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NOWADAYS, we like to think we have got past 

the racist claptrap of previous centuries, when 

even scientists – white ones, of course – 

declared white people to be the pinnacle of 

human progress and other races to be inferior. 

There is no question that most societies have 

made enormous progress in eliminating such 

overt racial prejudice. But an unsettling   study 

published this week  by researchers in the US 

suggests that there is still a long way to go.

Even today, the study finds, Americans of 

various races still unconsciously dehumanise 

their black fellow citizens by subtly associating 

them with apes. In an experiment in which 

students were subliminally flashed a photo 

of either an African-American or a European-

American face and then shown a blurry 

picture of an ape, those shown the black face 

were quicker to recognise the ape. More 

troubling still, this association is not just 

confined to psychologists’ tests: it also 

appears to bias people’s judgements about 

whether specific instances of police violence 

are justified (see page 10).

Nor is this bias restricted to a few 

unreformed troglodytes. The researchers 

found it in people with a wide spectrum of 

racial attitudes, as measured by a standard test 

of racial prejudice. In other words, no matter 

how well-intentioned an individual might be, 

such ideas are likely to be lurking under the 

surface – the product of subtle social 

conditioning rather than conscious malice. 

All this must come with a health warning. 

As with most attempts to study attitudes 

to race, the conclusions are confounded 

by numerous alternative explanations. 

Was it just skin colour, rather than any deeper 

association, that led the study’s participants 

to associate blacks with apes? Were the 

researchers merely measuring a generalised 

bias against otherness – a tendency to regard 

anyone “not like us” as somewhat less human? 

Over the course of six separate experiments, 

the researchers ruled out each of these 

possible alternatives in turn, though it should 

be noted that none of their experiments 

controlled for all of them at once.

Outside experts contacted by New Scientist 

agree that the researchers have made a strong 

case that their subjects demonstrate a real 

unconscious bias. For such an emotionally 

and politically  charged subject, though, it will 

be important to see whether the pattern holds 

up in other studies. In particular, the study 

falls short on testing whether black people 

make the same unconscious association 

between blacks and apes that are made by 

people of other races. Most of the participants 

in the study – including all the subjects in key 

experiments, such as the one looking at police 

violence – were white American university 

students. The researchers are now following 

up by repeating it on 

people of other 

nationalities and 

ethnic backgrounds.

If the results 

continue to hold up, 

we are left with the 

conclusion that good 

intentions alone are 

not going to get us 

to a race-neutral 

society any time 

soon. After all, it has been repugnant for at 

least a generation to imply that black people 

are apelike: indeed, only 9 per cent of the 

students in the study said they had even 

heard of the stereotype.

What seems to keep the stereotype alive 

are a series of tiny, almost imperceptible 

hints. Erasing them will take some thought 

and effort. Journalists searching for vivid 

descriptions of crimes will need to take extra 

care not to fall back on their memory of what 

they have read before, which includes echoes 

of a distant racism in which animalistic terms 

come more readily to mind for black suspects. 

In science too there is room for improvement. 

Biology textbooks would do well to replace the 

classic Victorian depiction of human evolution 

as a progression from dark-skinned, broad-

nosed australopithecines to a European-

looking Homo sapiens with one that makes it 

clear that dark-skinned, broad-nosed Homo 

sapiens are no less highly evolved.

One of the most effective ways in which 

negative associations will be banished is 

if they are replaced by positive ones. Every 

time people subconsciously connect “black” 

with Nelson Mandela, Martin Luther King 

or Kofi Annan, the old, hateful “ape” 

association becomes a little weaker. Seen 

in that light, Barack Obama’s showing as a 

credible presidential candidate may have 

repercussions that will go beyond this year’s 

contest for the White House.  ●

“One of the most 
effective ways in 
which negative 
associations will 
be banished is if 
they are replaced 
by positive ones”

Racism still runs deep
Even the most well-meaning liberal can harbour hidden prejudice
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 News in perspective

Upfront–

to ensure that festivities going 

on around the world next year – 

which will also mark  Darwin’s 

200th birthday – are a success. 

For example, the UK Research 

Councils   are launching a website  

to extol the importance of 

Darwin’s legacy. “Researchers are 

very keen to spread the message 

about Darwin’s work,” says Pat 

Middleton of the Biotechnology 

and Biological Sciences Research 

Council. “  It’s applicable to 

modern life itself .”

The website will concentrate 

on a different academic field 

inspired by evolutionary theory 

each month, beginning with the 

social sciences and economics. 

THE US Environmental Protection 

Agency is in trouble again.   Already 

under fire for failing to get tough 

on carbon dioxide emissions , the 

agency has now had its scheme 

for dealing with mercury 

pollution ruled illegal.

Coal and oil-burning power 

stations are major sources of 

mercury pollution, which can 

build up in fish to levels 

hazardous to human health. 

Rather than demanding that each 

plant cut emissions, in 2004 the 

WHEN it comes to Antarctica’s 

disintegrating ice shelves, climate 

change often gets fingered as the 

cause. But it turns out global 

warming was not the only culprit 

behind the continent’s biggest ice 

break-up in recent years.

The 3200-square-kilometre 

Larsen B ice shelf broke apart 

between January and March 2002 

following a series of warm 

summers, and after melt ponds 

had formed on the ice shelf. The 

abruptness of the break-up led 

many scientists to lay the blame 

squarely on climate change. 

“But the picture is much more 

complicated,” says Neil Glasser of 

Aberystwyth University in the UK.

When Glasser and Ted Scambos 

of the University of Colorado at 

Boulder – who has been tracking 

the increased movement of 

glaciers near the erstwhile Larsen 

B – reviewed satellite images from 

1987 onwards, they saw giant rifts 

and crevasses created by long-

term glaciological processes. 

These alone could not have caused 

the break-up, but probably came 

into play once a warming climate 

had thinned the ice   (Journal of 

Glaciology, vol 54, p 3) .

“Had it not got warmer, the 

shelf would have survived,” says 

Glasser. “It’s very likely that the 

warm summers could have been 

the final trigger.” He and Scambos 

are now monitoring the 15,000-

square-kilometre Larsen C ice 

shelf. Like Larsen B once did, this 

slows the flow into the sea of 

nearby glaciers by acting as a 

plug. If it broke up, the resulting 

seaward acceleration of glaciers 

could have “a noticeable effect” 

on sea level, says Glasser.

A YEAR shy of its 150th anniversary, 

the theory that philosopher 

Daniel Dennett called “the best 

idea anyone has ever had” is 

under renewed attack. 

Florida’s department of 

education will vote next week on 

resolutions demanding that the 

teaching of evolution is “balanced” 

with creationist accounts. Texas, 

with its own curriculum debate 

upcoming, will be monitoring 

the outcome. If Florida admits 

creationism to the science 

classroom, Texas may do the same.

In the face of the creationist 

threat, scientists are determined 

Campaigners against airport expansion 

have some new evidence to support their 

case. A study of 140 people living near 

four European airports concludes that 

loud night-time noise raises blood 

pressure, even when people are asleep. 

The largest increases occurred when 

the sleepers experienced noise above 

35 decibels – equivalent to an aircraft 

passing overhead or a bedfellow snoring. 

“We saw the same effects regardless of 

the source of the noise,” says Lars Jarup 

of Imperial College London, who 

co-authored the report (European Heart 

Journal, DOI: 10.1093/eurheartj/ehn013).

On average, aircraft noise temporarily 

raised systolic blood pressure by 

6.2 millimetres of mercury (mmHg) and 

diastolic blood pressure by 7.4 mmHg . 

A parallel study to be published in 

NIGHT FLIGHT TO ILL HEALTH
Environmental Health Perspectives 

shows that every 10-decibel increase 

in   night-time aircraft noise  raises a 

person’s risk of developing high blood 

pressure by 14 per cent. 

Jarup advises people living near 

airports to insulate windows to cut the 

noise, but says the best solution is 

restricting night flights. Later this year, 

the World Health Organization will 

finalise guidelines for restricting night 

noise exposure. Meanwhile, airlines are 

testing a way of cutting noise by lining 

up the aircraft with the runway long 

before it gets to the airport. Called 

  Continuous Descent Approach , this avoids 

the need for raucous engine-thrust 

adjustments and flap deployments at low 

altitude. US tests suggest it cuts overall 

noise levels by between 4 and 6 decibels.
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“Rifts and crevasses came into 
play once a warming climate 
had thinned the Antarctic ice” 

–Likely to get your blood up–

Warm snap Darwin put to vote

Illegal permits
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60 SECONDS

Sun sets on Sunshine Project

After eight years exposing safety lapses 

at US biodefence facilities, the Sunshine 

Project – a non-profit organisation in 

Austin, Texas, that monitors the use of 

biological agents – is closing due to lack 

of funding. “It was always a struggle to 

raise funds,” says Ed Hammond, who 

ran the project. “You can only work 

under these circumstances for so long.”

One small step for Europe 

Europe’s foothold in space has got a bit 

firmer. On Monday, Atlantis astronauts 

installed the European space laboratory 

Columbus on the International Space 

Station. On the same day, French 

president Nicolas Sarkozy called for space 

powers such as the US and Russia to join 

forces with Europe to explore Mars.

US claims more Arctic 

The US is redrawing its borders in 

the Arctic. A geological survey led by 

researchers at the University of New 

Hampshire in Durham and the National 

Oceanic and Atmospheric Administration 

suggests the continental shelf off Alaska 

extends 185 kilometres further into the 

Arctic Sea than previously thought. The 

finding could strengthen US claims on 

Arctic hydrocarbon reserves.

Gene crops take hold

The number of farmers in developing 

countries planting genetically modified 

crops exceeded 10 million  in 2007, 

reports the International Service for the 

Acquisition of Agri-biotech Applications, 

a body that monitors uptake of GM 

crops. Figures released on 13 February 

show fastest growth was in India, and 

turned it into a net exporter of cotton. 

Birds on junk 

Seabirds are suffering on diets of 

low-quality “junk food” generated 

by waste from the fishing industry, 

contradicting assumptions that the 

additional food is beneficial for them. 

A study of breeding gannets that fed 

on fisheries waste showed that most 

of their chicks did not survive 

(Proceedings of the Royal Society B , 

DOI: 10.1098/rspb.2007.1763). 

EPA proposed a scheme allowing 

power plants to buy and sell 

permits to emit mercury. Fifteen 

US states and a coalition of 

environmental groups protested. 

Trading works well for some 

pollutants, says John Walke, 

an attorney with the Natural 

Resources Defense Council. But 

such a scheme is inappropriate 

for a   toxic pollutant that can 

concentrate in local hotspots , 

he argues.

On 8 February, a federal 

appeals court ruled that the 

EPA had failed to meet the 

requirements of the Clean Air 

Act, accusing it of “substituting 

EPA’s desires for the plain text” 

of the law.

A COMPANY with a controversial 

history of defending the image 

of potentially damaging 

chemicals has aroused the 

interest of a US congressional 

committee. 

The House of Representatives 

Committee on Energy and 

Commerce is investigating the 

safety of bisphenol A. Because 

of its chemical similarity to 

the hormone oestrogen, 

bisphenol A has been linked 

with gender-bending  and 

carcinogenic effects in humans 

and wildlife. 

The committee is in the 

process of contacting  the 

  Weinberg Group  to establish 

whether or not it has been asked 

to defend bisphenol A. 

Based in Washington DC, 

Weinberg has previously helped 

defend the image of chemicals 

such as Agent Orange, which was 

used as a herbicide and defoliant 

in the Vietnam war.

In a   letter  dated 5 February, 

the congressional committee 

asked the group for copies of any 

emails, publications and records 

relating to work on bisphenol A. It 

contacted Weinberg after reading 

a risk assessment of bisphenol A 

by an academic who consults for 

the group.  Weinberg declined to 

comment on the matter when 

contacted by New Scientist.

THE wildlife trade monitoring 

network TRAFFIC issued a wake-

up call to the Indonesian 

authorities this week: stop the 

illegal trade in Sumatran tiger 

body parts or the species will 

be hunted to extinction.

TRAFFIC claims to have found 

tiger body parts on sale in 10 per 

cent of Sumatran shops surveyed 

in 2006. It estimates that at least 

23 tigers were killed that year to 

supply the trade. That’s down 

from 52 kills per year in 1999 and 

2000, but TRAFFIC fears the 

decline is the result of the tiger’s 

increased scarcity, not improved 

law enforcement. 

TRAFFIC says it has given the 

Indonesian authorities details of 

the tiger traders, but claims there 

is little sign of any serious attempt 

to stem the trade beyond 

ineffectual awareness-raising.

