton number. Particle physicists 

regularly check their experiments for signs of 

lepton number violation because this would 

directly prove Sakharov’s first condition, that 

there is no conservation law in nature 

protecting the matter-antimatter balance. 

So far, only one group claims to have seen 

a reaction that violates lepton conservation. 

Hans Klapdor-Kleingrothaus at the Max Planck 

Institute for Nuclear Physics in Heidelberg, 

Germany, says that his group first saw lepton 

violation in 2001, in germanium-76 nuclei 

(New Scientist, 4 September 2004, p 37) .

They claim to have observed a reaction 

called neutrinoless double beta decay. In 

normal beta decay, a neutron inside a nucleus 

spontaneously transforms into a proton, 

producing an electron and an antineutrino 

in the process. The lepton number is 0 before 

and afterwards. A few rare radioactive elements 

go one better and undergo double beta decay, 

where two neutrons inside the same nucleus 

change at the same time, spitting out two 

electrons and two antineutrinos. In the 

neutrinoless version of double beta decay, 

there are no antineutrinos, only two 

electrons. Here the lepton number changes 

from 0 before the reaction to 2 afterwards. 

The Heidelberg group’s findings are 

controversial, though, and while several 

teams of physicists are attempting to 

replicate the experiment, none has yet 

succeeded. Still, many physicists are 

convinced that leptogenesis is the prime 

suspect for solving the antimatter puzzle , 

and so the search for lepton number 

violation goes on.

For now the mystery has at least two 

possible answers. It is down to experiments to 

choose between them, or even eliminate both 

and send theorists back to the drawing board. 

If supersymmetry provides the answer we will 

eventually know it. But if leptogenesis is the 

right answer, then it is likely to remain forever 

a plausible yet unproven aspect of cosmology. 

Like it or not, the universe may never reveal

all its secrets.  �

Helen Quinn is professor of physics at the Stanford 

Linear Accelerator Center at Stanford University, 

California. Yossi Nir is professor of physics at the 

Weizmann Institute of Science in Rehovot, Israel. 

Their latest book is The Mystery of the Missing 

Antimatter (Princeton)

Read previous issues of New Scientist at 
http://archive.newscientist.com
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WHERE ARE ALL THE ANTI-GALAXIES?

We have good reasons to think that 

all the structures in the observable 

universe are made from matter and not 

antimatter. For a start, space probes 

have touched down on the moon and 

other planets without annihilating in 

a burst of radiation. Intergalactic space 

is flooded by particles blasted out by 

active galaxies; any antimatter galaxies 

around would radiate antiparticles 

which would annihilate on meeting 

these particles, creating glowing 

surfaces with characteristic energies. 

We don’t see any of these as far out as 

we can possibly observe. 

It is also extremely unlikely that 

the hot, dense mixture in the early 

universe sorted itself out into a few 

equally huge regions of matter and 

antimatter. You would have to have 

very different laws of physics for 

matter and antimatter to unmix like 

this. We know the laws are in fact very 

similar, so we conclude that it is matter 

which makes up the galaxies in our 

entire universe.
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Vote of no confidence

elections, plurality voting has handed the 

White House to the second most popular 

candidate, according to William Poundstone, 

author of Gaming the Vote: Why elections 

aren’t fair. “It’s really the worst system. Its only 

virtue is that it is the simplest way of voting, 

which is why we put up with it,” he says.

Voting reform initiatives in the US usually 

focus on problems with voting machines and 

on the electoral college used in a presidential 

election – an antiquated system that gives more 

weight to voters from some states than from 

others. Yet arguably the larger problem with 

elections in America and elsewhere is plurality 

voting itself. Is there a fairer alternative?

Researchers and politicians have long 

known of plurality’s weaknesses, but until 

recently most believed the alternatives 

weren’t any better. In 1950, economist 

Kenneth Arrow, then a PhD student at 

Columbia University in New York, seemed to 

prove once and for all that it was impossible to 

have a method of voting that was entirely fair 

(Journal of Political Economy, vol 58, p 328 ).

First, Arrow assumed that all voters would 

vote honestly rather than try to manipulate the 

� ONE person one vote is the mantra of 

democracy. And as Americans prepare 

to elect a new president this year, they’ll 

be weighing up who to cast their precious vote 

for. Yet giving each citizen just one vote may not 

serve democracy’s best interests. It can all too 

easily throw up a winner who in a straight fight 

with the runner-up would not be the majority’s 

choice – surely a negation of democracy. 

How can this happen? It’s to do with the way 

voters are allowed to express their preferences, 

and how those choices are turned into a winner. 

Most elections in the US, the UK, Canada, 

India and many other countries use what is 

technically called a plurality voting system 

(better known as first-past-the-post) for 

single-winner elections. Every voter chooses 

one candidate from those standing, and the 

candidate with the most votes wins.

It’s beautifully simple. But it can also be 

strongly influenced by fringe candidates with 

relatively little support. By taking votes that 

would otherwise go to one of the leading 

candidates, these “spoilers” can tip the 

outcome in favour of that candidate’s main 

rival. In five of the last 45 US presidential 

system. Then he identified five criteria that he 

felt a good voting system should meet. Three 

of them seem obvious: every election should 

result in a decisive winner; if a candidate is the 

unanimous favourite, he or she should win; 

all candidates should be treated equally.

A fourth criterion stipulates that all voters 

should count equally and be anonymous, in 

order to guarantee freedom of expression and 

ensure that it is not only the wishes of a 

dictator or minority elite that count. Finally, 

Arrow’s fifth criterion states that if you look at 

any three candidates, the way the system 

reflects voters’ preferences for candidate A or 

B should be independent of their views about 

candidate C. That is, liking candidate C 

shouldn’t force voters to desert either A or B.

Plurality voting fails to meet the last 

criterion. One recent demonstration of this 

failure happened in the 2000 US presidential 

election. It is now widely accepted that the 

Green Party candidate Ralph Nader took votes 

that would otherwise have counted towards 

Al Gore. A voting system that met Arrow’s fifth 

criterion would have ensured that the winner 

in the race between Al Gore and George W. 

No voting system is perfect, but why do we put up with one of the worst, asks Phil McKenna
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Bush would not depend on whether Nader was 

standing too (see Diagram, page 32).

Arrow applied his test to all the proposed 

voting systems that allowed voters to rank 

candidates in order of preference. He found 

that no voting scheme could meet all his 

criteria. The conclusion, which came to be 

known as Arrow’s impossibility theorem, 

spawned a new field of study called social 

choice theory and earned Arrow the Nobel 

prize in economics in 1972. “It really caused 

decades of despair. It asserted that no voting 

system is going to be fair,” says Poundstone.

But could Arrow have overlooked better 

options? Warren Smith, a former mathematics 

professor at Temple University in Philidelphia, 

and co-founder of www.rangevoting.org, 

claims to have circumvented Arrow’s theorem 

with a controversial voting system called 

  range voting , which the theorem doesn’t 

cover. According to Smith, range voting 

consistently yields the most satisfying result 

for the greatest number of voters.

Chances are you are already familiar with 

range voting. It is used to rate videos on 

YouTube, or score entrants on Hot or Not, 

where users subject photos of themselves to 

public scrutiny. In an election, each voter 

would score candidates on a scale of 0 to 9, say, 

or mark them with an X for “no opinion”. 

Unlike plurality voting, where you have only 

one vote, range voting allows you to express a 

view about as many candidates as you like. 

And if you feel equally about two or more 

candidates, you can give them the same score. 

When all votes are cast, the candidate with the 

highest mean score wins. A variant of the 

system was used in Venice in the Middle Ages 

to elect the city’s leaders. Over the years it fell 

into obscurity, but in 2000 Smith renamed it 

and began promoting it again as a fairer 

alternative to plurality voting.

Range voting satisfies each of Arrow’s five 

requirements, something no other voting 

system has been able to accomplish. “It’s 

better than plurality in every way except 

possibly simplicity,” Smith says. “It allows 

voters to express more preference about the 

candidates, eliminates the problem of vote 

splitting, and tends to elect winners that are 

more representative of the majority will.”

Smith bases these claims on a series of 

computer simulations in which he tested 31 

voting systems to determine which yielded 

the least disagreeable result for the greatest 

number of voters. To gauge this he measured 

“Bayesian regret”, a parameter that attempts 

to quantify how unhappy groups of people 

are following a poor outcome. The better the 

voting system, the less Bayesian regret it 

causes. He claims the improvement in 

expected human happiness when switching 

from plurality to range voting would be about 

the same as the impact of introducing 

democracy in a dictatorship.

Smith isn’t the first to use Bayesian regret 

to compare voting systems, but in previous 

models no one system consistently came out 

on top. Smith says this is because they didn’t 

include range voting, but his study is 

controversial because it has not been 

“It caused decades of 
despair by asserting no 
voting system is fair”



voting because voters can safely inflate and 

deflate scores without compromising their 

support for their preferred candidate.

Political campaigner turned voting reform 

advocate Rob Richie is also dismissive of range 

voting. “I think what Smith and the other 

range voting supporters haven’t grasped is 

campaign psychology,” says Richie, who is 

executive director of voting reform advocacy 

group FairVote. “It’s one thing to use range 

voting on Hot or Not or for other internet 

voting when you don’t have a big stake in the 

outcome. But when you really care who wins, 

you are really trying to help your side.”

In other words, the big problem Richie 

foresees is that candidates would have a 

strong incentive to persuade their supporters 

to vote strategically. “Strategic voters will beat 

non-strategic voters, and when that occurs 

there is a real problem with our democracy,” 

Richie says. Smith says these effects would 

cancel out between the different candidates 

because a similar share of each candidate’s 

constituency would vote strategically.

If the one voting system that apparently 

satisfies Arrow’s criteria for single-winner 

maintains that voting systems based on scores 

rather than rankings don’t measure up. “I don’t 

think [range voting] is a true voting system,” 

he says. Before publishing his theorem, Arrow 

and his colleagues considered value-based 

systems but dismissed them. “We felt 

there was no meaning to compare values 

between people,” says Arrow. Maskin, 

a former student of Arrow’s, agrees. “If I say 

that I prefer Clinton to Obama, the statement 

has meaning – I would put Clinton in office 

rather than Obama. But what does it mean to 

assign Clinton 7 points and Obama 4?”

Ripe for manipulation
Not only are the numbers meaningless, 

Maskin says, but such attempts to quantify 

preference give voters a strong incentive to 

exaggerate. “Say I slightly prefer Clinton over 

Obama, but I am concerned that Obama is 

surging ahead, I have every incentive to 

overstate my liking of Clinton and my dislike 

of Obama,” Maskin says. No system is entirely 

safe from such manipulation, but Maskin says 

range voting is particularly prone to strategic 
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accepted for publication in a peer-reviewed 

journal. Smith claims this is because reviewers 

have an irrational aversion to range voting.

Others say his methods are unclear. “One 

would have to study the computer program to 

know whether the comparison is valid,” says 

Eric Maskin at the Institute for Advanced Study 

in Princeton, New Jersey, who won the 2007 

Nobel prize in economics for work he did on 

the rules that govern voting systems. Critics 

also point out that the system requires voters 

to assign values to candidates, something 

Arrow ruled out on the grounds that the 

values assigned have no real meaning.

Claude Hillinger, an economist at Ludwig 

Maximilian University in Munich, Germany, 

who has devised a similar value-based method 

that he calls evaluative voting, says Arrow’s 

exclusion is groundless. “Systems that give a 

range of values have more meaning than 

ranking systems because you have the 

freedom to assign any number to any 

candidate that you wish.”

More than half a century after publishing 

his landmark theorem, Arrow, now 86 and 

professor emeritus at Stanford University, 



of first-choice rankings. Proponents of 

Condorcet say it is the fairest method because 

it elects the candidate that the greatest 

number of people find the least disagreeable. 

The downside is it can elect a candidate that 

no one wanted as their first choice.

Condorcet has yet to be used in any 

government elections, but there is another 

ranking system that has made that grade. 

Known variously as instant run-off voting 

(IRV), preferential voting and the alternative 

vote, it uses the same ranking system as 

Condorcet, but the count is different. First 

candidates are ranked according to how many 

first choices they received, as in plurality. If no 

candidate has an overall majority, the 

candidate with the least number of first-

choice votes is eliminated and their votes are 

reallocated according to the second choices 

on the eliminated candidate’s ballots.

IRV’s strength is that it places great value 

on voters’ first preferences. “IRV will never 

elect a candidate who doesn’t have substantial 

first-choice support,” says Richie, whose 

organisation FairVote promotes the system.

Richie points to the method’s proven track

record in Australia, where it has been used 

since 1918 to elect the country’s House of 

Representatives. According to Ben Reilly, 

director of the Centre for Democratic 

Institutions at the Australian National

University in Canberra, preferential voting was 

brought in to replace plurality and prevent 

fringe candidates from spoiling the election.

Another major advantage of IRV is that it 

allows smaller parties to campaign for 

election and present their views without the 

risk of splitting the votes of larger parties. 

“The smaller parties have a really strong 

interest in running candidates even where 

they can’t win the election, because they can 

have a strong influence on policy,” Reilly says.

IRV is not without its faults. “It’s not quite 

as vulnerable as plurality,” Maskin says, “but it 

doesn’t rule out spoilers or the chance that a 

candidate without a majority might win.” 

Stranger yet, when things get really close in an 

instant run-off vote, selecting your favourite 

candidate could in theory do more harm than 

good. “If you increase your vote for somebody 

in IRV it can make them lose,” says Smith. 

For example, suppose there is a tight three-

way race in which candidate A leads but 

doesn’t have an overall majority, while 

candidates B and C are vying for second, with 

B voters preferring A as their second choice 

and C voters preferring B as their second 

choice. If candidate A courts and wins too 

many of the C voters, then candidate C will be 

eliminated first and his or her votes will give 

candidate B the overall victory. 

“The problem I have with these little 

paradoxes is that they break down in the real 

world,” says Steven Hill, director of the Political 

Reform Program with the New America 

Foundation, a political advocacy group that 

supports IRV – and there is indeed no record 

of the scenario described above ever having 

happened in practice. “In reality, you would 

have to have members of the Green Party 

voting for the Republican candidate,” says Hill.

Of all the alternatives to plurality voting, 

IRV is the only one that has gained a toehold 

in government elections. For example, San 

Francisco, California, and Takoma Park, 

Maryland, use it in municipal elections. 

And presidential hopefuls   John McCain  and 

  Barack Obama  have both supported efforts 

to adopt the system in state-wide elections.

As campaigners try ever sneakier ways to 

manipulate the plurality system, so the need 

for change is growing more pronounced. 

Having seen how Ralph Nader split the liberal 

vote in the 2000 US election, Republicans 

helped fund his 2004 campaign in the hope 

that he might   undermine the Democrats  

again. The practice has now become 

commonplace in American politics.

But change is in the air. After casting a half-

century-long shadow of despair over the field 

of voting theory, even Arrow seems to be 

softening his stance. “Most systems are not 

going to work badly all of the time,” he admits. 

“All I proved is that all can work badly at times.”

Could plurality voting have had its day? 

Perhaps it’s time to give every man and 

woman more than one vote.  �

Phil McKenna is a writer based in Boston
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elections is destined to be confounded by 

political manoevrings, what’s the alternative? 

Many electoral reformers argue that instead 

of getting hung up on devising a perfect 

voting system, we should adopt the system 

that works most of the time. So which among 

the dozens of alternatives would that be?

For Maskin, the answer is the Condorcet 

method, named after 18th-century French 

mathematician the Marquis de Condorcet. 

Voters rank each candidate in order of 

preference. They can give two or more 

candidates the same rank, or not rank a 

candidate at all. This makes for a rather 

complex set of possible outcomes that 

requires computers to calculate the winner in 

all but the smallest elections. In essence it 

works like this: for every possible combination 

of two candidates, the computer scans 

through all the rankings and counts how 

many times each candidate is ranked higher 

than their adversary. The overall winner is the 

candidate who wins the most of these one-on-

one comparisons. Crucially, this means that 

the Condorcet winner in an election need not 

necessarily be the candidate with the majority 

“Selecting your favourite 
candidate can do more 
harm than good”
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How can we hope to protect ocean biodiversity if we don’t even know 
what’s down there? Emma Young finds a sea change under way

Depths of ignorance



the world’s coral reefs but are home to about 

half of all endemic species – those that are 

found exclusively in just one location (Science,

vol 295, p 1280). “This is still the definitive 

analysis,” says Roberts, and it is being used to 

direct conservation efforts.

It is hardly surprising that coral reefs are 

the best-studied underwater ecosystems 

given that they are relatively easy to access. 

Building a similar picture for the open oceans 

is much more difficult. Nevertheless, when

Boris Worm at Dalhousie University, Halifax, 

Canada, was wondering whether biodiversity 

hotspots might exist further offshore – and 

how to investigate this – he realised that 

useful information did already exist, 

ironically from one of the biggest threats to 

some fish stocks: long line fishing.

In 2005, Worm and his colleagues analysed 

records from decades of long line fishing to 

create the first global map of the biodiversity 

of large ocean predators (Science, vol 309, 

p 1365). They identified five distinct subtropical 

hotspots for species such as tuna, marlin and 

sharks: off the eastern coasts of the US and 

Australia, south of the islands of Hawaii, east 

of Sri Lanka and north of Easter Island in the 

south-east Pacific (see Map, page 36).

So, what makes a hotspot for these 

predatory fishes? Worm had expected to find 

that abundant food was essential. Easter 

Island proved him wrong. “Who’d have 

guessed that one of the biggest biodiversity 

hotspots would be in a region that has lower 

nutrient concentrations at the surface than 

almost any other place on Earth?” In fact, he 

found sea surface temperature was the 

strongest predictor of both species richness 

and the density of big fish. Warmer waters, 

with an ideal of about 22 °C, generally allow for 

more species of large predator, provided there 

is sufficient oxygen in the water. These 

conditions seem to provide a biological 

optimum in which these big fish can best 

maintain their high metabolic rate. Easter 

Island aside, nutrients do seem to matter too. 

Another factor Worm found is that the 

location of most hotspots coincides with the 

presence of geological or hydrological features 

that create fronts or eddies in the water. These 

tend to concentrate plankton – the key 

� EVERY investor wants to know 

where to put their money for the 

best return. So no wonder the idea of 

biodiversity hotspots has taken off. No matter 

how much you care about the environment, 

there is no getting around the fact that we 

simply do not have enough time, funds or 

good will to combat all the damage caused by 

human activity in the past few generations. 

Concentrating conservation efforts on the 

areas that contain the richest mix of species at 

greatest threat seems like a no-brainer. There 

is just one problem, though – first you must 

identify your hotspots.

That is not too difficult on dry land, but add 

water and things get trickier. When it comes to 

knowledge about species distribution and 

diversity, the oceans have been the proverbial 

wilderness. Until very recently no one had any 

idea if hotspots even existed in the ocean. At 

last, though, this is changing.

A rash of projects probing everything 

from life under the Arctic ice to the global 

movements of marine mammals is providing 

the information that conservationists badly

need. It is now clear that hotspots do exist even 

out in the open ocean. However, these are not 

quite like their counterparts on land. For a 

start, they do not necessarily stay in the same 

place. Places with the highest biodiversity 

may not be the best habitats for the species 

that live there. Meanwhile, some seemingly

inhospitable areas turn out to be thronging

with life. Hotspots at sea may be mercurial, 

but identifying them could revolutionise 

conservation in the way that it has on land.

It is two decades since Norman Myers at 

the University of Oxford came up with the 

concept of biodiversity hotspots. Since then, 

around 25 terrestrial hotspots have been 

identified as prime targets for conservation. 

In contrast, the first major marine biodiversity 

survey dates back just six years. Then, 

researchers led by Callum Roberts at the 

University of York in the UK looked at the 

global distribution of more than 3000 species 

of coral and reef animals. The team identified 

10 hotspots that cover just 15.8 per cent of 

The Red Sea is an obvious marine biodiversity hotspot, 

but identifying others has been difficult
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geographic ranges. The Baikal seal, for 

example, is found only in Lake Baikal, Russia, 

and the Caspian seal is endemic to the Caspian 

Sea. Gonzalez and Pompa describe these 

habitats as “irreplaceable sites” because they 

contain species that are found nowhere else.

Arctic sea monkeys
Such “coldspots” are already attracting 

interest among terrestrial conservationists, 

and it would appear they are crucial to ocean 

biodiversity too. That realisation highlights 

the fact that detailed knowledge is required 

to plan conservation efforts wisely. In 

recent years biologists have made concerted 

efforts to plug the massive holes in our 

understanding of marine environments, but 

some of their findings only serve to show how 

wrong our basic assumptions about marine 

ecosystems can be.

Take the ambitious Census of Marine Life, 

a 10-year project involving more than 80 

countries. In 2005, CoML researchers 

surveying the Arctic Ocean stunned 

colleagues when they reported finding 

thousands of specimens, including several 

that were new to science, under ice up to 

20 metres thick. These included the first Arctic 

octopuses and squid. It wasn’t just the variety 

that impressed. The researchers also found 

algae and microbes living deeper inside the 

sea ice than anyone had suspected. “This had 

not been taken into consideration when 

discussing the fate of sea ice biota in times of 

increased ice melt,” says team member Rolf 

Gradinger of the University of Alaska 

Fairbanks. It could mean these species are less 

vulnerable to melting than had been feared.

The team is now creating a database of life 

in the Arctic Ocean. Other CoML scientists, 

meanwhile, are focusing their efforts on 

Ballance points out that endemism is rare in 

cetaceans – a few species are confined to a 

single location, but most travel widely and 

migrate long distances across the oceans. For 

cetaceans the regions of highest biodiversity 

are in areas of marginal habitat for many 

species; oceanographic edges are also the 

edges of distribution for most species, which 

tend not to cross these boundaries. Ballance 

thinks this might reflect a wider pattern 

among animals that live in the open ocean. If 

she is right, conservationists have a problem, 

because by focusing protection efforts on 

biodiversity hotspots they could be neglecting 

the prime habitats for individual species.