Trade is just one factor 

contributing to the tiger’s decline, 

says Tonny Soehartono of 

Indonesia’s ministry of forestry. 

They are also being driven into 

conflict with humans through 

“land use changes and habitat 

fragmentation”, he says.

“Tiger body parts on were 
found on sale in 10 per cent 
of Sumatran shops” 

Ever since hurricane Katrina, it has been 

an open secret: the old, the poor and 

immigrants suffer most when natural 

disasters hit the US. 

Now Susan Cutter and Christina 

Finch at the University of South Carolina 

in Columbia have taken these and other 

hallmarks of vulnerability to show 

where people would be hit hardest 

were another natural disaster to strike 

(Proceedings of the National Academy 

of Sciences, DOI: 10.1073/pnas.0710375105). 

The resulting indices of vulnerability, 

going back to 1960 and with a projection 

to 2010, show a slight decrease in 

vulnerability nationwide. Among the 

regions where things have got worse are 

California and the Texas–Mexico border, 

probably because low-income immigrant 

populations have settled there (see Map). 

New York City and San Francisco 

have the greatest potential for suffering. 

A highly urban population means 

injuries, fatalities and infrastructure 

losses would be large, says Cutter.

The researchers conclude that a 

“one-size-fits-all” approach to disaster 

response fails many people. North 

Carolina and California have introduced 

vulnerability into their emergency 

planning, says Cutter, and more states 

should follow suit.

WHERE DISASTERS HURT MOSTDamage limitation

Tigers tailing off
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This week–

ECONOMISTS and biologists used 

to insist that humans are mainly 

driven by self-interest, with 

cooperation just a way of using 

others to get more for ourselves. 

That view was undermined by 

modern experiments showing that 

most of us also care about fairness 

and justice for others. Now 

research is pointing to another, 

more spiteful side of human 

nature. We care about fairness, 

but also about knocking others 

down, even at a cost to ourselves.

It is clear enough that   animals 

can encourage the perpetuation 

of their own genes into future 

generations by helping their close 

relatives . Altruistic behaviour can 

also evolve through reciprocity 

among animals that meet one 

another in repeated encounters. 

“You scratch my back, I’ll scratch 

yours another day,” can be an 

effective strategy for building 

mutually beneficial cooperation. 

Yet with humans,   that doesn’t 

seem to be the whole story . 

Experiments in which student 

volunteers were asked to play 

games for real monetary stakes 

showed they will act altruistically 

even when they can have 

absolutely no hope of getting 

anything in return. In 2001 , 

anthropologist Joseph Henrich of 

the University of British Columbia 

in Vancouver, Canada, and 

colleagues published data from 

12 countries around the world 

showing similar behaviour 

among individuals from hunter-

gatherer and foraging societies. 

It remains the most diverse data 

set available, and runs counter to 

the prevailing view that people 

will only pay to help total 

strangers if they have a chance 

of getting something back, such 

as a future payback or an 

enhanced reputation

“In addition to their own 

material pay-offs,” Henrich says, 

“people generally care about 

fairness and reciprocity. They 

are often willing to help others 

even at a personal cost to 

themselves.” Some argue that 

these experiments  turn out the 

way they do only because the 

subjects were operating in a 

different environment from the 

one humans have evolved to deal 

with (see Adapted or 

maladapted?), yet  new research is 

casting further doubt on the view 

that people are only self-

interested, while also offering a 

surprising twist: we’re often just 

as spiteful as we are altruistic.

In a paper currently under 

review in European Economic 

Review, economists Simon 

Gaechter and Benedikt Herrmann 

of the University of Nottingham, 

UK, report the results of “public 

goods” experiments they carried 

out in Russia. In these 

experiments, volunteers are given 

some money, say $20 each, and 

have an opportunity to contribute 

to a public fund. After each has 

decided how much to give, the 

experimenter takes the total, 

doubles it, and shares out the result 

equally among the participants. 

If everyone gives generously to 

the group, then all do well, getting 

more back than they originally 

had. Yet each individual also faces 

a temptation to cheat, because if 

others still contribute, they’ll 

profit more by withholding their 

own contribution. In practice, 

cheating wins out, and few people 

contribute to the public fund. 

However, the outcome changes 

dramatically if participants have 

an opportunity to punish those 

who they see as contributing too 

little. If participants can pay a 

small fee to anonymously punish 

such cheaters, many willingly 

take up the opportunity to do so. 

Such punishment makes cheating 

more costly, and, as a result, ends 

up aiding group cooperation. 

This, at least, has been the result 

when the game has been played 

with western volunteers.

In the experiments carried out 

with over 500 Russian volunteers, 

Gaechter and Herrmann ran trials 

both with and without the 

possibility of costly punishment. 

They used different pools of 

volunteers, either urban or rural, 

and of two age groups: one 

younger, with an average age 

around 20, while the average age 

On the origins 
of human spite
It doesn’t take much to make people switch from 
helping their fellows to actively obstructing them

“Many  Russian participants were 

willing to pay to punish those 

who contributed more than 

they had to the public pool”

This week–

 International news and exclusives

MARK BUCHANAN
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of the older group was 44. As in 

other experiments, they found 

that many people were willing 

to punish those who they 

perceived as cheats. “Russians are 

quite cooperative,” says Gaechter, 

“and they punish cheaters on 

average as do all other subject 

pools we have seen so far.” 

However, they also found a 

surprise. Many  participants were 

also willing to pay to punish those 

who contributed more than they 

had to the public pool. Older, 

urban Russians paid out on 

average 78 per cent as much to 

punish cooperators as they did to 

punish cheaters. This significantly 

reduced the cooperation achieved 

by the group, to the extent that 

sometimes it was lower when 

punishment was a possibility 

than when it wasn’t. 

One reason for this 

unexpected result might be 

that people  dislike “do-gooders”, 

Gaechter speculates. Such 

behaviour, he suggests, may be 

accentuated in Russia because of 

a hangover from the communist 

era. As he notes, older people in 

the study had mostly grown up 

under communism, and were 

socialised from childhood in 

collectivist ideology, which 

discouraged strong expressions 

of individuality.  In contrast, the 

younger participants were 

brought up after the fall of the 

Soviet Union, and amidst the 

transition to a market economy 

that stresses individualism.

Whatever the specific origin 

of this behaviour, Herrmann 

says people appear to be making 

decisions based on social 

preferences – that is, preferences 

not only for what the individual 

gets, but for what other people get 

too. Understanding human 

behaviour means taking such 

preferences into account and, as 

this work shows, they may 

depend strongly on people’s prior 

conditioning. As obvious as it 

may seem, economists have 

tended to ignore this effect.   As 

Herrmann points out, no earlier 

experiments have found “do-

gooder punishment”.

Economist Ernst Fehr of 

the University of Zurich in 

Switzerland says that Gaechter 

and Herrmann’s work 

“demonstrates extremely strong 

cross-cultural differences”. Fehr 

and colleagues have documented 

similarly strong cultural 

differences in India. In a paper 

to be published in the American 

Economic Review, they report the 

results of cooperative games in 

which individuals in Uttar Pradesh, 

one of the least developed regions 

of India, routinely showed a 

willingness to act to reduce 

another person’s material pay-off 

merely for the purpose of getting 

ahead of that person. 

In their experiments, two 

individuals played a game in which 

cooperation paid off, while a third 

acted as an observer who could 

pay to deal out punishments to 

either party. Frequently such 

punishments were motivated by 

personal reasons rather than any 

sense of fair play. Typical 

explanations, says Fehr, were “I 

am jealous of that player, and that 

is why it is important to impose a 

loss on him,” or “Imposing a loss 

on him gives me enjoyment.” 

As well as undermining 

the view that people really care 

only about selfish individual 

pay-offs, these findings, like 

Herrmann’s, suggest that the 

way individuals behave is strongly 

influenced by how they were 

brought up in the recent past. 

Most efforts to model human 

behaviour, whether in economics 

or biology, have ignored this, 

and have tried to make universal 

assumptions about the character 

of human economic reasoning, 

Henrich says. “They tend to 

suppose that people everywhere 

deploy the same cognitive 

machinery for making economic 

decisions and, consequently, 

will respond similarly when 

faced with comparable 

economic circumstances.”

That idea now seems to be 

defeated. As data on human 

behaviour rolls in from many 

cultures, it seems that we’re 

neither intrinsically greedy nor 

wholly selfless. We care about 

others, but not always in a 

positive way.  ●

ADAPTED OR MALADAPTED?
Some of the strongest evidence for 

altruism comes from experiments in 

which individuals play cooperation 

games anonymously, once only, via 

computers. In “one-shot” situations 

participants can’t expect to build a 

reputation or get any kind of future 

payback. Yet in such games people have 

been found to act altruistically, sharing 

out rewards to achieve some degree of 

equality, or paying a cost to punish 

those they see as violating social norms. 

This evidence doesn’t convince 

everyone. Evolutionary psychologist 

John Tooby of the University of 

California, Santa Barbara, points out 

that for 99 per cent of the period during 

which the human mind has evolved, 

people lived in small groups and 

experienced repeated interactions 

with others. As a result, our ancestors 

were strongly motivated to cooperate 

so as to stay on good terms with others 

whose help they might need 

someday. Anonymous, one-shot 

encounters with others were almost 

unknown, so Tooby suggests that the 

apparent altruism emerges because we 

have not evolved strategies to deal 

with these encounters differently. 

Many other researchers find this 

unconvincing,   insisting that altruism is 

real, and could have evolved because it 

aided cooperation in large human 

groups . Joseph Henrich of Emory 

University in Atlanta, Georgia, points 

out that biologists have developed a 

number of models showing how 

competition between human groups 

could have been the forge in which 

altruism was born. While competition 

between individuals would clearly tend 

to act against altruistic behaviour, 

groups with more altruists would 

benefit from greater coordination – 

for example, in more efficient farming, 

or when waging war. 

Henrich argues that such   “group 

selection” could have acted rapidly 

through cultural evolution , in which 

behaviours are passed on by learning 

and teaching, rather than genetic 

evolution. “The scale of cooperation in 

many societies has increased by orders 

of magnitude in historical time,” he 

says. “This suggests that some non-

genetic evolutionary process has been 

ratcheting up the scale of cooperation.”

–What’s it worth to do others down?–

“Past efforts to model human 

behaviour have ignored cultural 

differences and tried to make 

universal assumptions”
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This week–

  UNCONSCIOUS stereotypes lurking 

within even overtly non-racist 

Americans  appear to be leading them 

to dehumanise black Americans in 

subtle but important ways.

That is the disturbing conclusion 

of work by psychologist Jennifer 

Eberhardt at Stanford University in 

California and her colleagues. They 

set out to test if any vestiges remain 

of a racist stereotype that was 

common a century ago: that black 

people are more apelike, and thus 

less human, than white people.

The team subjected 121 university 

undergraduates, including 60 whites, 

39 asians and seven blacks, to tests 

that used a technique known as 

subliminal priming. The students 

were briefly flashed a photo of 

either an African-Amercian  or a 

European-American  face, and then 

shown a blurry picture of an ape. 

Those who saw the black face were 

quicker to recognise the ape, the 

researchers found. This effect was 

not seen when whites were shown 

an Asian face. This indicates that the 

black face had “primed” the 

volunteers, triggering a subconscious 

association between blacks and 

apes, they say.

The effect was found in both 

white and non-white students. 

However, there were too few black 

volunteers in the study to check for 

an effect with them specifically.  The 

priming persisted even when 

volunteers were shown line drawings 

of faces, or names typical of black or 

white Americans. This makes it likely 

that the effect is due to attitudes 

towards people of African origin and 

not merely associations with skin 

colour, the researchers say. 

The study also showed that the 

effect, though subtle, influences 

white students’ perceptions of 

black people. The researchers asked 

115 white volunteers to watch a video 

of police violently subduing a suspect 

of indeterminate race, after first 

priming the students with a 

subliminal glimpse of a word relating 

either to apes or to big cats. Those 

who were primed with ape words 

were more likely to say the police 

violence was justified – but only if 

they were told the suspect was black 

(Journal of Personality and Social 
Psychology, vol 94, p 292). 

The researchers were stunned by 

their findings, says team member 

Phillip Atiba Goff of Pennsylvania 

State University in University Park  . 

“I had to take a couple of days off 

to just handle it.” Experts on the 

psychology of prejudice agree. “The 

idea that people would associate 

other people with animals, and on 

such an unconscious level, is really 

provocative,” says Susan Fiske at 

Princeton University.

Even students who showed no 

signs of racism on a standard test of 

racist attitudes shared the tendency 

to associate blacks with apes. Indeed, 

only 9 per cent of the students said 

they were even aware that blacks were 

sometimes stereotyped as apelike. 

Subtle cultural biases may be 

keeping the association alive, the 

researchers say. For example, 

when they analysed more than 

600 accounts of criminal cases, the 

team found that accounts of black 

defendants were more likely to 

include animalistic descriptors such 

as “barbaric” and “predator”.

Even depictions of human 

evolution – which often pass through 

vaguely African-looking ancestors 

and end with a white Homo 
sapiens – may dehumanise blacks, 

Eberhardt says. “There is something 

wrong with the social environment 

so that these associations still 

resonate,” she says.  Bob Holmes  ●

(See editorial comment, page 5)

Racial stereotyping 
persists in ‘non-racists’

SOUNDBITES

‹ It’s not good enough 
for diners to be treated as 
cheapskates just because 
they asked for tap water.›
Yve Buckland, chair of the UK’s 

Consumer Council for Water, launching 

an initiative to persuade restaurants 

to stop pushing bottled water at 

customers – the transport of which 

accounts for 32 kilotonnes of carbon 

dioxide emissions per year in the UK 

(The Guardian, London, 11 February) 

‹ A lot of arranged 
marriages are with first 
cousins, and that produces 
lots of genetic problems in 
terms of disability.›
UK environment minister Phil Woolas 

warns that inbreeding has triggered a 

surge in birth defects (The Sunday 

Times, London, 10 February) 

‹ To claim that this is in any 
way scientific is to continue 
the charade that surrounded 
this issue from day one.›
Australia’s environment minister Peter 

Garrett on photos of a Japanese whale 

hunt, taken from an Australian customs 

vessel, which could be used in a legal bid 

to stop Japanese whaling in Antarctic 

waters (Brisbane Times, 7 February)

‹ You’re looking at a different 
quality of kid to be a petty 
officer on a nuclear ship.›
Timothy LaFleur, ex-head of the US 

Naval Surface Forces command, considers 

the crewing ramifications if rising oil 

prices were to persuade the Pentagon 

to buy more nuclear-powered ships (The 

San Diego Union-Tribune, 7 February) 

‹ I’ve seen buyer’s remorse. 
It kicks in after they realise that 
new pair of shoes didn’t make 
them feel better, and there’s 
that sense of ‘Oh my God, why 
did I spend money on this?’›
Personal shopper Kalyn Johnson of 

New York City-based Style by Kalyn 

Johnson on the finding that people’s 

spending judgement goes out the 

window when they’re feeling sad 

(Associated Press, 8 February)
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IT IS well known that when the 

dangers of smoking became 

increasingly obvious in the 

1950s, tobacco companies 

funded scientific research aimed 

at downplaying the risks. Now, 

a little-known strand of that 

campaign, aimed at giving an 

intellectual gloss to pro-smoking 

arguments, has been detailed for 

the first time. 

In an attempt to win hearts 

and minds, the tobacco 

companies bankrolled a network 

of economists, philosophers and 

sociologists. Documents newly 

scrutinised by academics reveal 

that members of the network 

generated extensive media 

coverage and numerous academic 

articles – with almost no mention 

that the work had been paid for by 

cigarette manufacturers. 

“The industry realised it 

had to affect public opinion,” 

says Anne Landman, an 

independent tobacco policy 

expert based in Colorado, who 

carried out the research with 

colleagues at the University of 

California at San Francisco. 

Landman and her colleagues 

found details of the scheme in 

the   Legacy Tobacco Documents 

Library , a collection of 8 million 

industry documents made 

public and assembled during 

court cases against tobacco 

companies. Although some 

individuals in the network have 

already been been linked to the 

tobacco industry, including the 

psychologist Hans Eysenck and 

the philosopher Roger Scruton, 

the UCSF study is the first to 

catalogue the full scale of the effort 

(Social Science & Medicine, DOI: 

10.1016/j.socscimed.2007.11.007).

The network originated in the 

1970s, when the social impacts of 

smoking, such as fire risks and 

medical costs, were increasingly 

being discussed. The documents 

show that seven international 

cigarette firms, including industry 

giants Philip Morris, British 

American Tobacco and Rothmans, 

met in 1977 to formulate a “united 

approach” to this threat. All seven 

declined opportunities to respond 

to the allegations.

The companies started by 

bankrolling academics opposed 

to smoking restrictions, including 

economists who questioned 

the financial benefits of the 

restrictions and anthropologists 

who argued that smoking brings 

people together and so has social 

benefits. Eysenck contributed a 

paper blaming genetic factors for 

tobacco-related diseases.

The link with industry was 

seldom mentioned. For example, 

a 1985 book entitled Smoking and 

Society: Towards a more balanced 

perspective comprising articles 

from network members contained 

only one line citing the “assistance 

and support of representatives” 

from cigarette firms. A few years 

later, in a 1998 piece  for The Times 

newspaper in London, Scruton 

attacked arguments over smoking 

and health costs by noting, for 

example, that smokers impose 

less of a health burden than 

others  because they die early. It 

was revealed in 2002 that he had 

been paid annually by Japan 

Tobacco International.

 Tobacco firms also pumped 

half a million dollars a year 

during the 1990s into Associates 

for Research into the Science of 

Enjoyment, a group attacking 

health “puritanism”.  ●

“The network generated extensive 

media coverage – with almost 

no mention that the work had 

been paid for by cigarette firms”

JIM GILES

Big brains bought 
by big tobacco 

www.newscientist.com 16 February 2008 | NewScientist | 11

www.newscientist.com/lowcarbonuk

The vision: a low-carbon UK by 2050
The question: how?

· Is it possible to reduce carbon emissions by 80%
and retain economic stability?

· What are the first steps we need to take to deliver
a low-carbon society?

· What is your vision of a low-carbon society?
 Will it be a better place to live and work?

· What are the barriers/threats to delivering a
 low-carbon society?

Your views will inform a report being prepared in the
run-up to the 2009 UN climate summit.

Take part now at:
www.newscientist.com/lowcarbonuk

A

Accompanying a series of events organised by Arup in association with
the HSBC Climate Change Partnership and The Climate Group, the New
Scientist forum asks how we can achieve a low-carbon UK by 2050.

–If the intellectuals say it’s OK…–
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This week–

CALL it CSI: Malaria. It has a plot 

to rival any TV crime drama – 

an elite medical team has hooked 

up with Interpol and the Chinese 

security services to crack down 

on the deadly trade in counterfeit 

drugs. Now two Chinese 

nationals face trial charged with 

distributing fake versions of the 

anti-malarial drug artesunate.

Artesunate is the only 

effective treatment for malaria 

across much of south-east Asia. 

It is made by companies 

including Guilin Pharma of the 

Guangxi autonomous region in 

southern China. But the Guilin 

product is widely counterfeited, 

with seriously ill patients 

receiving  knock-off tablets 

containing little or no artesunate. 

 People have succumbed to 

malaria,  although the exact death 

toll remains unknown. Despite 

papers in medical journals 

raising the alarm,  the problem 

seemed to be getting worse – 

with up to 52 per cent of tablets 

across the region containing no 

artesunate, according to   surveys 

led by Paul Newton  of the 

Mahosot Hospital in Vientiane, 

Laos. “We needed to take a 

different tack,” he says. 

That opportunity came at a 

confidential meeting between 

Newton’s team, World Health 

Organization officials and 

representatives of Interpol, held 

in Manila, the Philippines, in May 

2005. It spawned an operation 

coordinated by Interpol, under 

which Newton’s team expanded 

to include forensic experts who 

uncovered crucial information 

about the source of the fakes. 

The evidence pointed to 

southern China, the scientists 

reveal in PLoS Medicine (DOI: 

10.1371/journal.pmed.0050032). 

Pollen grains in some tablets 

matched plants that grow near 

the border between China and 

Vietnam, while other tablets were 

made from a form of calcite found 

in a particular mine in Guangxi. 

The team also studied how the 

fakes were packaged – including 

attempts to mimic security 

holograms – and tested the 

tablets for other drugs. In some, 

they found safrole, a precursor 

of ecstasy, suggesting a link 

with other aspects of the illegal 

drugs trade. Others contained 

the analgesic paracetamol. This 

would ease malaria symptoms, 

conning patients into thinking 

they were getting better. “That’s 

probably the most dangerous 

case,” says Facundo Fernández 

of the Georgia Institute of 

Technology in Atlanta, an 

analytical chemist on the team.

The scientists suggest that 

there are two probable 

distribution chains working 

from China (see Map). The eastern 

trade, distributing into Vietnam, 

Cambodia and Laos, involves 

packaging with simple stickers 

rather than holograms, and the 

tablets contain a variety of other 

drugs. The western trade, 

operating through Burma, 

Thailand and Laos, involves 

packaging with fake holograms 

and tablets without the plethora 

of wrong ingredients. 

Interpol presented evidence to 

the Chinese authorities in March 

2006. Since then, two suspects 

alleged to be key figures in the 

western distribution chain have 

been arrested. “We were delighted 

with the response,” says John 

Newton of Interpol in Lyon, France. 

The pair facing trial are 

thought to be responsible for 

most of the fakes crossing the 

China-Burma border, their 

shipments almost as large as 

official exports of artesunate to 

Burma and Thailand. 

The owner of the factory, 

believed to be in Guangdong 

province, remains at large, and 

the criminals are expected to 

regroup. Fakes also presumably 

continue flowing in the east.

Having scored a significant 

victory, the team intends to build 

on its success, both in Asia and 

beyond. “We’re already seeing 

fake artesunate in   Africa ,” warns 

Paul Newton. “It probably comes 

from Asia as well.”  ●

Fake drug gangs 
foiled by pollen
PETER ALDHOUS
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“Having scored a significant 

victory, the team intends to 

build on its success, both 

in Asia and beyond”

MEDICINES THAT KILL

Where China’s fake anti-malarial drugs are going

GUANGDONG

Location of factory 

here unknown

GUANGXIYUNNAN

Rangoon

Bangkok

Vientiane SOUTH CHINA SEA

GULF OF THAILAND

ANDAMAN SEA

Ho Chi Minh City

Phnom Penh

Calcite mine

CHINA

BURMA

POSSIBLE 

DIRECTIONS 

OF WESTERN

TRADE

POSSIBLE 

DIRECTIONS 

OF EASTERN

TRADE

INDIA

THAILAND

CAMBODIA

LAOS

VIETNAM

Calcite to 

make tablets
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This week–

IT’S an ambitious task, recreating 

the universe in a bucket. But if it is 

successful, the experiment could 

help solve the twin puzzles of why 

we’re made of matter rather than 

antimatter and where the huge 

magnetic fields that span galaxies 

come from. 

At last month’s   Cosmology 

Meets Condensed Matter 

conference  in London, it emerged 

that space-time could be simulated 

in the lab using weird substances 

known as “superfluids”, which 

flow without resistance and can 

even climb up the walls of jars. 

Intriguingly, the equations 

governing the particles inside 

superfluids are similar to those 

that represent the early universe, 

says Ray Rivers at Imperial College 

London. “We hope that we can 

use these to check things in the 

lab that frankly we don’t have 

any hope of seeing through 

astrophysical observations.”

Tanmay Vachaspati at 

Princeton University thinks that 

studying superfluid helium-3 

could help solve two mysteries: 

why the universe is made 

almost entirely of matter rather 

than antimatter and the 

seemingly inexplicable origin of 

the magnetic fields that thread 

through galaxies. 

Cosmologists believe that 

equal amounts of matter and 

antimatter should have been 

created in the early universe. But 

since matter and antimatter 

annihilate each other, something 

must have happened to create 

an excess of matter, leading 

to the universe we see today. 

Some of the antimatter could 

have been converted to matter 

through a process involving 

virtual particles, which 

momentarily pop out of the 

vacuum before disappearing 

again, says Vachaspati. Among 

these would have been magnetic 

monopoles – hypothetical 

particles carrying a single magnetic 

charge. As the monopoles 

disappear, they force nearby 

antimatter to become matter. 

The monopoles, says 

Vachaspati, could also leave behind 

a trace: twisted magnetic field 

lines. These lines would have been 

stretched out as the universe 

expanded, giving rise to galactic 

magnetic fields.