This is not the only difficulty with 

hotspots. At the SMM meeting, Gerardo 

Gonzalez at the National Autonomous 

University of Mexico in Mexico City presented 

an initial, global analysis of the distribution of 

125 species of marine mammals. Even larger 

scale surveys will be essential in future if 

researchers hope to identify the areas of 

greatest overall biodiversity at sea. However, 

even this relatively small survey highlighted 

a problem. Gonzalez and his PhD student 

Sandra Pompa concluded that a conservation 

strategy focusing only on biodiversity 

hotspots for mammals would miss several 

species that are restricted to other, small 

nutrient at the base of the food chain – as well 

as prey fish, forming biological oases in the 

otherwise nutrient-poor open ocean.

Fish are not the only species drawn to such 

oceanographic “edges”. Marine mammals 

behave similarly, according to Lisa Ballance of 

the National Oceanic and Atmospheric 

Administration (NOAA) in La Jolla, California. 

At a meeting of the Society for Marine 

Mammalogy (SMM) in Cape Town, South 

Africa, last December she unveiled the most 

detailed map of their diversity and 

distribution to date, based on information 

gathered by NOAA research vessels operating 

in the eastern tropical Pacific between 1986 

and 2003. It covers 29 species of cetaceans 

over an area of more than 20 million square 

kilometres.

“When I went into this, I had no idea 

whether there would even be any hotspots, 

never mind where they might be,” says 

Ballance. Her team found three distinct 

regions where the density of cetaceans peaked 

significantly, and all were on edges. The Costa 

Rica Dome – an area to the west of the country 

measuring almost 200 kilometres north to 

south and 560 kilometres east to west – is in a 

region where the boundary between the warm 

surface water and the cold deep water is close 

to the sea surface, trapping nutrients near the 

top and making it an ideal place for plankton 

to congregate. A second hotspot of similar 

size, around the Galapagos Islands, is located 

on the equatorial front where the warm water 

masses of the northern and cool water masses 

of the southern hemispheres meet. The third, 

in the waters to the west and east of the Baja 

California peninsula in Mexico, is where the 

California current intersects with the 

equatorial countercurrent, and also has a 

high concentration of plankton. 

Having identified areas where cetaceans 

congregate, she wanted to see whether these 

coincided with areas of high overall 

biodiversity. She found that species richness 

hotspots were mostly located at the edges of 

areas with the greatest density of mammals. 

This contrasts sharply with the pattern on 

land, where the most biodiverse regions tend 

to be at the heart of density hotspots, because 

this is where many endemic species are found. 
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 “ Who’d have guessed that one of the biggest 
biodiversity hotspots would be in a region with 
such low nutrient concentrations?”
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different habitats, including seamounts – 

ocean-floor volcanoes that generate warmth

and nutrients, leading a wealth of species to 

congregate around them. This makes them an 

attractive prospect for commercial fishing, 

and the race is on to get to grips with 

seamount ecology and find out whether 

fishing can be compatible with conservation.

While distribution maps are being created 

for many ocean species, one key factor is 

missing: an evaluation of the degree of threat 

faced by each species. One group is now 

attempting to address this. The Global Marine 

Species Assessment (GMSA), a joint initiative 

of the International Union for Conservation of 

Nature and Conservation International, aims 

to take the findings of CoML and other surveys 

and do for ocean life what the Red List of 

Threatened Species has done on land. “The 

only way to seriously determine the 

conservation status of marine species is to 

apply the rigorous scientific methods of the 

Red List criteria,” says Kent Carpenter of Old 

Dominion University, Norfolk, Virginia, who 

heads GMSA. These criteria include 

population size, rate of decline, geographical 

distribution and the fragmentation of that 

distribution. Of the 43,000 plants and 

animals that have been assessed in this way to 

date, only about 1500 are marine species. The 

aim of the GMSA is to increase that figure to 

about 20,000 over the next five years.

It is early days, but the organisation has 

already assessed the health of the world’s 

groupers, showing that 20 of 162 species are 

threatened with extinction. Other reports are 

in the pipeline. One of the most important, 

due out in July, will be on corals, which are 

increasingly threatened by ocean acidification 

caused by global warming. For each of the 

species it considers, GMSA produces a 

distribution map. Ultimately, researchers will 

be able to overlay these maps to figure out not 

only where most species are located, but also 

where they are most threatened.

Five years ago, ocean conservationists were 

crying out for hard facts. Now that these are 

increasingly available, the full impact of 

fishing, pollution and other threats including 

global warming is becoming apparent. Worm’s 

study is a good example. Long line fishing 

records show that today’s ocean predator 

hotspots are only small relics of those that 

existed 50 years ago. Fishing has slashed the 

diversity of tuna, marlin and swordfish by half 

in that time.

Despite such dire findings, Roberts 

thinks there is reason to be optimistic about 

ocean conservation. “The solutions are 

straightforward and widely known,” he says. 

“We need to establish large-scale networks 

of marine reserves, we need to slash fishing 

effort for many species, we need to ban the 

most destructive fishing gears, we must adopt 

the best available technologies for reducing 

by-catch and we must dismantle the risk-

prone decision-making structures that leave 

the final decisions on how much to catch in 

the hands of politicians and industries.”

The main tool in ocean conservationists’ 

armoury is the marine protected area, where 

fishing and other human activity is banned or 

restricted. Today, MPAs cover only about 

1 per cent of the world’s oceans, but according 

to Roberts progress is being made towards 

a target of 10 per cent by 2012, agreed at the 

World Summit on Sustainable Development 

in 2002. This February, for example, Kiribati 

declared the world’s largest marine protected 

area, a 410,500 square kilometre region (about 

the size of California) that includes eight 

coral atolls, two submerged reef systems, 

seamounts and deep-sea tuna spawning 

grounds. Other MPAs are planned, and there 

is no doubt that a growing appreciation of 

marine hotspots will help.

Big challenges undoubtedly lie ahead, 

though. While individual nations can declare 

MPAs within their own exclusive economic 

zones, it will be more difficult to protect the 

high seas – a region covering half the planet. 

Still, moves are afoot to at least identify the 

prime contenders for protection. In the 

eastern Pacific, for example, migration 

corridors for the endangered leatherback 

turtle from nesting sites on the American 

coast out into the high seas are vital, but an 

MPA in this region would protect many other 

species too, including swordfish, tuna and 

several small cetaceans, says Roberts.

Another issue is that, because open ocean 

species can move more freely than terrestrial 

ones, some marine protected areas will need 

to be mobile. At least some of that movement 

is predictable as it coincides with well-

understood variability in currents and surface 

temperatures, such as those that occur during 

El Niño and La Niña events. Conservationists 

still need to know more about the details of 

shifting hotspots, but already there is a pilot 

study under way using mobile closed areas to 

protect spawning cod in the coastal waters of 

the Gulf of Maine. Roberts says movable MPAs 

are workable, and could even be updated daily, 

according to shifts in sea surface temperature. 

He believes we already know enough to create 

such areas on the high seas for species 

including sharks, tuna and turtles.

“I find this an incredibly important and 

exciting time,” Worm says. “We’re 

understanding the ocean like we never did 

before – and that obliges us to save the species 

we do now understand.”  �
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Marine Protected Areas such as the one in Kiribati 

(above) are a proven way of protecting threatened 

species such as bluefin tuna (left)
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� IT’S late at night. You’re all alone, 

walking home past the dimly lit park. 

You feel a sudden chill when you see 

them. Teenagers. They snigger as you pass, 

probably about the old lady they mugged that 

morning while skipping school. Kids today...

From shopping malls banning youths 

in hoodies to media coverage of the latest 

teenage stabbing or shooting, there is growing 

public concern over crime and antisocial 

behaviour among young people. Politicians 

and media commentators wrangle endlessly 

over whether the cause is single-parent 

families, binge drinking, TV, or simply society 

going to the dogs, but no one seems to know 

what to do about it.

Now a new generation of science is 

illuminating the debate. Aided by advances 

in brain imaging and molecular genetics, we 

are starting to unravel what goes wrong when 

kids go bad – and to developing new methods 

to nip teenage crime in the bud.

Worry over bad behaviour in teenagers is 

nothing new. In their 1995 book Psychosocial 

Disorders in Young People: Time trends and 

their causes, child psychiatrist Michael Rutter 

and criminologist David Smith documented 

a steady rise in youth crime following the 

second world war – averaging a fivefold

increase from 1950 to 1990 across most 

developed countries. 

More recent trends can be difficult to 

interpret, thanks to conflicting data sources 

and changes in the kinds of crimes recorded. 

The fact that the majority of crime goes 

unreported is also unhelpful. According 
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to official figures, crime in the UK dropped 

between 1992 and 1999, but when government 

researchers asked young men and women 

about their criminal activity they found an 

increase in crime during the same period for 

14 to 17-year-olds.

One thing that is clear is that crime is a 

largely teenage pursuit. Official statistics 

and government surveys from the US and UK 

suggest that the peak age for criminal activity 

is 17 to 18 for boys and 14 to 15 for girls (see 

Graph, p 40). But according to Terrie Moffitt 

at the Institute of Psychiatry in London, these 

figures only tell half the story. She argues 

that there are, in fact, two distinct types of 

teen criminal.

One very common type takes up petty 

crime in adolescence, drawn by the glamorous 

allure of badass friends. This group tends to 

outgrow crime by their early twenties. The 

other, more problematic, type starts showing 

signs of antisocial behaviour in kindergarten. 

These children, Moffitt says, have biological 

predispositions to behaviour problems 

which – if paired with the harsh environment 

of bad parenting, poverty or abuse – puts 

them at high risk of becoming lifelong 

violent criminals.

Much of Moffitt’s work in this area has 

been with the “Dunedin cohort” – 535 males 

and 502 females born in New Zealand in 1972 

and 1973 who were signed up at birth to the 

Dunedin Multidisciplinary Health and 

Development Study, run by the University 

of Otago in Dunedin. 

Combining the Dunedin data with other 

longitudinal studies, Moffitt found that both 

boys and girls who went on to become 

“lifelong” criminals were likely to have 

shown some kind of early-onset neurological 

impairment or difficult temperament early in 

life – as young as 3 years of age. These children 

tended to have low IQ, poor language skills, 

and especially a diagnosis of attention-deficit 

hyperactivity disorder. These problems are 

more common in boys than in girls, as is teen 

crime in general. This is also true of conduct 

disorder – a psychiatric disorder characterised 

by violence, cruelty to people and animals, 

and a tendency to break the rules.

Kids whose antisocial behaviours do not 

appear till later are certainly not to be ignored: 

  at the age of 26, many such individuals in the 

Dunedin group were still committing offences,  

and they were more likely to use drugs and 

suffer mental illness. Generally speaking, 

though, it is the early-onset group that 

represents the greater problem. This group 

accounted for 10 per cent of the Dunedin males, 

but by age 26 they had accrued almost half of 

the violent convictions for the entire cohort. 

So what’s different in kids who turn nasty 

early? Many of these cognitive and emotional 

traits are likely to have a strong genetic factor, 

says Moffitt. Indeed, decades of twin and 

adoption studies have shown that antisocial 

behaviour and criminality tend to run in 

families. In a 2005 literature review, Moffitt 

concluded that genetics account for about half 

of the variation in antisocial behaviour. 

In the mix
Cognitive deficits that predispose kids to 

violent crime may also be acquired in early 

life through poor nutrition, birth complications 

or low birth weight. Minor physical anomalies 

such as low-seated ears or furrowed tongues – 

which may be connected to poor neural 

development or damage − may also be a sign.

Thankfully, biology is by no means destiny. 

In 1994 Patricia Brennan at Emory University 

in Atlanta, Georgia, and her colleagues studied 

the interaction of birth complications and 

parenting in a cohort of Danish men. They 

found that while complications increase the 

risk of later criminal behaviour somewhat, 

maternal rejection in early life greatly 

increased the probability of violent offending 

at 18. “It’s not enough to just have the 

biology – you need the biology and another 

factor, like a poor social environment or poor 

parenting,” says Brennan. 

Now researchers are beginning to unravel

how specific genes and the social environment 

interact to produce changes in the brain that 

influence emotional control and violence in 

kids. One of the most exciting advances came 

in 2002, when Moffitt’s group focused on the 

gene for the enzyme monoamine oxidase A. 

Variants of MAO-A have been linked with 

aggression in both animals and humans: the 

enzyme breaks down neurotransmitters 

including serotonin – a key molecule in the 

regulation of aggression. The team looked at 

the interaction between MAO-A, criminality 

and abuse as a child – a known risk factor 

for future antisocial behaviour (  Science,

vol 297, p 851 ). 

Using blood samples taken from the 

Dunedin males, Moffitt’s team examined 

their MAO-A variants, dividing them into high 

and low enzyme-activity groups. Boys were 

also grouped according to their experience of 

maltreatment in childhood – 8 per cent of the 

boys had been severely abused as children and 

28 per cent were judged likely to have suffered 

some abuse.

They found that the variant of the MAO-A 

gene the boys carried did not, by itself, predict 

anything about future behaviour. But when

boys had the low-activity variant MAO-A and 

had also been abused, the result was striking. 

These boys were three times as likely to 

be diagnosed with conduct disorder in 

adolescence and 10 times as likely to have 

been convicted of a violent crime in 
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When kids go bad
Are some children destined to become lifelong violent criminals? 
Not if you catch them early, says Anna Gosline
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and guilt, and also score highly for thrill-

seeking, fearlessness and narcissism. They 

have normal IQ, are generally insensitive to 

punishment yet highly receptive to reward. 

Emotional defects lie at the core of their 

antisocial tendencies, says James Blair, an 

expert in psychopathy at the NIMH. Without 

proper processing of threat cues, it’s hard 

to spot dangerous situations, hence the 

fearlessness. Without understanding pain in 

others, it’s hard to avoid being cruel. “During

socialisation it’s critical to learn that some 

things lead to punishment, someone else’s 

fear or sadness, so you learn to avoid them.” 

But that type of learning seems impaired in 

psychopaths, says Blair. “So if they want 

something and punching someone in the face 

is the way to extract it, they might be more 

likely to engage in that kind of behaviour.”

This type of goal-oriented violence is 

characteristic of CU kids, says Paul Frick at the 

University of New Orleans in Louisiana. He 

estimates that about 30 per cent of early-onset 

antisocial kids show CU traits, and has found 

that that they are among the most likely to 

turn violent and stay that way. 

Again, the amygdala, plus some areas of 

the prefrontal cortex, may be to blame. This 

time, however, the problem is not overactivity 

but the opposite. Brain imaging studies in 

adult psychopaths reveal diminished activity 

in the amygdala and areas of the prefrontal 

cortex in fearful situations and when asked 

to recall emotional memories. Research is 

ongoing to discover if these findings also 

apply to high-CU children.

Genetics plays an even bigger role in CU 

kids than in other antisocial behaviours. In 

a 2005 study of 7-year-old British twins, Essi 

Viding at the Institute of Psychiatry in London 

amygdala – an area of the brain central to 

emotional processing, fear and the fight-or-

flight response. When matching photographs 

of angry and fearful faces, and also when 

recalling negative memories, individuals with 

the low-activity gene showed both elevated 

levels of amygdala activity and lower activity 

in areas of the prefrontal cortex that regulate 

the amygdala’s response to such stimuli 

(Proceedings of the National Academy of 

Sciences, vol 13, p 6269 ). 

While these results offer support for a 

combinatory effect of MAO-A variants and 

child abuse on the potential for kids to show 

reactive violence, co-author Ahmad Hariri at 

the University of Pittsburgh, Pennsylvania, 

warns that it is still a leap from brain imaging 

to real-world behaviour. “You are not going to 

be able to measure someone’s amygdala 

reactivity and then predict whether they are 

going to punch someone in the face on the 

playground when they get upset,” he says.

Another problem is that there is a subset 

of kids with “early-onset” antisocial behaviour 

who don’t react emotionally at all. In tests, this 

group scores high for callous and unemotional 

(CU) traits – a component of the diagnosis for 

adult psychopathy. These kids lack empathy 

adulthood compared with boys of the same 

genotype who had not been abused. Boys with 

the high-activity variant seemed all but 

insulated from the effects of childhood 

abuse – in terms of antisocial behaviour – as 

there was little difference between abused 

boys and those who had not been abused.

One explanation for this interaction is that 

both early abuse and the gene for low-activity 

MAO-A seem to heighten emotional arousal 

and reactivity in children. In psychological 

tests in 2002, Seth Pollak at the University of 

Madison-Wisconsin showed that abused 

9-year-olds were far quicker to spot anger and 

hostility in faces compared to kids who had 

not been maltreated. While this threat-primed 

outlook may help children adapt to a life filled 

with danger and deprivation, it may also lead 

to heightened levels of reactive or impulsive 

violence, as anxious children lash out to 

defend themselves against perceived hostility 

in others.

Similarly, in 2006, Andreas Meyer-

Lindenberg of the National Institute of Mental 

Health (NIMH) in Bethesda, Maryland, used 

fMRI scans of the brain to show that in healthy 

people, those carrying the low-activity MAO-A 

enzyme had higher levels of activity in the 
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“You can’t measure brain 
activity and predict whether 
they will punch someone”
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estimated that 67 per cent of the variation in 

CU traits can be explained genetically. 

Extreme antisocial behaviour in kids without 

CU traits had a heritability of just 30 per cent. 

In fact, Blair says that CU traits have no 

known social causes and show a far weaker 

connection with poor parenting, or even

abuse. This is not to say that social forces play 

no role. Poverty, for example may provide a 

motive for antisocial crime. “Psychopathy is 

just an emotional problem – it doesn’t push 

you to do anything unless there are obvious 

rewards to antisocial behaviour,” says Blair.

Understanding whether a child is 

hyperemotional, or callous and unemotional, 

allows psychologists to identify high-risk 

www.newscientist.com/channel/being-human/teenagers

children early and to intervene with tailored 

treatments before the child gets tangled up in 

crime. “It is a huge difference from 20 years 

ago when it was just general therapy and 

counselling, then waiting a few months to see 

if they got better,” says Stephen Scott at the 

Institute of Psychiatry.

Improving parenting is among the main 

tools in this new approach to antisocial 

behaviour. In kids with a genetic predisposition 

to bad behaviour or social risk factors like 

poverty, good parenting can make all the 

difference. In 2001 Scott tested a three-month 

parenting class that taught the importance 

of praising good behaviour, and consistently 

and calmly punishing bad behaviour. Parents 

reported significantly fewer conduct problems 

and, even with no further instruction, the 

improvements remained a year later.

For CU kids the strategy is slightly 

different. In 2005, David Hawes and Mark 

Dadds at the University of New South Wales 

in Sydney, Australia, tested a similar parenting 

programme on boys aged 4 to 8, some of 

whom had CU traits. Punishments proved 

ineffective for the CU kids but using praise 

as a reward worked well, although CU boys 

improved less overall. 

No matter what the intervention, the clear 

message from all researchers is “the earlier 

the better”. While programmes for teenagers 

have met with some success, manipulating 

behaviour in children under 8 years of age 

is clearly more effective.

 Indeed, some of the most successful 

strategies begin even before kids are born. 

In 1998 David Olds at the University of 

Colorado reported on the 15-year follow-up 

of 315 children born between 1978 and 1980 

in New York state. Mothers in the treatment 

group received a monthly home nurse visit 

throughout pregnancy and until the child’s 

second birthday, focusing on positive 

childcare, nutrition and the mother’s personal 

development. Among the poor and single 

mothers, the results were dramatic: at age 

15, their kids had racked up only half the 

number of arrests and one-fifth the number 

of convictions. The children also smoked and 

drank less and had fewer sexual partners than 

those from untreated families. 

These kinds of interventions don’t come 

cheap, but neither do the health effects of a 

life of crime. The latest report from the 

Dunedin cohort showed that at age 32, men in 

the persistent high-crime group were 10 times 

as likely to be smokers, 22 times as likely to be 

drug dependent, and 19 times as likely to be 

hospitalised for mental illness as the low-

crime groups. They were also at greater risk 

of heart disease and stroke. Both men and 

women in the high-crime group were more 

likely to abuse their partners and the women 

were especially likely to hit their own children, 

potentially setting them along the same path. 

Now with the tools to spot problem kids early 

and give the right kind of help, we have the 

power to  break the vicious circle. 

Kids today... They’ve got to be worth it.  �

Anna Gosline is a science writer based in Vancouver, 

British Columbia, Canada

www.newscientist.com 12 April 2008 | NewScientist | 41

Peer pressure can draw teenagers into crime, but some 

kids show signs of antisocial behaviour much earlier
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Interview

Is it true you used to live in your office?

Yes it is. I lived there for half of the 1980s and 
most of the 1990s. 

What made you do that?

It was convenient and cheap. To walk home 
to another place when I was sleepy was a very 
bad thing: first of all, if I was sleepy, it might 
take a couple of hours before I could get it 
together to put on my coat and my shoes and 
so on. And after that, walking home would 
wake me up, so when I got home I wouldn’t go 
to sleep either. It was so much better to just be 
able to go to sleep where I was. 

What does “hacker” mean to you?

A hacker is someone who enjoys playful 
cleverness. I know many people think it 
means security breaker, but since “hacker” 
is what we call ourselves in my community, 
I won’t accept a derogatory meaning. If you 
want to refer to security breakers you should 
call them “crackers”. You can be a hacker in a 
lot of different media, it doesn’t have to be 
with computers. At the Massachusetts 
Institute of Technology there’s an old 
tradition in which people “hack” buildings 
and public spaces, by putting up   the famous 
“Nerd Crossing” road sign , for example. 
It didn’t involve breaking any security and it 
was playful and clever.

On playfulness, when did you start saying “happy 

hacking” as an alternative to goodbye?

At some point in the 1970s. I wanted some way 

to say goodbye and give good wishes to other 
hackers and happy hacking seemed like a good 
way to do it. It became a habit. 

When did you make the leap from hacker 

to activist?

It happened in 1983 when I started the free 
software movement. I decided I wanted to 
use computers and also to have freedom.