These traces in the early 

universe would be hard to spot in 

the cosmic microwave background 

left behind by the big bang, but 

superfluid helium-3 could provide 

a way to test the idea, Vachaspati 

says: spin a container of the stuff, 

and you create vortices whose 

edges share similar dynamics to 

monopoles, including their 

disappearing act. This means that 

the twisted field lines would be 

visible in the arrangement of 

superfluid particles left when the 

vortices disappear. “I really want 

to encourage experimentalists to 

look for this,” he says.  ●

Strange fluids may shed 
light on the universe…
ZEEYA MERALI

“We hope to use superfluids to 

check things in the lab that we 

have no hope of seeing through 

astrophysical observations”
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IMAGINE being able to peek inside 

a black hole and even perform 

experiments there. It may not be as 

far-fetched as it sounds, thanks to a 

team which claims to have simulated 

a black hole’s event horizon in the lab.

Ulf Leonhardt at the University 

of St Andrews, UK, and his colleagues 

accomplished the feat by firing lasers 

down an optical fibre, exploiting the 

fact that different wavelengths of 

light move at different speeds within 

an optical fibre.

They first shot a relatively slow-

moving laser pulse through the fibre, 

and then sent a faster “probe wave” 

chasing after it. The first pulse 

distorts the optical properties of the 

fibre simply by travelling through it. 

This distortion forces the speedy probe 

wave to slow down dramatically when 

it catches up with the slower pulse 

and tries to move through it. In fact, 

the probe wave becomes trapped 

and can never overtake the pulse’s 

leading edge, which effectively 

becomes a black hole event horizon, 

beyond which light cannot escape.

This “laser black hole” could 

allow physicists to examine what 

happens to light on both sides of a 

event horizon – “a feat that is utterly 

impossible in astrophysics”, the 

authors note in their paper 

  (www.arxiv.org/abs/0711.4796) . 

Cosmologists have already worked 

out exactly how light should change 

frequency as it approaches an event 

horizon – from the outside or the 

inside of a black hole – and sure 

enough, the team observed exactly 

these shifts in their experiment. 

It should also be possible to use 

the artificial event horizon to help 

test whether anything can escape 

from a black hole. In the 1970s, 

Stephen Hawking predicted that hot 

black holes could radiate particles, 

dubbed Hawking radiation, but it’s 

tough to check this using telescopes, 

because they’d be swamped by 

noise. The team calculates that their 

laser black hole shares this property, 

and that it will “radiate” photons if 

it heats up to about 1000 ̊C. 

Ray Rivers at Imperial College 

London is impressed by the work’s 

potential to test astrophysical 

phenomena: “They’ve done some 

clever stuff to give us a chance of 

seeing Hawking radiation for the 

first time.” Leonhardt presented 

the results at the Cosmology Meets 

Condensed Matter meeting in London 

last month.  Zeeya Merali  ● 

–Illuminating the event horizon–
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…while laser 

light creates black 

holes in the lab
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THE earliest fossil bat yet found 

suggests that the species’ 

trademark echolocation had yet 

to evolve.

Nancy Simmons of the 

American Museum of Natural 

History, New York, and her team 

found the fossil in the 52-million-

year-old Green River Formation 

in Wyoming. The species, 

Onychonycteris finneyi, had a 

strong ribcage and long finger 

bones, suggesting that it could fly, 

and its teeth were similar to those 

of modern insect-eating bats. But 

it lacked the special ear-bone 

modifications needed for 

echolocation – the ability to 

use reflected sound to find and 

identify objects while flying – and 

probably flew “deaf” (Nature, 

DOI: 10.1038/nature06549).

“Without echolocation, 

Onychonycteris would probably 

not have been good at catching 

insects in flight,” says Simmons, 

though it might have used vision 

or smell to help find insect prey. 

Like some modern bats, it might 

also have used “passive audition”, 

such as listening out for sounds 

that insects make when they 

crash into vegetation.

But it was not long before 

echolocating bats replaced 

O. finneyi. Fossils of another bat, 

Icaronycteris index, found in the 

same rock, have skull bones 

consistent with echolocation.

Earliest bats had no use for echoes

JUDGING the effect of climate 

change on ocean currents could 

take longer than we thought. 

The circulation of warm water 

in the North Atlantic is suspected 

to be slowing, and the worry is 

that global warming is to blame. 

To investigate this, Carl 

Wunsch of the Massachusetts 

Institute of Technology used 

observations taken from buoys 

to build a model of Atlantic 

circulation. It suggested that 

currents could speed up or slow 

down naturally by a greater 

amount than the suspected 

slowdown linked to global 

warming, and such changes could 

persist over months or even years 

(Nature Geoscience, DOI: 10.1038/

ngeo126). It will take decades of 

observations to account for these 

effects, Wunsch warns.

Atlantic circulation 

muddies water

IS IT possible to have a shower of 

constant warmth when you’re 

sharing a hot-water supply?

Christina Matzke at the 

University of Bonn in Germany 

and Damien Challet of the Institute 

for Scientific Interchange in 

Turin, Italy, used a mathematical 

model to show that shower 

temperature becomes increasingly 

sensitive to small changes in hot-

water flow as the number of users 

increases. Thus in a youth hostel, 

for example, the showers often 

fluctuate between scalding hot 

and ice cold during heavy use.

The temperature can stabilise, 

however, if bathers adopt a range 

of strategies for adjusting the 

shower taps – for example, if 

some fiddle with the hot tap 

while others tweak the cold. 

But that comes at a price: what 

hot water there is then gets 

distributed evenly, so everyone’s 

shower becomes colder than 

they might like  ( www.arxiv.org/

abs/0801.1573v1 ).

Shower palaver

EVERY child knows that you don’t have to follow an exact 

recipe to build a sandcastle. All you need is sand plus a 

splash of water – and now we understand why.

Mario Scheel at the Max Planck Institute for Dynamics 

and Self-Organization in Göttingen, Germany, and colleagues 

studied how a liquid squeezes between grains. Using a 

series of X-ray images to build up a three-dimensional 

picture of the sand pile, they found that with the driest 

sand-and-water recipe, the grains were linked by liquid 

bridges shaped like a double-ended trumpet (Nature 

Materials, DOI: 10.1038/nmat2117). When enough of 

these bridges form, the mixture is able to hold its shape. 

From then on, unless the mixture becomes saturated, 

adding more liquid doesn’t make much difference. “The 

liquid goes into the crevices and fuses the bridges 

together,” explains Martin Brinkmann, one of Scheel’s 

collaborators. As long as the bridges retain something of 

their original shape their mechanical properties remain 

the same, he says. 

The result could be applied to many different liquids 

and granular materials, and help us understand other 

mixing processes. It might even help to determine the 

critical point at which a combination of mud and water 

can become a landslide. 

How a sprinkle of water helps 
sandcastles stand firm
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TO LOSE weight, bin the diet cola. 

That’s the message from studies 

showing rats got fatter on diets 

containing artificial sweeteners 

than on those with sugar. 

Susan Swithers and Terry 

Davidson at Purdue University in 

West Lafayette, Indiana, gave rats 

set amounts of yogurt sweetened 

with either sucrose or saccharin, 

plus an unrestricted supply of 

ordinary rat food  and water. Five 

weeks later, the saccharin-fed rats 

had eaten more food, gained 

more weight and put on more 

body fat than the others. 

The researchers also found that 

giving the sucrose-fed rats a high-

calorie chocolate pudding treat 

made them eat less afterwards, 

whereas the saccharin-trained rats 

showed less restraint in what they  

ate next (Behavioural Neuroscience, 

DOI: 10.1037/0735-7044.00.0.000).

Swithers and Davidson 

conclude that animals, including 

humans, use cues like sweetness 

to predict satiation. When the 

relationship between sweetness 

and calories is consistent, they 

unconsciously use it to regulate 

intake; when it’s inconsistent, 

they can’t. “We’re taking away an 

unconscious, automatic process,” 

says Swithers. 

The paradox of 

diet sweeteners

USING biofuels instead of fossil 

fuels will do little to cut carbon 

emissions, and could even increase 

them because of the extra land 

the crops will require.

Joseph Fargione of The Nature 

Conservancy in Minneapolis, 

Minnesota, and colleagues looked 

at the “carbon debt” that will 

accrue if land is cleared to grow 

biofuel crops. This leads to 

carbon being released, initially 

when forests are felled or bush is 

cleared, and in the longer term 

when dead roots decay.

They found that for every 

10,000 square metres of Brazilian 

rainforest cleared for growing 

soya to make biodiesel, over 

700 tonnes of CO2 would be 

released. The carbon saving from 

the resulting biodiesel would not 

cancel that out for around 

300 years. Converting rainforest 

in Indonesia to grow palm oil 

creates a carbon debt that will take 

over 400 years to repay (Science, 

DOI: 10.1126/science.1152747).

In a separate study, Timothy 

Searchinger of Princeton 

University and his team argue 

that producing corn in the US for 

fuel could have dramatic knock-

on effects. Some of this US-grown 

corn is now used to feed cattle, so 

farmers in Brazil and elsewhere 

are likely to clear forests to grow 

corn to make up for the shortfall. 

When the carbon released by such 

clearances is accounted for, corn 

ethanol produces nearly twice as 

much carbon as gasoline (Science, 

DOI: 10.1126/science.1151861).

“The implications of these 

changes in land use have not been 

appreciated up until now,” says 

Alex Farrell at the University of 

California, Berkeley.

Clearing land for biofuel crops just makes things worse

WANNABE rock stars: keep practising. 

Yet more evidence has emerged that 

musicians are made through 

training, not born with the gift. 

We already know there is 

something special about the way 

musicians’ brains react when they 

hear music. Now new scans have 

revealed that specific regions of the 

brain dedicated to musical syntax 

and timbre become even more 

animated than usual in musicians 

when they hear recordings of their 

own type of instrument. 

Elizabeth Margulis at the 

University of Arkansas in Fayetteville 

and her colleagues noticed the 

distinctions when playing music to 

flautists and violinists: only when 

the musicians heard their own 

instrument did these areas show this 

boost in activity. 

The team reckons the musicians’ 

intense training for specific 

instruments is responsible. If the 

brain’s response to the music were 

decided by genetics, they argue, 

brain scans would be similar in 

all musicians listening to music, 

regardless of the instruments played. 

Margulis speculates that other 

differences previously observed 

between musicians and non-

musicians may also be due to 

training alone (  Human Brain 

Mapping, DOI: 10.1002/hbm.20503 ). 

“The suggestion has been that 

musicians have a different brain, but 

it doesn’t seem they were born that 

way,” she says.

Baby, we weren’t 
born to strum

MACAQUES may just seem to be 

indulging in monkey chatter, but they 

can distinguish one another’s voices 

in much the same way as we recognise 

those of other people.

In the human brain, the “voice 

region” in the auditory cortex activates 

when we hear others speak. It had 

been unclear if the voice region was 

a specialist adaptation, unique to 

humans, that evolved with our 

spoken language skills.

Now Chris Petkov at the Max Planck 

Institute for Biological Cybernetics in 

Tübingen, Germany, and colleagues 

have found that monkey brains also 

have a voice region. 

They played a variety of sounds to 

seven macaques and used fMRI to 

detect any brain areas with increased 

activity. One region, corresponding 

to a site close to the voice region in 

the human brain, lit up in response 

to macaque coos and grunts but was 

less active when the monkeys heard 

other animals, thunder or the sound 

of rain   (Nature Neuroscience, DOI: 

10.1038/nn2043).

Further tests on one monkey 

showed that the same brain area was 

more sensitive to differences between 

individual macaque voices than to 

different utterances from one 

macaque . “This means we may be 

able to use these monkeys as a model 

to study ‘voice blindness’, a condition 

where humans cannot tell people 

apart by their voices,” says Petkov.

Monkey brains 
hear voices
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Comment and analysis–

ON ISSUES from genetically modified 

crops to climate change, scientists are 

confronted by critics seemingly willing 

to say or do anything to win the debate. 

Faced with such opposition, it can be 

tempting to push facts harder than 

they can bear, simply to get a hearing.

This temptation has long worried 

some of the scientists at the sharp end 

of such controversies. When the issue 

of global warming first made headlines 

in the late 1980s, the   influential 

climate researcher Stephen Schneider  

expressed the hope that scientists 

could strike a balance “between being 

effective and being honest”.

Yet such hope seems increasingly 

forlorn in one such controversy: the 

justifiability of animal experiments. 

Provoked by opponents prepared to 

use everything from celebrity 

endorsement to lethal force, the 

science community has begun sliding 

down a slippery slope – making 

assertions that lack any basis in fact. 

Let’s be clear: animal experiments 

have undoubtedly been important in 

many areas of medicine, from 

immunology to surgery. Concern over 

the public’s lack of appreciation of this 

fact prompted many eminent 

researchers, including six Nobel 

prizewinners, to   sign a declaration in 

1990  stating that animal experiments 

have made “an important contribution” 

to medical science and surgery.