What is the free software movement all about?

It starts with a desire for freedom. I want to 
use a computer and not have someone else 
control what I do on it. And I want to be free to 
share with you. That means I cannot use the 
proprietary software that came with most 
computers in the 1980s. Proprietary software 
keeps users divided and helpless: divided 
because they are forbidden to share it and 
helpless because they don’t have the source 
code. So the developer decides what the 
software does and the user has no say.

To change that state of affairs, I wrote the 
GNU operating system. The GNU General 
Public License ensures that every user of the 

operating system receives, along with the 
software, four essential freedoms: the 
freedom to run the program as they wish; 
the freedom to share the software with their 
friends and neighbours; the freedom to 
modify the program so it does what they wish; 
and the freedom to distribute their modified 
copies to others.

When   the Linux component  was added to 
the GNU system, it became a complete, free 
operating system and people really began to 
use it. They discovered certain convenient 

advantages, too. It was powerful and reliable, 
and of course you didn’t have to pay for 
permission to run it, which is a rather 
superficial advantage, but was important 
to many people.

How widely has it been taken up?

The GNU/Linux system has become quite 
popular, though concern for freedom has not 
spread as much as use of the system itself. 
A lot of people ended up having freedom but 
not knowing what it was. When people have 
freedom and don’t appreciate it, they’re likely 
to lose it. For example, in the mid-1990s, some 
distributors of GNU/Linux – of which there 
were already quite a few – started adding 

Freedom fighter

“I slept in my office for 
half of the 1980s and 
most of the 1990s”

One of the founding fathers of “free software” and an esteemed elder of the 
hacking community, Richard Stallman has made defending people’s 
freedoms his life’s work. That usually means supplying hackers with software 
and attacking copyright law. But as he tells Michael Reilly, his advocacy of 
personal freedoms extends to the protection of true democracy and of the 
human rights increasingly being trampled on in the US and elsewhere

Photography: Mike McGregor
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Profile
Richard Stallman left MIT’s Artificial Intelligence Laboratory 
in 1984 to develop the GNU operating system, designed to 
consist entirely of free software. He has been the project’s 
leader ever since and has dedicated his life to advocating 
the use of free software and campaigning against software 
patents and restrictive copyright laws.
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Interview

proprietary  programs and saying, “Look what 
we give you!” They were essentially spreading 
the message that non-free programs were 
good. That is not the way to communicate the 
idea that freedom is important. It illustrates 
how not thinking about freedom has 
practical consequences.

You’re concerned about the loss of all kinds of 

freedoms. Is this why you supported Dennis 

Kucinich’s campaign to become the Democratic 

presidential nominee?

I supported his policies of restoring human 
rights of various sorts, such as habeas corpus, 
which has been partly dismantled in the US. 
President Bush has obtained the power to 
imprison foreigners just by calling them 
“enemy combatants”. Kucinich also supports 
an end to torture, and to wars of aggression. 
He would have ended the occupation of Iraq.

What is the number one issue facing the world?

Free software is not the number one issue, but 
it’s the one where I saw how to do some good. 
I think there are two vital issues. One is global 
warming and the environment. The other is 
human rights democracy, and taking the 

political power away from business. The only 
way to restore real democracy is to end the 
political power of business.

How do we do that?

Its grip is so strong, I don’t know how to 
overthrow it. I can only say that it must be 
done. People take for granted that business 
will have great political power, but as long 
as that holds true, we don’t really 
have democracy.

Are there any politicians who share this view?

The president of Ecuador, Rafael Correa, 
really supports democracy. He is also firmly 
in favour of free software. I explained it to him 
in person and he saw that it makes sense, both 
practically and ethically . He is a former 
economics professor. He’s kicking out the 
power of the US and the corporate empire and 
has refused to sign a trade treaty with the US. 
And when the treaty over the US military base 
there expires, he will not renew it.

Your belief in free software also extends to 

reforming copyright law. How would you 

do that?

With compromised copyright. People should 
be free to redistribute exact copies of virtually 
anything – movies, CDs – to friends and 
strangers for non-commercial purposes. 
Other uses should still be covered 
by copyright. 

Movie studios wouldn’t make all the 
money they currently do, but they would still 
make a substantial fraction. If they did less 
advertising, or they made movies that didn’t 
focus on special effects, or waited a few years 
until special effects became cheaper, then 
they could get by.

Wouldn’t that mean jobs would be lost in the 

special effects industry?

I don’t care about that. By comparison with an 
important freedom, that’s nothing. Besides, 
money circulates in the economy and if it 
doesn’t go there it’ll go somewhere else.

Are you optimistic that people will become more 

in tune with using free software and with freedom 

in general?

I’m a pessimist by nature. But so many 
surprising things have happened that I don’t 
think I know what’s going to happen 10 years 
from now. I’d rather just admit ignorance.  �
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Software’s like a magic penny, hold it tight and you won’t 
have any, lend it spend it and you’ll have so many...

“By comparison with 
an important freedom, 
lost jobs are nothing”



OPPONENTS called it an ugly place , suitable 

chiefly for copper mining, yet in 1908 President 

Roosevelt designated the Grand Canyon a 

national monument. Today, the protection of 

the less-famous Arctic Wildlife Refuge in Alaska 

is not so assured. The US Congress has long 

debated oil and gas exploration there, and as 

Arctic ice melts, pressure to drill is mounting.

Against this backdrop, Subhankar Banerjee’s 

photographs of the refuge, exhibited across the 

US between 2003 and 2006, have made an 

impact. His irresistible images of a polar bear 

and its newborn cubs, displayed in the Senate, 

helped to turn a narrow vote against the Bush 

administration, which then pressured the 

Smithsonian Museum to downgrade Banerjee’s 

exhibition. Now he returns to the fray with a 

new show, called Resource Wars, at Sundaram 

Tagore Gallery in New York, in which these 

migrating Alaskan caribou take centre stage.

The photograph shows pregnant female 

caribou crossing a frozen river on the way to 

the coastal plain for calving. They make one 

of the longest migrations of any land animal, 

with some individuals travelling more than 

4500 kilometres in a year. As a result of climate 

change, their numbers have declined by 

3.5 per cent per year since 1989. 

Born in India, Banerjee is a former physicist 

and computer scientist who gave up a well-

paid job in Seattle to pursue Arctic photography 

and conservation. Naturalist Peter Matthiessen, 

his collaborator on three gruelling expeditions, 

calls him “a scientist by profession but an artist 

at heart”. He also quotes Banerjee’s friend, an 

Inupiat hunter: “That young feller from tropical 

India was ready and willing to go out in weather 

when even us Eskimos would much rather stay 

home.” The result is a sensational but also 

subtle blend of adventure, science and art. 

See more of Banerjee's photographs at 

  www.subhankarbanerjee.org .

Andrew Robinson is the author of Earthshock and 

The Story of Measurement

The treasures 
of the Arctic

Caribou Migration I, 2002 by Subhankar Banerjee

Resource Wars 

by Subhankar Banerjee 
Sundaram Tagore Gallery, New York
25 March to 19 April
Reviewed by Andrew Robinson

Review
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Review

� THE highly controversial 
documentary Expelled: No 

intelligence allowed, is full of 
surprises, not least of which are 
endless clips of Nazis from the 
second world war.

Nazis? What have Nazis to do 
with a film about the “conflict” 
between evolution and intelligent 
design? Everything, apparently. 
The film-makers’ logic is that by 
teaching evolution, the US public 
school system is telling children 
that there is no God, morality or 
free will. And this can lead to only 
one thing: Holocaust. 

But fear not, Ben Stein is here. 
Those who love 1980s teen cult 
films will remember him as the 
monotone economics teacher 
in Ferris Bueller’s Day Off. Stein 
was also a game-show host and 
speech-writer for Richard Nixon. 
Even more oddly, Stein, a Jew, is 

now a shining star among 
evangelical Christians who argue 
that intelligent design (ID) is a 
scientific theory. Maybe the film-
makers thought they would get 
away with problematic references 
to the Holocaust if the narrator 
was Jewish.

Expelled is pure propaganda, 
its style reminiscent of a sub-
standard Michael Moore flick 
complete with voice-over 
narration and lots of aimless 
wandering around. Its selling 
point is that academic freedom 
in the US is threatened by a vast 
conspiracy of atheist scientists, 
hypnotised by what Stein labels 
in the film the “Darwinian gospel” . 
Supporters of ID are fired from 
their institutions or denied tenure, 
the film argues, while journalists 
who report on ID are silenced or 
shunned. This is an old trick. 

By claiming their views are 
suppressed, proponents of ID 
hope to be protected from 
criticism. When someone argues 
that ID is bogus, all they need do 
is yell: “See? Suppression!”

But why worry about such 
a silly movie, which makes absurd 
claims about threats to academic 
freedom? Could it really affect the 
public perception of evolution or 
ID? Just possibly – and here’s how.

For starters, the film will open 
on 1000 screens in the US, a lot 
for a niche documentary. Michael 
Moore’s Fahrenheit 9/11 opened 
on 870 screens, while Al Gore’s
An Inconvenient Truth opened on 
just four. Then there’s the Stein 
effect. Most Americans know 
Stein from his Bueller days, not 
as a creationist. There’s a good 
chance many who have not given

the ID issue much thought will be 
drawn in unsuspectingly. 

But perhaps the biggest way 
in which the movie seeks to 
manipulate – and one to which we 
are all vulnerable – is by appealing 
to raw emotion. Consider Stein’s 
interview with biologist Richard 

Dawkins. Dawkins is shown in the 
make-up chair, a move calculated 
to demean since surely everyone 
else, including Stein, is powder-
puffed off-camera. The interview 
itself, accompanied by foreboding 
music, is shot in a low-lit room 
using sinister camera angles. 

Later, Stein wanders through 
the Dachau concentration camp , 
face in hands, bemoaning the 
nightmare he claims Darwin 
wrought. At the end, Stein walks 
alongside the Berlin wall: cue 
footage of people tearing it 
down plus triumphal music. 
Even the wary might feel the 
urge to start cheering.

For the converted, a DVD for 
“teachers, parents and faith 
leaders” accompanies the film. 
Included is a weblink to the 
Seattle-based Discovery Institute, 
leading champion and financial 
backer of the ID movement. One 
of Expelled’s producers, Mark 
Mathis,  insists there are no ties 
to the institute, but is coy about 
where the $3.5 million of funds for 
the film came from. Interestingly, 
the institute has teamed up with 
Motive Marketing, marketers of 
Expelled, to promote a bill they 
have named the Academic 
Freedom Statute on Evolution . If 
passed, it would protect teachers 
from any negative consequences 
of expressing anti-evolution views 
in the classroom. 

This seems to be the next step 
in sneaking ID into schools after 
the Kitzmiller vs Dover case saw 
the compulsory teaching of ID 
ruled unconstitutional in 2005. 
Last month, a press conference 
held by the Discovery Institute 
to promote the proposed bill 
included a screening of Expelled.

Ultimately, the Discovery 
Institute’s support may be the 
film’s undoing. The institute has 
argued long and hard that ID is 
not about religion, yet in the film 
the connections are explicit. If 
challenged on this, the institute 
may have to distance itself from 
the film, discrediting Expelled in 
the process. �

WARNING! THEY’VE 
GOT DESIGNS ON YOU

Expelled: No intelligence allowed, directed by Nathan Frankowski, written by Kevin Miller and Ben Stein; on release 18 April (US)

“The film manipulates 
by appealing to
raw emotion” 
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Will movie-goers be seduced by a documentary which 
claims that Darwin’s theories set us on the road to genocide? 
Amanda Gefter is concerned

Narrator Ben Stein gazes at a statue of 
Darwin, more in sorrow than in anger
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technological change, such as 
the ability to travel in time.

Schmidt does an excellent 
job of highlighting how all sorts 
of technologies have historically 
converged to create new and 
unanticipated possibilities. 
The convergence of X-rays and 
computers, for instance, spawned 
3D medical scanners, while 
computers in combination 
with phone networks gave us 
the internet. 

But convergence can also 
lead to disaster. The ability to 
construct tall buildings in which 
large numbers of people are 
concentrated, plus the technology
behind mass air transport, which 
packs a large amount of chemical 
and kinetic energy in a passenger 
plane, could be said to have paved
the way for the tragedies of 9/11. 

Future convergence, however, 

Thinking big
The Music of Pythagoras
by Kitty Ferguson, Walker & Company, 
$26.95, ISBN 9780802716316
Reviewed by Ben Longstaff

EINSTEIN said the 
biggest mystery 
of the world was 
that it should be 
comprehensible 
at all. Nearly 25 
centuries earlier, 
Pythagoras hit 

on much the same revelation, 
awestruck that the pleasing 
harmonies of the lyre should 
have their foundation in 
numbers. It was the dawn of the 
idea that we could make sense 
of the universe. This detailed 
 biography of Pythagoras is an 
account both of the man and his 
legacy (that’s not just triangles). 
The story is a many-layered 
palimpsest that Ferguson 
expertly deciphers. How many
of today’s thinkers will be so 
lauded in the 45th century?

Grow with the flow
Tree of Rivers: The story of the Amazon
by John Hemming, Thames & Hudson, 
£20/$39.95, ISBN 9780500514016
Reviewed by Adrian Barnett

BRITISH explorer 
and Amazon 
aficionado John
Hemming steers 
us through a 
history of the 
world’s greatest 

river basin. It’s a narrative rich
in extraordinary characters 
and events. Whether describing 
pre-conquest civilisations, the 
barbarity of the arriving 
westerners, or contrasting the 
rubber-era city opulence with 
the genocidal horrors 
accompanying rubber’s 
extraction, Hemming’s empathy 
and admiration for Amazonia’s 
indigenous peoples shines 
through. The book is a tour 
de force, nearly as rich and 
fascinating as the place itself. 

will be even more dramatic. 
Schmidt’s central thesis is that 
scores of technologies are poised 
to merge all at once. Some, such 
as nanotechnology, with its 
promise of machines the size of 
human cells, have the potential 
to interact with almost every 
other technology. And there 
may be technologies we have 
not anticipated at all. Every 
science-fiction writer missed 
what some argue was the key 
technological development of all 
time: the advent of miniaturised 
solid-state electronics. 

The coming mega-convergence 
could be good or catastrophic. 
Schmidt urges people to be 
educated in multiple disciplines 
so that we can take control of the 
converging technologies, instead 
of letting them take control of us. 

The latter is a scary thought. 
Schmidt speculates on the   “Fermi 
paradox” : if the probability that 
extraterrestrials have developed
in our galaxy is as high as 
scientists believe, why haven’t 
we met them yet? He wonders 
whether the increasing capacity 
for technology to harm large 
numbers of people means that 
every alien society will inevitably 
be wiped out. Could the same 
thing happen to us? The spread of 
technologies “indistinguishable 
from magic” – mobile phones, 
computers, etc – combined with 
the shrinking pool of people who
understand how they work may 
be a recipe for disaster. 

The convergence of multiple 
technologies may not be our 
biggest worry. There’s also the 
convergence of individual 
technologies with human greed 
and stupidity. We may be undone 
simply by the fact that we wield 
technologies of awesome power, 
yet are ruled by evolutionary 
impulses more suited to the 
African savannah of our forebears 
than to the high-tech playground 
of the 21st century.  �

The Coming Convergence
by Stanley Schmidt, Prometheus Books, 
$27.95, ISBN 9781591026136

WHEN it comes to technological 
revolution, we ain’t seen nothing 
yet. In   The Coming Convergence ,
  Stanley Schmidt , former editor 
of the science-fiction magazine 
Analog , goes beyond this truism 
and attempts to anticipate the 
revolutions of the future by 
studying those of the past.

The key, says Schmidt, is to 
look at how disparate technologies 
have converged in unexpected 
ways. This may seem self-evident, 
but generations of science-fiction 
writers have nevertheless missed 
it. Their stories invariably examine 
the societal effects of a single 
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“Will technology 
inevitably wipe out 
every alien society?”

TECHNOLOGICAL 
TIME BOMB
In one vision of the future a multitude of new technologies 
merge in surprising ways, says Marcus Chown. This could be 
great – or catastrophic
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Humanity could go into the red 
as technologies converge



Enigma
Even digit squares
No. 1489 Richard England

HARRY, Tom and I were looking to find 
5-digit perfect squares that used only even 
digits. 0 counted as an even digit but could 

not be used as a leading digit or a final digit. 
We each found a different set of three 

such squares, and in each of our sets each 
of the five even digits was used a different 
number of times. 

My set had two squares in common with 
Harry’s set and two squares in common with 

Tom’s set. What were the three squares in 
my set? 

£15 will be awarded to the sender of the first 
correct answer opened on 14 May. The Editor’s
decision is final. Please send entries to 
Enigma 1489, New Scientist, 84 Theobald’s 

Road, London WC1X 8NS, or to enigma@
newscientist.com (please include your 
postal address). The winner of Enigma 1483 
is Dom Stockford of Radstock, Somerset, UK.

Answer to 1483 Almost the same digits
The amount in old money is 15s 7½d

Commentary

IN ONE of those accidental 
juxtapositions that make life 
interesting, in the same week 
I went from co-moderating a 
seminar on science and religion 
with a leader of the John 
Templeton Foundation, which 
funds research that aims to 
connect science and religion, 
to sharing a platform with 
Richard Dawkins at the annual 
conference of the American 
Atheists organisation.

These events got me thinking 
about the “culture wars” I had 
heard much about from my 
co-moderator. He used a term 
I have only heard over the past 
two to three years: “scientism”. 
It is often used pejoratively to 

describe a philosophical position 
that extends beyond the simple 
presumption of science that 
empirically verifiable physical 
effects have physical causes, to 
the more expansive claim that 
the empirical world reflects all of 
reality. It includes, by inference, 
the idea that because there is no 
evidence for either divine 
purpose or spiritual direction 
these do not exist. 

These perceptions cause 
much of the strong reaction 
against the scientific community 
by even those who, like my 
co-moderator, are not religious 
fundamentalists . Presuming that 
all scientists advocate scientism 
also makes it easier for those 

who fear that science might 
undermine their faith to attack 
the basis of the scientific process. 

In response, a participant in 
the seminar used the term 
“religionism”, which describes the 
philosophical position that God 
exists and therefore all progress 
in science, and everything else for 
that matter, must be interpreted 
in light of this reality.

Neither position accurately 
reflects the real relationship 
between science and religion, 
which, I believe, is really rather 
minimal. I once spoke at the 
Pontifical Academy of Science  
in the Vatican to a meeting that 
included theologians, biologists 
and cosmologists. I was 
discussing cosmology and I said, 
partly to be provocative, but also 
because it was true, that the 
theologians had to listen to me, 
but I didn’t have to listen to them. 
Indeed, for modern theology to 
make any sense, it must take into 
account what we have found to be 
true about the physical universe. 
But as a cosmologist, theological 
revelations are irrelevant. 

I recall physicist Steven 
Weinberg saying: “Most scientists 
don’t think enough about god to 
be called atheists.” This is why I 
am less concerned about so-called 
scientism than about religionism. 
I believe that an inclination 
towards the latter damages the 
reputation of the Templeton 
Foundation among scientists. 

“The real relationship 
between science and 
religion is, I believe, 
rather minimal”

From scientism 
to religionism

World lines  Lawrence Krauss
While the organisation may 
support credible scientists – at 
least in cosmology, the area I am 
most familiar with – and does not 
censor them, its choice of topics 
explicitly expresses a mission 
rooted in the premise that these 
investigations will aid our 
understanding of the “holy 
spirit”. When scientists take 
research money from Templeton, 
they should expect their research 
will ultimately be publicised as 
enhancing the foundation’s 
spiritual mission. 

As Sidney Coleman, a 
physicist at Harvard University, 
commented, the Ford Foundation 
doesn’t only fund  projects that 
might imply Fords are better cars , 
and one should beware of taking 
money from organisations that 
behave otherwise. If Templeton 
could approach supporting 
science without the explicit 
suggestion that it will reveal 
divine purpose in nature, it could 
become a far more useful backer 
of fundamental research.

As for the atheists, I couldn’t 
help wondering why one needs 
to be so proud of not believing 
in God. Einstein once argued 
that this is an overreaction to 
the oppressive anti-atheism 
prevalent in society, but 
nevertheless, from a scientific 
perspective the presumption 
of God’s non-existence seems to 
add little or nothing to the issues 
at hand. 

Indeed, throughout the week, 
in both settings, Wolfgang Pauli’s 
famous sentiment about science 
came to mind: if an idea does not 
yet rise to the level of “even being 
wrong”, then it isn’t worth going 
to the blackboard to debate it.  ●
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TWO years ago, Eduardo Ferreira was studying 

the microbiology of cancer cells in São Paulo, 

Brazil. Today he is in China, helping to counter 

climate change. He is working for an Oxford-

based non-profit company which sells carbon 

offsets by organising the distribution of 

cooking stoves that burn biofuel. Ferreira is one 

of tens of thousands of scientists from all fields 

who are joining the fight to reduce greenhouse 

gas emissions – and in which British 

organisations like Climate Care, Ferreira’s 

employer, are among the biggest players.

He is overseeing the production and 

subsidised sale of thousands of biomass 

stoves that can replace traditional coal-

burning stoves across rural China. He is also 

calculating the carbon emissions that are 

saved by the switch to a renewable fuel, so that 

with UN accreditation his employer can sell 

the offsets back in the UK. Individuals and 

corporations alike are queuing to buy carbon 

offsets from Climate Care, so the pressure is 

on to deliver projects.

Ferreira is proud that he is helping the 

Chinese, too. “The new stoves not only reduce 

greenhouse gas emissions, they also improve 

the livelihoods of rural families by reducing 

the money they spend on fuel,” he says.

Some commentators say that basic 

research into climate change – whether the 

world’s climate is changing or not, and who is 

to blame if it is – is over. The perception is that 

the real challenge for science is to help to 

develop the technologies – from civil 

engineering to crop breeding – that will 

be needed to protect the world against it.