Since then, attitudes on both sides 

have hardened. The protests have 

grown more strident – and so have the 

pronouncements of scientists. Those 

same eminent researchers and even 

the Royal Society have taken to making 

a far stronger statement about the 

value of animal experiments: that 

  “virtually every medical achievement 

of the last century has depended 

directly or indirectly [on research 

involving animals]” .  

This is certainly an impressive 

rejoinder to critics of such research – 

but is it true? To find out, I traced the 

origins of the statement, and examined 

the evidence behind it. The results will 

appear in this month’s issue of the 

  Journal of the Royal Society of Medicine  , 

and they do nothing to engender trust 

in the scientific community. 

The statement may have acquired 

the imprimatur of the UK’s leading 

scientific academy, but it turns out that 

it does not originate there – or even in 

the refereed literature. The wording 

comes from an anonymous article in   a 

newsletter circulated by the American 

Physiological Society in 1994 , and 

attributed to the US Public Health 

Service. It contains not one reference 

to the scientific literature.

Long lists of breakthroughs 

attributed to animal research can 

indeed be found on the websites of pro-

experimentation lobby groups, but they 

fall far short of representing “virtually 

every” medical achievement of the last 

century. This might sound churlish, 

but there’s a point of principle here. 

The adoption of the statement by so 

many eminent scientists places a clear 

obligation on them to substantiate it 

with evidence. Their failure – and, in all 

probability, inability – to do so leaves 

them open to a charge of abuse of 

intellectual authority.

More problematic still is the 

assertion that all these medical 

achievements “depended directly or 

indirectly” on animal experiments – 

that is, such experiments were not 

merely part of the discovery process, 

but provided invaluable weight of 

evidence. The distinction is crucial, 

given the widespread use of animals 

in medical research. Such use is 

mandatory in drug discovery, so every 

new wonder-drug involves the use of 

animals at some stage. But to claim this 

proves their value is as nonsensical as 

claiming that the wearing of lab coats 

proves their value in finding new cures.

The real question with animal 

experiments, then, is not their 

involvement in major breakthroughs, 

but whether they actually do any good. 

Astonishingly, that has never been 

formally established. Despite decades 

of research involving animals, there 

have been few systematic attempts to 

see how reliable the outcome really is. 

Most attempts have been in the field 

of toxicity testing, and the results are 

far from encouraging. Few provide 

enough data to allow the value of 

animal studies to be worked out; 

those that do suggest they are no 

more informative than tossing a coin.

Does this prove that all animal 

research is useless? No – but it does 

show that assertions about the value of 

such research are unsupported by data. 

It also explains the lack of supporting 

references in the original 1994 

statement: there weren’t any to give. Yet 

its endorsement by so many authority 

figures has given it a wholly spurious 

level of scientific credibility – one that 

few non-scientists could easily dismiss. 

The solution, of course, is to 

establish a systematic study of the 

real value of animal experiments to 

medical science. It will be expensive 

and time-consuming, and may not give 

the desired result. In the meantime, the 

scientific community should have the 

courage to ignore the hectoring of 

animal rights activists and state not 

what it hopes is true, but what it can 

prove to be true. To go beyond the 

facts is to risk that most precious 

commodity: intellectual integrity.  ●

Robert Matthews is visiting reader in 

science at Aston University, Birmingham, UK 

Nothing but the truth

“The question of 
whether animal 
experiments do 
any good has 
never been 
established”

No matter how extreme activists get, scientists must resist the 
temptation to go beyond the facts, warns Robert Matthews

20 | NewScientist | 16 February 2008 www.newscientist.com

080216_N_Comment.indd   20080216_N_Comment.indd   20 11/2/08   16:28:4211/2/08   16:28:42



Letters–

Where is the money? 

From   Guy Houlsby, 

Brasenose College, Oxford 

How could Alan Jones write an 

entire page on the skills shortage 

in the sciences (  26 January, p 23 ) 

without a single appearance of 

the word “salary”?

Oxford, UK

From   Roger Calvert, 

Associate Dean, Education, 

Faculty of Engineering, Science 

and Mathematics, 

University of Southampton 

Alan Jones calls for universities 

to produce more high-quality 

bioscience graduates and his 

industry group, Semta, proposes 

to establish a forum where 

employers can tell universities 

what skills they need.

I am sure they will find 

universities receptive to their 

ideas – if they can speak with 

one voice. But this can only have 

a marginal effect because the 

main problem is a shortage of 

good students entering the 

programmes: minor changes 

to the curriculum will have little 

effect on the attractiveness of 

science to school-leavers.

What will have an effect, as 

ever, is money. If employers 

sponsor students through their 

three or more years of study, 

provide vacation employment 

and training, and guarantee a 

job at graduation (subject to 

performance), the situation 

could change radically.

University departments would 

have an additional incentive 

to provide suitable courses if 

employee sponsors paid their 

students’ full fees, rather than the 

reduced rate for UK/EU nationals.

In industrial terms, the cost of 

each sponsored student is small, 

and the employers will benefit 

from reduced recruiting costs and 

staff stability. Come on, industry: 

if you want the students, help us 

find and provide them!

Southampton, UK

From Stephen Bazlington

As the father of a biomedical 

graduate, a mechanical 

engineer, a medical doctor and 

a physiotherapist, I have formed 

the clear opinion that industry 

needs to pay scientists a living 

salary if graduates are to be 

encouraged to enter the science 

world. The biomedical graduate 

has become a carpenter. The 

mechanical engineer is in the 

army and sees no future in 

engineering when he leaves.

Great Dunmow, Essex, UK

From Jacqueline Bussy

I am continually reading about 

the lack of science graduates in 

the UK – especially female science 

graduates – and concerns that the 

UK will become uncompetitive.

This contrasts sharply with 

my own experience. I have just 

graduated with a first class 

honours degree in human 

biology, yet I have been unable 

to find employment either at a 

suitable graduate level or even a 

position that just pays enough to 

manage the bills. It is frustrating 

that I have to rely on accountancy 

skills from my previous career 

to find gainful employment.

The dearth of jobs for new 

science graduates, combined 

with the current excess of PhD 

graduates in the market, means 

that new graduates are always 

second choice. My options 

now are to continue temping, 

gradually losing my skills through 

lack of use, or to embark on a PhD. 

What will happen to graduates 

like me, who want an assistant 

role and do not particularly want 

to study to PhD level? Is there just 

no room for us any more?

Banbury, Oxfordshire, UK

Respect required too

From Chris Callaghan

Working for many years as a 

senior product development 

chemist for a major international 

corporation, I always took off 

my white lab coat whenever I 

attended board meetings. My 

bosses used to question this. 

I always responded that the 

commercial managers regarded 

the white coat as a badge of low 

office and that I preferred to leave 

that status back in the laboratory 

when allowed to emerge, blinking, 

into the “real world”.

Youngsters gravitate towards 

careers in areas that have older 

people enthusing about the 

fun, respect, kudos, earnings, 

promotion or other incentives 

they have received. Contrast this 

with science’s unsocial hours, 

rubbish conditions, poor salary 

and few chances of advancement, 

and you will understand why 

I discourage my sons from 

following in my footsteps.

Faversham, Kent, UK

What political difference?  

From Vincent Campbell, 

  Department of Media and 

Communication, 

University of Leicester 

I was very interested in the 

ideas presented in Jim Giles’s 

discussion of the possible genetic 

roots of political preference 

(  2 February, p 28 ) and its even-

handed consideration of what is 

obviously a contentious concept. 

The real problem for me, 

however, is the way this is being 

framed by predominantly 

American researchers, and 

their use of the terms “liberal” 

and “conservative” as if they 

were actually meaningful in 

American politics. 

It gets worse outside the US, 

where the distinction between 

“liberal” capitalists and 

“conservative” capitalists is so 

small that it barely exists at all. 

Taking the four remaining 

major US presidential candidates 

as an example, is it any wonder 

that factors other than these 

labels seem more important to 

their chances of success? Hillary 

Clinton’s chances seem less 

determined by “liberalness” than 

by gender, Barack Obama’s by 

race, Mitt Romney’s by religion 

and John McCain’s by age.

None of this undermines the 

possibility of some genetic 

influence on political preference, 

which seems as logical as the idea 

of genetic influence on pretty 

much any aspect of human 

behaviour. However, a better 

approach might be to use labels 

that are not parochial to an 

illusion of political difference in 

mainstream American politics.

Leicester, UK

True threats to reason

From Stuart Grist

I was dismayed that, as author 

of The Threat to Reason, your 

contributor Dan Hind names 

politician Dick Taverne as a 

defender against the powers of 

darkness (  19 January, p 46 ). I have 

just listened to Taverne  on BBC 

Radio 4 declaring that anyone 

who refuses to be browbeaten 

or hoodwinked into eating 

genetically modified products 

is “committing a criminal act”. 

How much Taverne knows about 

science, I do not know.

Frustratingly, politicians – and 

radio programmes – continue to 

speak as though most people who 

oppose GM foods do so for health 

reasons. I suggest that the main 

concern is that we do not want a 

single molecule of anything we 
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eat to contribute to, or to be 

patented and owned by, a reckless, 

ruthless chemical organisation.

Newmarket, Suffolk, UK

From Patrick Murray

Dan Hind highlighted an 

important issue facing western 

society: that of ideological 

dominance, which leads the 

intelligentsia to avoid criticising 

the crimes of their own states 

and instead to focus on those 

of the “official” enemy. It is very 

easy, for example, to condemn 

the weak as terrorists. The 

condemnation of the strong 

is a rare activity indeed.

The historical record shows 

that terrorism is usually a weapon 

of the strong, not the weak: 

compare the violence perpetrated 

by “Muslim extremists” towards 

the west with the much greater  

violence perpetrated by the west 

in the Middle East. It is also clear 

that the former violence receives 

much greater condemnation and 

analysis than the latter. This is 

self-censorship: to break it 

threatens an individual’s 

mainstream acceptability.

Yet it is the job of any 

scientist to apply analysis and 

criticism equally, and to do 

otherwise is irrational. This is 

the principle of universality. 

If the intelligentsia are serious 

about the rational thought 

of others, they need to be 

rational themselves.

Brighouse, West Yorkshire, UK

Asymmetric credit

From Cormac O’Raifeartaigh, 

Waterford Institute of Technology

While Zeeya Merali provides a 

most interesting article on 

“unparticles” (  26 January, p 32 ), 

many physicists will be taken 

aback by the statement that 

Howard Georgi “pioneered 

supersymmetry, a theory he 

proposed in 1981 with Savas 

Dimopoulos at Stanford 

University”. Most particle 

physicists agree that the theory 

of supersymmetry was originally 

proposed in the late 1960s by 

Soviet theorists Yu Gol’fand and 

Evgenii Likhtman and developed 

by Julius Wess and Bruno Zumino 

in 1973. Indeed, simple models of 

supersymmetry breaking, such 

as the O’Raifeartaigh model, had 

already emerged by 1975.

Perhaps Merali meant that the 

first realistic supersymmetric 

version of the standard model of 

particle physics was proposed in 

1981 by Georgi and Dimopoulos.

Waterford, Ireland

What is pro-life?

From Jerry Mack

I sometimes wonder whether I’m 

the only pro-life, religious reader 

of New Scientist. Your latest bit 

of silliness is a rant courtesy of 

philosopher A. C. Grayling in 

his Mindfields column (  22/29 

December 2007, p 76 ). I wish 

that those arguing against the 

pro-life position would at least 

understand what we are saying 

and argue against that, instead of 

fighting some straw man of their 

own making.

I was once asked whether 

an acorn is an oak tree, the 

questioner’s point being that a 

fetus is not a person. An acorn is 

not an oak tree. It is, however, an 

oak. The life cycle of an oak is 

from acorn to shoot, from sapling 

to young tree and, finally, to a 

mature oak tree. Likewise, pro-

lifers do not see an embryo as a 

“potential” person, to use 

Grayling’s term, but rather as a 

person at one stage of their life 

cycle: from fertilised ovum to 

blastocyst, embryo, fetus, infant, 

child, adolescent and, finally, 

adult. At every stage its essence 

is the same. 

Our argument is not that one 

cannot sacrifice a “potential” 

person to help another – as in the 

case of medical discoveries using 

embryonic stem cells – but that 

one cannot sacrifice an actual 

person to help another – any 

more than one could sacrifice 

one child to save another.

The argument that fertilised 

ova dying naturally somehow 

justifies killing them is one of the 

more ridiculous I’ve come across. 

People die naturally – does that 

make it OK to kill them to use for 

medical experiments? Surely a 

philosopher should be able to 

understand the difference 

between a natural death and a 

wilful killing.