Yet not everyone agrees that the heroic 

days of basic climate research are over. Dave 

Reay, a young lecturer on greenhouse gases at 

the University of Edinburgh, agrees that the 

world knows enough to take action to tackle 

climate change, but that “the uncertainties in 

climate projections remain large”.

That is why Reay spends his days 

measuring emissions of the greenhouse gas 

methane from drainage ditches, fields, forests 

and oceans. “At one of our sites in the Scottish 

borders, my researchers and I have built large 

tunnels like those for growing lettuces,” he 

says. “We cover them with huge reflective 

blankets and then fire a laser down them 

to measure how much methane is produced 

by the soils.”

Reay explains that his research could help 

uncover hidden “tipping points” for climate 

change, addressing fears that, as the world 

warms, the release of methane from natural 

ecosystems could drastically accelerate the 

pace of climate change. Reay says that anyone 

who investigates the basic science of climate 

change will still have plenty of vital work to 

do. Our current ignorance “could mean we 

have vastly underestimated the impacts of 

warming. Alternatively, it could help show 

that the rate of climate change during the 

21st century will slow.” 

Brian Hoskins, director of the Grantham 

Institute for Climate Change at the University 

of Reading and one of the UK’s most senior 

climatologists, agrees that basic research is 

still vital. “We need to look at whether the 

ocean and land surface are going to absorb as 

much carbon as they have in the past – that is 

crucial,” he says. 
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Making a 
difference
Fred Pearce discovers just how in demand scientists’ skills are 
in the ever-expanding world of climate change research

Science, work and business

The insiderClimate change
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Predicting where floods will occur on a local level 

 is a challenge facing today’s climate scientists
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This basic research into how the planet will 

respond to global warming is an area where 

British scientists have blazed a trail. For 

instance, researchers at the Met Office’s 

Hadley Centre  in Exeter run one of the world’s 

premier climate models, and have predicted 

that the Amazon rainforest could die off later 

this century. “That would be crucial to the 

impact of climate change,” says Hoskins. 

The extra carbon emitted   by the loss of the 

rainforest would accelerate warming. But 

other prestigious models do not make the 

same prediction . A priority for British climate 

scientists is to find out which theory is right.

Whatever the answer, it is becoming clear 

that basic research into global warming is 

morphing into a broader study of how the 

planet’s life-support systems, such as the 

carbon cycle, work. This discipline is 

sometimes called Earth systems science or, 

more romantically, the Gaia hypothesis – an 

idea developed by the maverick British 

inventor and scientist James Lovelock, which 

sees the Earth as a single functioning entity, 

almost like a living organism.

“In politics and the media, climate change 

is being pigeon-holed as a single issue,” says 

Tim Lenton, a professor of Earth systems 

analysis at the University of East Anglia in 

Norwich. “But it is just one aspect of a much 

broader global change. We are profoundly 

altering that larger system, which we depend 

on but which does not depend on us, and we 

are altering it at our own peril.”

Enthralling though the big Gaian picture 

is, many more climate modellers today are 

engaged at the other end of the scale – trying 

to make sense of how climate change will 

impact on particular places at particular 

times. They are following the 

environmentalists’ edict to “think globally, act 

locally”. As Hoskins puts it: “We’ve worked out 

that on the global scale we’re performing a 

very dangerous experiment with the climate 

system, but that’s the easy part. We don’t yet 

understand the effect on a smaller scale. The 

pressure is on for answers, and we can’t wait 

around for decades.”

The Met Office is particularly active in 

developing new kinds of climate forecasts, 

including 10-year predictions, which it 

Visit www.newscientistjobs.com for the latest careers 

news and trends
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“The pressure is on for 
answers. We can’t wait 
around for decades”



believes are more accurate and useful than 

longer-term projections. Meanwhile in the 

service sector, major infrastructure service 

providers are calling on scientists to provide 

forecasts of climate change tailored to meet 

their needs. Water companies, for example, 

need to know how rainfall patterns are 

expected to change.

A leading player in this area is the UK 

Climate Impacts Programme (UKCIP), a 

government body based at the University of 

Oxford. It collates forecasts on future climate 

change in the UK, and helps public and private 

organisations plan how they will adapt. 

Another major British employer of climate-

change scientists is the Environment Agency, 

which has responsibility for protecting the UK 

against floods and overseeing crucial services 

such as water supply and waste disposal.

But potential forecasters beware: many 

scientists worry about how accurate these 

kinds of predictions can ever be. Lenton 

thinks that local changes are inherently 

unpredictable. “There is a widespread 

misconception that climate change can be 

predicted down to a regional or even local 

scale,” he says. Lenny Smith, a statistician 

and climate modeller at the London School 

of Economics, agrees: “Our models are being 

over-interpreted and misinterpreted. They are 

getting better, but we need to drop the 

pretence that they are nearly perfect.”

Improving models of climate change is 

clearly important, but academic research in 

British universities is also moving into other 

fields, especially into developing energy 

technologies. Again, we have a good track 

record: the first devices for harnessing wave 

power to generate electricity came from 

Stephen Salter, now professor of engineering 

design at the University of Edinburgh, whose 

invention is known as Salter’s duck.

Scottish scientists are also taking a leading 

role in researching the potential of capturing 

carbon dioxide emissions as they exit the 

stack of power stations and burying the 

liquefied gas underground – for instance, in 

exhausted oil wells beneath the North Sea. 
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 UK in the box seat
British scientists are world leaders 

in climate-change research.

� Scientists at the University of East 

Anglia pioneered the assembly of 

global temperature data that first 

revealed that the Earth was 

warming.

� The climate model run by the 

Hadley Centre at the Met Office in 

Exeter is one of the world’s top four. 

� After discovering the ozone hole 

20 years ago, researchers at the 

British Antarctic Survey are 

currently making alarming forecasts 

about the state of the West Antarctic 

ice sheet.

� British maverick scientist James 

Lovelock developed the Gaia 

hypothesis with his US colleague 

Lynn Margulis. It has become a 

touchstone for the new discipline 

of Earth systems science.

� The British economist Nicholas 

Stern made an important 

breakthrough in explaining the 

importance of climate change to 

economists, business leaders 

and politicians with his report 

for the British government, 

published in 2006.

� After the US, the UK has 

contributed the most authors for 

the Intergovernmental Panel on 

Climate Change reports that have 

guided the world’s understanding 

of climate change.

One of the world’s best climate models predicts that 

the Amazonian rainforest will disappear this century

The insider
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reducing emissions through the use of a green 

technology – such as Ferreira’s sustainable 

cooking stoves. Purchasers include companies 

with emissions targets under the Kyoto 

protocol as well as both individuals and 

corporations that are anxious to take 

voluntary action to cut their carbon footprint.

The international carbon market was worth 

$60 billion in 2007. There is a booming 

business infrastructure of companies like 

Climate Care that are organising carbon-

saving projects, especially in developing 

countries, and trading in the credits. To have 

any credibility, these financial “products” 

require solid science to underpin the claims 

being made. That requires input from 

everyone from soil and forest scientists, 

and experts in the emissions of methane 

from cattle slurry to industrial chemists 

and economists.

Climate change may now be a mature 

discipline with a large business sector, but 

many of its practitioners still count 

themselves as scientists with a passion for 

making a difference to the world. “For me, it’s 

a mission that also puts a roof over the 

heads of my family. My daughters and their 

generation will one day demand to know what 

we did to address human-induced climate 

change. I want to be able to say I did 

something,” says Reay. Lenton agrees: “I had 

strong environmental convictions as a 

teenager and a passion for science. I read Jim 

Lovelock’s books on Gaia and was hooked. At 

the end of one of his books, Jim asked if there 

is a planetary doctor out there. I was inspired 

to answer the call.” 

Climate change began as a concern 

of a handful of climate scientists and 

environmentalists, but now few doubt that it 

is destined to be one of the most important 

challenges for the world in the 21st century. 

Economists and energy technologists; 

geologists and architects; electrical engineers 

and flood managers; crop scientists and 

disease epidemiologists; company lawyers 

and even City traders – they all now find 

climate change is central to their work.

Some climate scientists are bound to feel 

usurped when their area of expertise is 

invaded by other disciplines. But ultimately, 

while opportunities open up for everyone, it is 

still climate scientists and their fellows among 

the Earth systems science community who are 

the keepers of the knowledge about how the 

world may be changing. They should be in 

work for a while yet.  �

Meanwhile, there are plenty of other 

technologies where important breakthroughs 

are awaited, says Chris West, director of UKCIP, 

such as converting sunshine into usable energy 

through photovoltaics, electro-separation of 

hydrogen from water to make “clean” vehicle 

fuel, and artificial photosynthesis.

Thirty years on from Salter’s duck, the 

University of Edinburgh is launching a 

graduate programme on carbon management. 

Reay says the aim is to meet a rocketing 

demand from government and businesses for 

graduates trained in areas such as low-carbon 

technologies and the economics of climate 

change. “Collaboration with business and 

industry to develop low-carbon technologies 

is a fast-growth area,” he says.

“The broad climate-science community is 

now engaging much more with economists, 

engineers and social scientists to see how their 

research can actually be put into practice,” 

says Reay. The academic solo mentality has 

been centuries in the making, “but there are 

some truly brilliant minds out there, and just 

getting them talking to each other can yield 

even more brilliant solutions”.

About three-quarters of the world’s CO
2

emissions comes from towns and cities. So 

designing energy-efficient, low-carbon

buildings and placing them into “sustainable 

cityscapes” is another crucial area of climate 

science. British architects such as Richard 

Rogers have taken a lead in this area and, 

further afield, engineering consultancy Arup 

is designing the blueprints for a string of eco-

cities in China. Meanwhile, Imperial College 

London is collaborating with BP to develop 

a giant model of how cities work, as the basis 

for designing the low-emission cities of the 

future. Scientists with expertise in this 

area are bound to be drawn upon as the 

government puts flesh on its ideas for 

building eco-towns across the UK. Turning the 

vision into reality will require many trained 

scientists from a variety of disciplines.

A further major growth area is “climate 

capitalism”. Pension funds, banks, media 

companies and airlines are anxious to display 

a greener image and offset their emissions, 

and all require in-house scientific expertise 

to do so. For a long time, numerate science 

graduates have beaten a path to the City. Now 

they can make good use of their expertise by 

joining the fast-growing market in carbon 

credits. These are certificates issued for an 

investment that is helping to counter climate 

change by soaking up CO
2
 in forests, say, or 

“Our models are getting 
better, but they are not 
even nearly perfect”
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At the forefront: Dave Reay
Dave Reay 

studied marine 

biology at the 

University of 

Liverpool. He 

followed this 

with a PhD on 

the effects of warming in the 

Southern Ocean. Now a researcher 

at the University of Edinburgh, he 

writes popular books on climate 

change and edits the environmental 

website www.ghgonline.org 

How did you get into climate-

change science?

It all started with David 

Attenborough and his TV 

programmes – they instilled in me 

a passion for natural history. At an 

early age, I spent much of my time 

raising butterflies and learning 

about beekeeping from my dad. As 

a student, I knew I wanted to be 

part of the scientific effort to 

understand global warming.

What are the growth areas for a 

student starting in climate science?