San Jose, California, US

Wait or walk? 

From Phil Birkin

Mathematicians may have tackled 

the problem of deciding whether 

to wait for a bus or to walk (  26 

January, p 18 ) but in Nottingham, 

among other places, it has been 

solved by computer science and 

engineering. At each stop an 

electronic display lists the 

estimated arrival time of buses 

on each route serving the stop.

Ilkeston, Derbyshire, UK

Space price

From Roger Plenty

You report, without comment, 

Virgin’s proposals for space 

tourism (  2 February, p 21 ). What 

are the anticipated emissions of 

carbon dioxide per passenger per 

5 minutes of space experience?

Stroud, Gloucestershire, UK

Filth, glorious filth

From Renato Filjar

I enjoyed your fine article on the 

idea that dirt and infections could 

ward off cancer  (  12 January, p 34 ). 

It reminded me of the 1983 novel 

Cancer Ward Alert (Uzbuna na 

odjelu za rak) by Neven Orhel, 

a Croatian medical doctor.

Claimed to be purely fictional, 

it deals with the idea of fighting 

cancers by triggering infections. 

The author cites several real 

studies that attempted to explore 

the concept.

I am looking forward to 

proposals to treat cancers with 

bacteria, and not purely to 

support a Croatian doctor 

and his ideas.

Kalinovac, Croatia

Bugged by bugs

From Tim Stevenson

 Please, please, please! What are 

the garishly coloured bacteria 

illustrating “Well-informed 

bugs stay ahead of the pack” 

(  19 January, p 10 )?

Bracknell, Berkshire, UK

The editor writes:

● The illustration showed a 

scanning electron micrograph 

of Escherichia coli treated with 

antibiotic, in which the images 

of individual bacteria had been 

given arbitrary colours.

For the record 

● The  UK  Committee on Medical Aspects 

of Radiation in the Environment  found 

no excess cancers within 25 kilometres 

of nuclear plants. Because of an 

editing mistake, our story “Nuke-plant 

leukaemia link?” (  9 February, p 6 ) 

conveyed exactly the opposite. 

● The reference for the paper by Craig 

Wheeler and colleagues on the shape of 

the Cassiopeia A supernova remnant 

should have been   www.arxiv.org/

abs/0711.3925  (  26 January, p 16 ).

Letters should be sent to: 

Letters to the Editor, New Scientist, 

84 Theobald’s Road, London WC1X 8NS

Fax: +44 (0) 20 7611 1280

Email: letters@newscientist.com 

Include your full postal address and telephone number, 

and a reference (issue, page number, title) to articles. 

We reserve the right to edit letters. Reed Business Information 

reserves the right to use any submissions sent to the letters 

column of New Scientist magazine, in any other format.

 See newscientist.com for letters on:

● Cybrid vigour ● Electric clouds 

● True threats to reason

● Dragon death pose pictures
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Technology

AGILE robotic fish that look like 

the real thing are being developed 

to act as government spies.

The US Office of Naval Research 

(ONR) in Alexandria, Virginia, 

plans to fund the development of 

“highly manoeuvrable artificial 

fish for stealthy surveillance”, 

according to   a recent request for 

research proposals . The fish would 

likely use cameras to gather data – 

on the features of a rogue ship’s 

hull, say – and swim in shoals, 

using sonar to share what they 

find with one another. Although 

robotic submarines are already 

used to   explore the ocean , the 

stealth fish the ONR now wants 

to develop will be smaller and 

more agile . 

The ONR is also interested in 

civil applications for the fish, 

which could act as an active lure 

for sports fishing or as a robotic 

companion for swimmers. 

COATINGS that dissolve when 

exposed to a voltage could be 

used to release drugs implanted 

in the body at specific times.

Researchers at the 

Massachusetts Institute of 

Technology alternately dipped 

a glass substrate in a positively 

charged anticoagulant drug and 

a solution of negatively charged 

nanoparticles to build up a series 

50
years ago on 7 February the 
US Advanced Research 
Projects Agency, now DARPA, 
was created in response to 
the USSR’s Sputnik launch 

Bacteriophages, the viruses that prey on 

bacteria and are notoriously picky about 

which species they attack, are being put 

to work in an electrical bacteria sensor.

Identifying bacteria is a critical 

business for doctors and food safety 

experts, but involves either culturing 

the bacteria until there are enough to 

look at them under a microscope or 

amplifying their DNA. Both these 

processes take hours, sometimes days.

Now   Glenn Gulak  and colleagues at 

the University of Toronto, Canada, have 

built a sensor that detects bacteria in 

minutes. It consists of a positive and 

a negative electrode separated by a 

gap. Inside this “nanowell” is a small 

amount of a bacteriophage specific to 

a particular bacteria species. 

When that bacteria is spotted onto 

the well, the phage attacks, causing a 

wave of dissolved metal ions to spill 

out. The ions change the conductivity 

of the well, allowing the bacteria to 

be detected. 

The approach was   demonstrated by 

researchers at Texas A&M University  in 

2005 using a large, expensive sensor. 

Gulak’s sensor is 25 times smaller and 

made from silicon, so it requires the 

same fabrication technique as computer 

chips and costs just 8 cents. 

So far Gulak has only detected 

two strains of E. coli. But the sensors 

take up less than a square millimetre 

each, so to identify unknown bacteria 

hundreds could be integrated onto 

a single chip with a different, picky 

phage in each well. 

The work   was presented  last week 

at the International Solid State Circuits 

Conference in San Francisco.

NAME THAT BACTERIA IN ONE

of alternating layers. Applying a  

voltage caused the exposed 

nanoparticle layer to dissolve, 

releasing the drug. When the 

voltage was switched off, the 

layers stopped dissolving 

(Proceedings of the National 

Academy of Sciences, DOI: 

10.1073/pnas.0706994105).

Such a device could be 

implanted in a patient’s body 

along with a battery. It could be 

controlled remotely or it might 

monitor the body and switch 

itself on and off accordingly.

For better cellphone performance, get a landline. Currently, cellphone internet speeds 

depend on the number of other people using the local base station. Now network 

provider   Telefónica O2 Europe  has begun trials in the UK of a miniature base station it 

calls a femtocell that users install at home. When anyone with a 3G phone  is within 

range, it intercepts those signals and sends them on via a fixed broadband line.

Machines have woken up to the smell of coffee. Instead of using thousands of 

chemicals to predict a blend’s flavour, a device built by researchers at the Nestlé 

Research Centre in Lausanne, Switzerland, focuses on the relative proportions of a 

handful of chemicals. When   scoring eight blends  on tastes such as citrus and woody, 

its judgement was similar to humans’ (Analytical Chemistry, DOI: 10.1021/ac702196z).

GIZMO

20% were asked 
for money

33% revealed 
where they live

4% met up with 
someone who lied 
about themselves

62% used their 
real name
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BE MY VALENTINE VICTIM

UK internet daters’ actions and online 

profiles have left them open to identity theft 

and other scams

Nipon Das, a director at a biotechnology consulting firm in Manhattan, who tried unsuccessfully to delete his Facebook account last year. While the social 

networking site offers users the option to deactivate their accounts, servers keep copies of the information indefinitely (The New York Times, 11 February)

“It’s like the Hotel California. You can never leave”

–No escape from the phages–
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intelligence

Drugs at the flick 

of a switch
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Technology

WHEN Todd Martínez broke his 

son’s Sony PlayStation he didn’t 

realise this would change the 

course of his   career as a theoretical 

chemist . Having dutifully bought a 

PlayStation 2 as a replacement, he 

was browsing through the games 

console’s technical specification 

when he realised it might have 

another use. “I noticed that the 

architecture looked a lot like high-

performance supercomputers 

I had seen before,” he says. “That’s 

when I thought about getting one 

for myself.”

Six years on and Martínez has 

persuaded the supercomputing 

centre at the University of Illinois, 

Urbana-Champaign, to buy eight 

computers each driven by two of 

the specialised chips that are at 

the heart of Sony’s PlayStation 3 

console. Together with his student 

Benjamin Levine he is using them 

to simulate the interactions 

between the electrons in atoms. 

Scaled up over entire molecules, 

the results  could pave the way 

to predicting how a protein will 

interact with a drug. 

Martínez and Levine are not 

the only researchers who have 

turned to gaming hardware to do 

their number crunching. That’s 

because the kinds of calculations 

required to produce the mouth-

wateringly realistic graphics 

now seen in high-end video 

games are similar to those used 

by chemists and physicists as 

they simulate the interactions 

between particles in systems 

ranging in scale from the 

molecular to the astronomical. 

Rotating, enlarging or reflecting 

an object from one frame to the 

next in a game, for example, 

requires a technique called matrix 

multiplication. Modelling the 

interactions between thousands 

of electrons in a molecule calls for 

similar techniques. 

Such simulations are usually 

carried out on a supercomputer, 

but time on these machines is 

expensive  and in short supply. 

By comparison, games consoles 

are cheap and easily available, 

and they come with the added 

bonus of some innovative 

hardware. For example, the Wii, 

made by Nintendo, has a motion-

tracking remote control unit that 

is far cheaper than a comparable 

device would be if researchers had 

to build it from scratch. 

One key advance is the ease 

with which scientists can now 

program games consoles for their 

own purposes.  Although consoles 

do a great job of rendering 

images, games programs don’t 

require software to save data once 

Reprogram a Wii or a PlayStation and it will perform 
feats that would be unthinkable on an ordinary PC

it has been used to render the 

image. Scientists, by contrast, 

need to be able to store the results 

of the calculations they have fed 

into their machines.

Things started to get easier in 

2002, when demand from 

computer enthusiasts who 

wanted to use their PlayStations 

as fully fledged desktop machines 

prompted Sony to release 

software that allowed the 

PlayStation 2 to run the Linux 

operating system. That allowed 

scientists to reprogram the 

consoles to run their calculations. 

Then in 2006 came the big 

breakthrough, with the launch by 

IBM, Sony and Toshiba of the   Cell 

chip  that now drives Sony’s 

PlayStation 3 (see Timeline, far 

right). With one central processor 

and   eight “servant” processors  

(New Scientist, 19 February 2005, 

p 23), it is vastly more powerful 

than the PS2 chip, and was 

designed from day 1 to run Linux. 

The release of the Cell has 

accelerated   research into black 

holes  by Gaurav Khanna, an 

astrophysicist at the University 

of Massachusetts, Dartmouth. 

He has strung together 

16 PS3 consoles to calculate the 

properties of the gravity waves 

that are expected to be produced 

when two black holes merge. 

Meanwhile, a collaboration 

between IBM and the Mayo Clinic 

in Rochester, Minnesota, is using 

the Cell’s ability to render high-

resolution video graphics to do 

the same with data gathered by 

MRI and other medical scanning 

techniques. The aim is to make 

diagnosis easier and faster – by 

using the images to determine 

whether a tumour has grown or 

shrunk, for example.

Other researchers are pushing 

for even more speed. One of 

Martínez’s students, Ivan 

Ufimtsev, is experimenting with 

the   NVIDIA GeForce 8800 GTX  

graphical processing unit (GPU) 

for PCs, which was released in 

November 2006. The GPU has 128 

processors – compared to the 

Cell’s eight – and when slotted 

into a PC, helps turn it into a high-

quality gaming engine. To start 

with, these cards were hard to 

program, just like the PS2 without 

the Linux add-on, but NVIDIA 

soon cottoned on to the sales 

opportunities that scientists like 

Martínez could offer for its 

product. In February 2007 it 

released the   Compute Unified 

Device Architecture  , a software 

package that allows the C 

programming language to be 

used to program the GPUs.

The results were staggering. 

When Martínez used it to 

simulate the repulsion between 

two electrons in an atom, he 

found that the calculation ran 
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“An array of 16 PS3s is calculating what will 

happen when two black holes merge”

Games consoles 
reveal their 
hidden power

MIKE NAGLE

26 | NewScientist | 16 February 2008 www.newscientist.com

080216_N_Tech_Spread.indd   26080216_N_Tech_Spread.indd   26 11/2/08   16:19:1811/2/08   16:19:18



  130 times faster  than it did on an 

ordinary desktop computer 

(Journal of Chemical Theory and 
Computation, DOI: 10.1021/

ct700268q). He is now calculating 

the energy of the electrons in 

1000 atoms, which add up to the 

size of a small protein. “We can 

now do the things we were killing 

ourselves to do,” he says. 

Martínez predicts that it will 

soon be possible to use the GPU 

to predict more accurately which 

drug molecules will most strongly 

interact with a protein and how 

they will react, which could 

revolutionise pharmaceutical 

research. Similarly, Koji Yasuda at 

Nagoya University in Japan 

reported in a paper published this 

month (Journal of Computational 
Chemistry, vol 29, p 334) that he 

used the same GPU to map the 

   electron energies in two molecules : 

the anti-cancer drug paclitaxel 

and the cyclic peptide valinomycin.

Games hardware still isn’t 

perfect for science. The Cell’s eight 

processors and the NVIDIA GPUs 

are forced to round decimal 

numbers to seven decimal places. 

As numbers are repeatedly 

multiplied together, this small 

error becomes magnified.  In a 

game, the result might be nothing 

more serious than a car appearing 

slightly closer to a wall than it 

should, but in research such 

inaccuracies can be show-stoppers. 

It’s not just the chips that 

researchers can usefully borrow 

from gaming hardware. Take 

the Wii’s hand-held remote 

control, which contains an 

accelerometer that can sense in 

which direction it is being moved, 

and how vigorously. It transmits 

this information via a Bluetooth 

link to the console, where it is 

used to adjust the graphics to 

respond to the player’s 

movements in real time.

Monitoring Parkinson’s
The device recently grabbed 

attention as   a tool for surgeons  

to improve their technique (New 
Scientist, 19 January, p 24). 

Meanwhile, neurologist Thomas 

Davis at the Vanderbilt Medical 

Center in Nashville, Tennessee, 

is using it to measure movement 

deficiencies in Parkinson’s 

patients. By attaching up to four 

Wii remotes to different limbs, 

Davis captures data for tremor, 

speed and smoothness of 

movement, and gait. This data is 

then sent via the Bluetooth link 

to a laptop running software that 

allows Davis to assess 

quantitatively how well a patient 

can move. Davis  hopes this can be 

used in clinical trials for 

Parkinson’s drugs to replace the 

scoring scales now used, which 

are based on a doctor observing a 

patient’s condition. 

Others are using the console to 

assess the progress of patients 

who have had a stroke or a head 

injury by monitoring their 

performance as they play Wii 

games. Johnny Chung Lee at 

Carnegie Mellon University in 

Pittsburgh, Pennsylvania, is using 

the Wii remote as a virtual reality 

research tool. As the wearer’s head 

moves, the Wii tracks it and 

displays images dependent on 

where the wearer is looking. 

Meanwhile, a team at the 

University of Valladolid in Spain 

hopes to use the Wii remote to 

rotate and manipulate   ultrasound 

images  more intuitively.

Computer gamers have always 

hankered after the latest console 

or PC hardware to run ever more 

realistic-looking games. Now 

scientists are lining up right 

beside them.  ●

It’s amazing what you can do with 

a Wii remote control
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Technology

POWER FROM THE PEOPLE

The ordinary motion of our bodies could power electrical gadgets

Backpack

Power out: 7 watts

Leg brace

Power out: 5 watts

Piezolelectric clothing

Power out: 80 milliwatts

The up-and-down motion of our 

hips and shoulders as we walk,  

bounces the backpack

The fibres of the 

piezolelectric fabric produce 

a voltage as they are 

brushed together through 

natural movement

As the leg moves, the gears in 

the brace turn, spinning an 

electric generator

brace most efficiently, Donelan’s 

team got volunteers to run on a 

treadmill while wearing a brace 

on each leg. A person walking 

repeats a cycle in which they bend 

each leg to lift it off the ground 

and then extend it outwards 

before it hits the ground. 

In some tests, the researchers 

programmed the braces so 

that the gears engaged with the 

electricity generator for the 

whole process of leg extension, 

using a sensor that detects 

leg position. They also tried 

programming the gears so that 

they only engaged  during the end 

part of each leg extension.

When the generator spun only 

during the end of the extension, 

it generated slightly less power, 

but also required less effort, 

making it   more efficient  overall 

than when the brace generated 

power throughout the entire leg 

extension process (Science, DOI: 

10.1126/science.1149860).

The researchers say this is 

because at the end of the 

extension, muscles expend effort 

to decelerate or “brake” before the 

foot hits the ground. Because the 

brace adds resistance to leg 

movement, it helps with this 

braking process. “You can think of 

walking like stop-and-go driving,” 

says Donelan. “Muscles spend 

about the same amount of time 

working as brakes as they do 

working as motors.” 

Hybrid and electric cars work in 

a similar way, boosting efficiency 

by generating electricity from 

energy expended during braking.

Donelan has founded a 

company called   Bionic Power  to 

develop the brace into a product 

that will suit soldiers, hikers and 

emergency rescue teams. Herr 

says the knee brace could 

eventually be used to power 

motors in prosthetic arms. But 

Rome says that for people to use 

the leg brace, it must feel “like it’s 

not even there”.  Mason Inman  ● 

the loping up-and-down motion 

of the wearer’s hips and shoulders 

as they walk. But you have to carry 

a 38-kilogram backpack to 

generate 7 watts of power. 

The leg braces weigh 1.6 

kilograms and extend from mid-

thigh to mid-calf. “It’s a device 

that a healthy, normal human 

can strap on and generate a 

significant amount of power 

IT GIVES a whole new meaning 

to “power walking”. Strap on a 

pair of leg braces and with a little 

extra effort you can generate 

enough electricity while you 

walk or run to charge up your 

cellphone or laptop, or perhaps 

even a prosthetic arm. 

The brace, built by Max 

Donelan and colleagues at Simon 

Fraser University in Burnaby, 

Canada, harvests  around 5 watts 

of power from the motion of a 

walking pair of legs – enough to 

power 10 cellphones. A gear on the 

brace twists as you stride along, 

causing an attached electricity 

generator to spin and generate 

power (tinyurl.com/34ytlh). 

In 2005 Larry Rome of the 

University of Pennsylvania in 

Philadelphia and colleagues 

developed a   power-generating 

backpack  (Science, vol 309, p 1726). 

Designed for people who were 

already used to carrying a heavy 

load, such as soldiers, it harnesses 

All charged 
up and raring 
to go…

T SHIRT POWER 
Big, obvious body motions such as 

walking can generate large amounts of 

power. Useful dribbles of power can also 

be harvested from subtler motions, 

including a piezoelectric fabric that 

generates power through the bending 

of its component threads.

Last year, Zhong Lin Wang, 

a materials scientist at the Georgia 

Institute of Technology in Atlanta, 

developed a   generator  composed of 

a forest of piezoelectric zinc oxide 

nanowires topped by a flat conductive 

plate (New Scientist, 25 August 2007, 

p 30). When the plate is pushed down, 

the wires bend, producing a voltage that 

induces a current to flow into the plate. 

Now Wang has turned this idea 

into an electricity-generating thread, 

which he plans to weave into a fabric. 

His team figured out how to grow 

the nanowires on a strand of Kevlar 

fibre instead of a flat surface, so that 

the wires stick out from the fibre like 

bristles on a pipe-cleaner.  When two 

bristly fibres rub against one another, 

the nanowires deform, causing a current 

to flow through a thin layer of metal 

coating on one of the fibres.   

In tests with just two short fibres, 

Wang’s team was able to generate a 

few picowatts of power, but they 

found that the power output increased 

50-fold when three pairs of fibres are 

twined together into a yarn, 

increasing the area of contact (Nature, 

DOI: 10.1038/nature06601).  

Wang estimates that the fabric 

should be capable of generating about 

80 milliwatts of electricity per square 

metre, enough to charge a cellphone 

battery or other personal electronics 

from the ordinary motions of a shirt 

or a curtain blowing in the wind.

A fabric woven from such coated 

fibres shouldn’t ultimately be too 

expensive, because the nanowires can 

be grown in bulk. With the fibres just 

40 micrometres in diameter, bristles and 

all, they will be too small to give the 

wearer a prickly feeling.  Bob Holmes 

“A human can generate 
a significant amount of 
power while walking” 
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during walking and running,” says 

Hugh Herr, a biomechatronics 

researcher and prosthetics expert 

at the Massachusetts Institute of 

Technology. Although walking 

with the two braces uses up 

20 per cent more metabolic 

energy  than walking normally, 

Donelan hopes to make the leg 

brace lighter in future.

To figure out how to use the 
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against her diary entries). Not only that, 

AJ could identify the day of the week for any 

date since 1980 and was able to give the 

correct date for seemingly forgettable events 

such as the date of the “Who Shot J. R.?” episode 

of the TV soap Dallas (  Neurocase, vol 12, p 35 ).

Convinced her condition was new to 

science, the team dubbed it “hyperthymestic 

syndrome” – from the Greek “thymesis”, for 

remembering. They have since identified a 

handful of other people who appear to have 

a similar condition. So what makes 

“hyperthymestics” different from the rest of 

us, and can they tell us anything about the 

murky workings of normal memory? 

The root of hyperthymestic syndrome 

could lie in any of the stages of normal 

remembering. Broadly speaking, a memory 

is formed in three stages: first it is encoded, 

then stored, and later retrieved. It may be 

that AJ and her fellow hyperthymestics carry 

out these three tasks with much greater 

efficiency than the rest of us. But there’s 

another, perhaps more intriguing possibility. 

AJ’s extraordinary memory could also be 

explained by a failure of the strategies our 

brains use to help us forget the things we 

don’t need to remember.

In simple terms, new memories start life 

as the temporary excitation of synapses in a 

network of neurons. If you recall a memory, 

the same neural pathways are reactivated. The 

more times this happens, the more important 

the brain deems the memory to be and the 

more likely it is to be converted into a long-

term memory, by forming permanent 

connections between the neurons. These 

connections are reinforced each time the 

 ●
SOME things in life are best forgotten. 

Unfortunately for AJ, forgetting is 

a luxury she can only dream of. 

A 42-year-old woman from California, AJ 

remembers every day of her life since her teens 

in extraordinary detail. Mention any date 

since 1980 and she is immediately transported 

back in time, picturing where she was, what 

she was doing, and what made the news that 

day. It’s an ability that has baffled and amazed 

her family and friends for several decades, but 

it comes at a price. AJ is locked in a cycle of 

remembering that she describes as a “running 

movie that never stops”. Even when she wants 

to, AJ cannot forget.

She is one of a handful of people 

with similar abilities now working with 

neuroscientists to find out how and why they 

remember so much. As their brains are probed 

for clues, one thing is becoming clear: having 

a normal healthy memory isn’t just about 

retaining the significant stuff. Far more 

important is being able to forget the rest.

It’s seven years since AJ’s extraordinary 

abilities first came to light, when she wrote 

to neuropsychologist James McGaugh at the 

University of California, Irvine, asking for 

help. She described her constant recall as 

“non-stop, uncontrollable and totally 

exhausting” and as “a burden” of which 

she was both warden and victim.

Intrigued, McGaugh and his colleagues 

Elizabeth Parker and Larry Cahill, also at UC 

Irvine, set about investigating AJ’s memory. 

In initial tests, they found that she was able to 

correctly identify the dates of every Easter for 

24 years, plus where she was and what she was 

doing on those dates (details later verified 
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Longing for a better memory? Be careful what 
you wish for, says Jessica Marshall 

Unforgettable
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memory is recalled, making it easier to retrieve. 

The brain contains so many potential synaptic 

connections that, in theory at least, there is no 

limit to the number of long-term memories 

that the brain can store. So why don’t we 

remember everything?

“A system that records every detail willy-

nilly and makes that information accessible 

on an ongoing basis is one that will result in 

mass confusion,” according to Dan Schacter of 

Harvard University. He says we forget because 

the brain has developed strategies to weed out 

irrelevant or out-of-date information. 

Efficient forgetting is a crucial part of having 

a fully functioning memory. When we forget 

something useful, he says, it just shows that 

this pruning system is working a little 

too well. 

Forget to remember
In his 2001 book The Seven Sins of Memory 

Schacter describes several ways that we forget. 

He calls one “sin” transience. This is a strategy 

whereby we discard information that is out of 

date – an old phone number or what we ate 

last week, for example. Since retrieving and 

using information solidifies it in memory, our 

mind gambles that the information we rarely 

retrieve is safe to discard. 

Another sin is absent-mindedness where, 

for example, we fail to properly encode 

information about where we put our keys 

because our attention is elsewhere. Yet 

another problem is blocking, where the 

brain holds back one memory in favour of a 

competing memory, so we don’t get muddled, 

for example, where a single word has two 

different meanings (see “The need to forget” 

page 33). Occasionally we retrieve the one we 

don’t want first, then struggle to remember 

the other.

Schacter argues that each of these 

strategies has an adaptive purpose, preventing 

us from storing mundane, confusing or out-

of-date memories. We want to remember our 

current phone number, not an old one, and 

where we parked the car today, not last week.