A key growth area is in improving  

global climate models and the 

underlying assumptions on which 

they are based. The other big 

growth areas are in mitigation 

and adaptation.

What do you do now?

I have a team who take “real-

world” measurements of 

greenhouse gas emissions, from 

the Scottish hillsides to the oceans. 

I also enjoy public speaking, which 

my students tell me has greatly 

improved my lectures. It forces 

me to make simple sense out of 

complex science. It’s important that 

more academics get their research 

out to the public and politicians.

Do you feel you made the right 

career choice?

If I were starting out again, I’d go in 

the same direction. My PhD training 

in microbiology and temperature 

responses has fed into much of the 

work I do now. There is a real 

beauty to the interactions and 

complexities of climate science. It 

would be an unalloyed joy to be in 

this career if it weren’t for the 

damage we are doing to our own 

planet on which this global 

experiment is taking place.



Feedback–

THE   Coryse Salomé  “Compétence 
Anti-Age” cream that Susan Forde 
was given is part of the “RNA/DNA 
Renaissance” line, according to the 
leaflet that accompanies it. The cream, 
it says, “is based on an exclusive 
complex containing RNA and DNA, 
fundamental cell components which 
contribute to basic metabolism and 
play a key role in cellular renewal”.

The leaflet also explains that this 
“RNA/DNA Complex… is a powerful 
tool in the defence and repair of the 
epidermis. In addition, it ensures 
hydric balance, its firming effect helps 
counteract slackening in tissues and its 
line-smoothing action helps keep skin 
looking younger.”

Forde wants to know if this leaflet 
provides an accurate description of the 
product. We wonder too. For example, 
the leaflet doesn’t tell us whether the 
RNA and DNA in the cream are there as 
normal components of an organic 
substance or whether they have been 
isolated somehow. Nor does it tell us 
how they penetrate the cells of the skin 
to achieve the “anti-age” effects 
described. Nor does it tell us what kind 
of RNA and DNA are in the cream. Are 
we talking about human RNA and DNA 
here, or the RNA and DNA of a sheep, 
a crayfish, a bluebottle, a thistle, or 

several million other possible varieties?
Furthermore, why is the cream 

more effective than smearing gravy 
on your face, given that meat and 
vegetables are rich in RNA and DNA?

We are forced to the conclusion that 
either Coryse Salomé has made a major 
and quite terrifying breakthrough in 
gene therapy, or these claims for the 
Renaissance line are, to put it very 
politely, optimistic.

OBITUARIES for Arthur C. Clarke have 

been reminding us that he never patented 

his ideas for geostationary satellites, 

and so never made a penny from the 

satellite revolution.

In reality, he didn’t miss out on 

anything that he might have earned. 

Clarke’s ideas were published in the 

October 1945 issue of Wireless World, in 

an article called “Extra-Terrestrial Relays”. 

The UK had been bombarded with V2 

rockets, and it had occurred to Clarke that 

such rockets travelling at twice their 

wartime speed could break out of Earth’s 

atmosphere and become satellites, or 

“second moons” as he called them.

Once an idea has been published for 

all to read, it cannot be patented. Some 

people have suggested that Clarke made a 

considered, charitable decision to publish 

rather than patent. So when he lectured at 

the National Film Theatre in London a few 

years back, New Scientist correspondent 

Barry Fox asked him about this – and how 

much he was paid for the article.

Clarke recalled being paid £10 and left 

no doubt that he had never seriously 

considered patenting. In any case, Fox 

points out, patents have a limited life. 

If Clarke had filed for a patent in 1945, his 

rights would have been expiring just as the 

first geostationary communication satellite 

was being launched by Delta rocket from 

Cape Canaveral to broadcast the Tokyo 

Olympics in 1964.

Even so, the fact that he only got paid 

£10 for ideas that spawned an industry 

worth billions seems a tad ironic.

WHAT is the largest sum available 
from the indefatigable authors of 
so-called “Nigerian” email scams? 
James Moon received an email 
purporting to come from a Maxwell 
Kofi, manager of the Dansonman 
branch of the Metropolitan and Allied 
Bank in Ghana. After apologising for 
“not having the liberty of knowing 
your mindset before writing you this 

letter without any formal introduction”, 
Kofi goes on to say: “I write to solicit 
for your partnership in claiming the 
amount of $5,300,000M from an 
account at our Head Office”.

Moon wants to know if $5.3 trillion 
is a record, or are there readers who 
have been offered even more?

THE parcel that Harry Lake received by US 

mail had an “Insured mail” sticker on it 

that said: “To file a claim for damage or 

loss of contents, the article, container 

and packaging must be presented.”

WINDOWS Live Spaces is “The best 
place to share your world online”, 
according to www.get.live.com. Patrick
McHugh decided to sign up – and was 
told “Please enter a number between 
18 and 255 for Age.”

The terms have since changed, and 
silver surfers of more than 113 years 
old are no longer allowed to share their 
world online. Will Microsoft be sued 
for ageism? 

Those born yesterday are, however, 
now allowed in.

FINALLY, visitors to the Evolution House 

at the Royal Botanic Gardens at Kew, UK, 

are informed: “Some bacteria alive today 

are direct descendants of Precambrian 

single-celled life.”

“Fine,” says Jon Hallett. “But what did 

the other bacteria descend from?”

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.

Several of the doors at the college 
where Julien Eley works have 
two notices on them. One says 
“Automatic door. Keep clear”. 
The other says “Pull to open”
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The last word–

LANDLUBBERS 
Where on our planet is the furthest 

point from any sea? I’m hoping it is 

the middle of Asia somewhere 

because I’m travelling that way soon, 

and want to stand at that point in 

swimming trunks, snorkel and mask.

�  The furthest point from the sea or, 
to give its technical name, the 
  continental pole of inaccessibility  
(CPI), does lie in Asia. It is located at 
46° 17’ N, 86° 40’ E, in the Dzoosotoyn 
Elisen in Xinjiang, China, and is 
2648 kilometres from the nearest 
coastline, at Tianjin on the Yellow Sea . 
Although its location was calculated 
long ago, it wasn’t visited by surveyor-
explorers until 27 June 1986, when it 
was reached by British cousins 
Nicholas Crane and Richard Crane. 

The Cranes travelled there by 
bicycle, crossing the Hindu Kush and 
Gobi deserts, to raise funds for the 
Intermediate Technology 
Development Group (which has since 
been renamed   Practical Action ) – a 
charity that supports technological 
advances in developing countries.

Twenty years before that, however, 
the CPI attracted the attention of 
another group with very different 
interests. Its unique geographical 
status gave it considerable significance 
among western nuclear strategists 
debating the relative merits of 
weapons systems. For proponents 
of the submarine-launched Polaris 
missile, the ability to hit any point on 
the Earth – even if there is nothing 
there worth hitting – became a key 
point in the public relations battle 
with the sponsors of land-based and 
air-launched weapons. 

When the A3 version of Polaris 
brought the CPI within range in 
the late 1960s, it was hailed as a 
technological triumph – particularly 
by the UK’s Ministry of Defence. They 
did not, however, trumpet the fact 
that to strike the pole a large nuclear-
powered submarine would practically 
have to visit Tianjin docks.

Ironically, by the time the western 
navies acquired the capacity to 
bombard all of China with submarine-
launched missiles, the region around 
the CPI was probably featuring more 
prominently on the targeting lists of 
generals in Moscow, rather than 
London or Washington DC, as Xinjiang 
acquired vital strategic significance in 
the Sino-Russian confrontation of the 
last quarter of the 20th century.

Finally, while appreciating the 
irony in your correspondent’s choice 
of attire, he should reflect that the 
CPI is subject to extreme climatic 
continentality: summers are hotter 
and winters are colder than many 
places of similar latitude because it is 
so far from the moderating influence 
of the ocean. “Elisen” means “desert” 
in the local Chinese Uighur dialect, 
and although the location is certainly 
sandy, it is no beach. 

Indeed, this part of Xinjiang might 
be considered an extension of the 
Gobi, which is a decidedly cold desert 
where temperatures drop to -40 °C in 
winter. At the other extreme, during 
daytime in summer it can reach a 
blistering 50 °C, though temperatures 
can vary by as much as 32 °C within a 
24-hour period. If he insists on 
wearing his trunks, I suggest that he 
keeps a warm pullover handy, just 
in case.
Hadrian Jeffs

Norwich, UK

PULLING POWER
It is accepted among Australian beer 

drinkers that a glass of cold draught 

lager holds its head for longer if the 

beer is pulled in two or three 

separate pours rather than in one 

continuous pull. What causes this 

effect and does it also apply to beers 

served at cellar temperature?

� If you pour the beer in one pull, 
the foam grows under uniform 
conditions, producing relatively few 
bubbles and mostly large ones. Large 
bubbles pop quickly, so the head 
doesn’t last. By pausing during 
pulling, one gives the first bubbles 
time to grow larger and more flexible 
before the turbulence of the next pull 
shears some of them into more 
numerous, smaller bubbles. 

Furthermore, the concentration of 
carbon dioxide in the poured beer 
surrounding a large bubble has had a 
chance to drop, so that the bubbles 
stop growing so rapidly . The effect of 
the extra pulls is to reduce the size of 
the bubbles and increase their number. 
This means a smoother, finer, firmer 
froth. As smaller bubbles do not pop 
as easily as large ones, the finer froth 
lasts longer too.

Qualitatively, warmer beer 
behaves in much the same way, but it 
froths too violently and briefly, which 
masks the effect. Bubbles in warmer 
beer are larger and more fragile 
anyway, so the overall improvement 
is less worthwhile.
Jon Richfield

Somerset West, South Africa

NEXT WEEK’S QUESTIONS
See saw

I left my saw hanging up in my damp 
shed. Much later, I found it was 
covered in these seemingly random 
lines of rust (see Photo, left). Why did 
they form like that?
Bill Adsett

Bristol, UK

On the blink

When I watch digital TV channels 
from terrestrial transmitters, I have 
to endure periodic disruptions during 
which the audio and images start 
stuttering. I recently realised that 
the disturbances occur every time 
motorbikes – and particularly 
scooters – pass my house. It doesn’t 
happen with cars. How do scooters 
disrupt my TV?
Michael Smith

High Wycombe, Buckinghamshire, UK

Sponsored by

Questions and answers should be concise. 
We reserve the right to edit items for clarity 
and style. Include a daytime telephone 
number and email address if you have one. 
Restrict questions to scientific enquiries 
about everyday phenomena. The writers of 
published answers will receive a cheque for 
£25 (or US$ equivalent). Reed Business 
Information Ltd reserves all rights to reuse 
question and answer material submitted by 
readers in any medium or format.

New Scientist retains total editorial 
control over the content of The Last Word.

Send questions and answers to 
The Last Word, New Scientist, Lacon House, 
84 Theobald’s Road, London WC1X 8NS, UK , 
by email to lastword@newscientist.com or 
visit www.newscientist.com/lastword.ns 
(please include a postal address in order to 
receive payment for answers). For a list of all 
unanswered questions send an SAE to 
LWQlist at the above address.

Last Words past and present, plus questions, at www.newscientist.com/lastword
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