Clearly, AJ’s memory doesn’t work in 

quite the same way. The question is, why not? 

So far, there is no clear answer, but one clue 

could lie in the fact that AJ, and a similar 

individual called Brad Williams, both have 
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of skills that are developed,” Ericsson says. He 

sees no evidence to suggest that the skills of 

AJ and Williams need additional explanation.

McGaugh rejects the idea that 

hyperthymestic syndrome can be explained 

away so easily, however. Even if these people 

are obsessed, he argues, that does not explain 

how they are able to memorise so much. 

“You’d have to assume that every day they 

rehearse it, or at the time rehearsed very 

strongly, saying ‘I’ve got to remember that 

Chilean President Salvador Allende died on 

this day – 11 September, 1973’.” AJ agrees, and 

describes her remembering as automatic. 

She points out that such rehearsals would 

take up more hours than there are in the 

day. Williams, too, says his remembering is 

effortless. “We give these people very obscure 

questions when we quiz them,” adds McGaugh. 

“The probability of these explanations dwindles 

as you look at the evidence.”

Of course, it may be that hyperthymestic 

syndrome relies not just in the encoding, but 

also in the retrieval of memories. No one 

knows whether forgotten memories truly 

disappear, or whether we simply lose the 

ability to retrieve them. Perhaps AJ and 

Williams are just better at retrieval than 

most, or perhaps related memories are more 

strongly linked in their brains so that one 

memory leads seamlessly to the next. AJ in 

community theatre productions he acts in 

and, despite being a Scrabble aficionado, he 

has not memorised word lists beyond the 

two-letter ones. “It is the autobiographical 

memories, I guess, that seem to be effortless 

to me,” he says.

Both Schacter and Michael Anderson at 

the University of St Andrews in the UK believe 

that what appears to be an innate ability may 

have a lot to do with the obsessive rehearsing 

of past events. It may be that AJ and Williams 

get so much satisfaction from remembering 

autobiographical details that they have 

become experts on the history of their own 

lives; things they find less interesting are not 

so well stored.

Trick of the mind
There are numerous other examples of 

memory expertise out there, as K. Anders 

Ericsson of Florida State University in 

Tallahassee and others point out. Consider 

waiters who learn to remember umpteen 

diners’ orders, chess masters who can reproduce 

the positions of all the pieces on an active 

chessboard after just a glance, or actors who 

memorise complete plays by Shakespeare.

“Our work has pretty much concluded that 

differences in memory don’t seem to be the 

result of innate differences, but more the kinds 

obsessive qualities. Could they simply be 

rehearsing the details of their lives over and 

over? While neither AJ nor Williams is 

autistic, like some autistic savants they are 

unusually interested in dates. “In both of 

these cases, they know the calendar. There’s 

something about attention to and knowledge 

about the calendar that accounts for part of 

this,” says McGaugh. Indeed, AJ holds a 

mental calendar of months and years in her 

head, and describes the calendar as something 

she “just knows”.

In addition, AJ has kept a daily diary for 

32 years, and says that she has “always needed 

order”. She and Williams both have collections 

of TV guides going back several years. These 

compulsive strategies may be helping 

organise and reinforce memories, meaning 

they are less likely to get filed and forgotten. 

Crucially, though, while AJ’s memory is 

impressive, it is not indiscriminate and could 

not be described as photographic. McGaugh’s 

team discovered this several hours into a 

testing session by asking AJ to close her eyes 

and describe what the researchers were 

wearing. She had no idea. Similarly, she could 

not recall which dates the team had quizzed 

her about a month earlier. “Her 

autobiographical memory, while incredible, 

is also selective and even ordinary in some 

respects,” McGaugh says. This was evident in 

AJ’s poor performance on tests in which she 

was asked to memorise word lists or recognise 

faces. Not only that, AJ had been an average 

student, unable to apply her prodigious 

memory to her studies.

Williams’s memory also has its limits. He 

still has to work at learning his lines for the 
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 “ Having a normal, healthy memory 
isn’t just about retaining the good 
stuff – it’s about forgetting the rest ” 
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particular is prone to get lost in remembering: 

one recollection triggers another and another 

and she claims to be powerless to stop 

them. “It’s like a split screen, I’ll be talking 

to someone and seeing something else,” she 

told McGaugh. This aspect of AJ’s memory 

demands explanation, says Schacter. “Why 

is she stuck in retrieval mode?”

Anderson wonders whether AJ has 

some deficiency in the unconscious control 

mechanisms which normally prevent 

unwanted memories from flooding back. 

It would be very difficult to test for such 

unconscious processes, but Anderson has 

shown that it is possible for people to 

consciously suppress memories. To investigate 

these mechanisms in people with normal 

memory function, he trained people to 

remember word associations, then instructed 

the group to “forget” half of the associations 

they had learned. Sure enough, people 

remembered less of what they were told to 

forget (  Nature, vol 410, p 366 ). Anderson then 

used a functional MRI scanner to look at brain 

activation during such trials. 

As volunteers consciously suppressed 

the retrieval of learned associations, Anderson 

observed activation in a part of the prefrontal 

cortex – the area of the brain associated with 

impulse control and executive function 

(  Science, vol 303, p 232 ). One participant in 

the trial was an Iraq war veteran who told 

Anderson that he was constantly fighting 

to suppress memories of the experience. “He 

showed massive activations in our task,” says 

Anderson, indicating that he had become very 

skilled at pushing back his memories.

By her own accounts, AJ seems unable to 

do this. She describes her constant retrieval of 

memories as mentally exhausting and says 

that negative memories return to haunt her 

again and again. So it is a possibility that AJ’s 

control mechanisms are impaired in some 

way. Anderson notes that in McGaugh’s 

memory tests, AJ demonstrated that she 

was deficient in tests of executive function 

and reasoning, skills that are needed for 

decision-making and inhibition of unhelpful 

responses. This could mean that she is less 

able block the retrieval of memories than 

other people and could explain why she is 

unable to stop once she gets started.

McGaugh agrees that this may be 

facilitating AJ’s memory retrieval, but also 

offers another explanation. He points out 

that, although they can’t yet say whether AJ 

and Williams have abnormally low activity in 

their prefrontal cortex, decreased activity in 

this brain area is associated with increased 

activity in the basolateral amygdala – a part 

of the brain associated with the improved 

storage of memories. If this were the case for 

AJ, she may be better at storing memories 

than most, while also being worse at blocking 

their retrieval.

For now it is far from clear what, if anything, 

hyperthymestic syndrome can tell us about 

normal memory, but more clues are on the 

way. McGaugh has recently conducted MRI 

scans on both AJ and Williams and is now 

comparing their scans with those of control 

subjects with normal memories. Unfortunately, 

even if his analyses were to reveal striking 

differences, the matter may not be settled, 

says Ericsson. If the scans show that the 

hyperthymestics’ brains are different, this 

may reflect changes brought about by their 

obsessional behaviour and encoding 

strategies, rather than an innate difference. 

Ericsson has taken brain scans of expert 

memorisers and found them to be different 

from the norm, in ways that vary depending 

on the strategies each uses to remember.

As AJ and Williams continue to provoke 

debate in the scientific community, it is 

tempting to wish for a little of what they have, 

if only to make it easier to remember names, 

happy moments and to win prizes in pub 

quizzes. Williams, in particular, seems unfazed 

by his gift. He is a radio presenter and his 

listeners call in once a week to try and “stump 

Brad”, attempting to pose trivia questions he 

can’t answer. Williams seems pretty much in 

control of his ocean of memories, so could we 

all learn similar skills without becoming 

swamped by the tide in the process?

It’s possible, in theory. There are several 

tried-and-tested methods to improve our 

memories. Paying more attention to what 

we want to remember is a good start, and 

organising our thoughts a little better helps, 

too (see “Forget me not”, above). Such 

exercises may prevent our brains from 

throwing the baby out with the bath water, 

but next time you curse your memory when 

you forget a name, an appointment or your 

own phone number just remember, your 

brain is trying to do you a favour.  ●

Jessica Marshall is a science writer based in 
Saint Paul, Minnesota
Further Reading: The Woman Who Can’t Forget: The 
extraordinary story of living with the most remarkable 
memory known to science – a memoir by Jill Price, with 
Bart Davis (Free Press, May 2008). 

Read previous issues of New Scientist at 
http://archive.newscientist.com
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Forget me not
Forgetting may serve a useful 

purpose, but that doesn’t mean 

we have to take it lying down. 

Here are some hints to remember:

1. Pay attention. “A rock-solid 

characteristic of memory is that 

it is enhanced by attention,” says 

Michael Anderson of the University 

of St Andrews in the UK. So, for 

example, make a conscious effort 

to think about where you leave 

your keys when you come in. You 

could even try saying aloud ‘I am 

putting my keys on the table’.

2. Be organised. Memories are like 

pieces of mail, says Anderson. It 

takes very little effort to open your 

mail and throw the contents all 

over your desk, but when you need 

to retrieve one, it won’t be easy. 

If you file related pieces of mail 

together, it’s a snap. So when you 

need to remember something, try 

to link it to an existing strong 

memory. If you want to remember 

that the French verb ‘fumer’ means 

‘to smoke’, remember that it 

is similar to the English word 

‘fumes’. Mnemonics can also 

help file concepts together, 

making them easier to retrieve.

3. Get emotional. Emotional 

arousal enhances memories – even 

when the memories themselves 

aren’t emotional. Adam Anderson 

at the University of Toronto in 

Canada showed subjects neutral 

pictures of houses and faces 

followed by emotionally 

charged pictures. They found 

that the neutral pictures were 

remembered better when they 

were followed by emotionally 

arousing pictures (  Proceedings of 

the National Academy of Sciences, 

vol 103, p 1599 )

4. Review. Retrieving items from 

memory makes them more likely 

to be remembered in future and 

keeps them from being bumped 

out of the way by new memories. 

So rehearse the name of the person 

you just met within 30 seconds, 

and once or twice more with 

increasing time between 

rehearsals. “The reason most 

people don’t have good memories 

for names is that they’re lazy,” says 

Michael Anderson. 
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●
WHAT would happen if you took the 

Earth and compressed it down to the 

size of a tennis ball? No one is saying 

this is imminent, but the thought experiment 

leads to an intriguing possibility. If you could 

squash the Earth down to this size, it would 

become far denser than any substance found 

in nature. You’d think it would be well on 

its way to becoming a black hole. Yet there 

is a slight chance that you’d get something 

completely different: a preon star.

Preons are hypothetical particles that 

have been proposed as the building blocks of 

quarks, which are in turn the building blocks 

of protons and neutrons. A preon star – which 

is not really a star at all – would be a chunk of 

matter made of these constituents of quarks 

and bound together by gravity . According 

to physicists Johan Hansson and Fredrik 

Sandin of the Luleå University of Technology 

in Sweden, swarms of preon stars may have 

formed in the early universe, and might 

even still be around. If so, they would be 

strong contenders to be the weirdest stuff 

in the cosmos.

It’s a highly speculative idea, but it’s also a 

concrete attempt to shake up physics as we 

know it. The same questions keep cropping 

up. Will we find a theory of everything? Does 

dark matter exist, and if so, what is it? These 

are big gaps in our knowledge. Physicists keep 

coming up with ideas to try to fill these gaps, 

and Hansson and Sandin are doing their bit. 

So far they have published two papers to back 

up the preon star concept, and have suggested 

experiments with which to test it. 

Elementary, my dear quark 
If preon stars do exist, they would be 

the first evidence of a class of particles 

more elementary than quarks, and our 

current understanding of matter would be 

overturned. Preon stars might even account 

for much of the universe’s dark matter, the 

invisible stuff that keeps clusters of galaxies 

from flying apart and that may be responsible 

for sculpting the structure of the cosmos.

At the root of all this is the standard model 

of particle physics, part of which is the notion 

that protons and neutrons are made of quarks. 

In 1974, Nobel laureate Abdus Salam and 

Dirac medallist Jogesh Pati proposed that 

  certain inconsistencies in the model could be 

explained  if quarks themselves consist of even 

smaller particles, which they named preons.

In the 1980s and 90s, however, preons 

fell out of favour because of the lack of both 

experimental evidence and theoretical 

necessity. “We do not really need preons 
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to explain the properties of quarks,” says 

physicist Greg Landsberg of Brown University 

in Rhode Island. “Searches for quark 

substructure are performed every time 

a new energy frontier opens up, and they 

have been all unsuccessful so far.”

Hansson was undaunted. He was among 

a minority of physicists who thought the 

building blocks of quarks could still be flushed 

out, and that these might bridge the gap to 

string theory, a popular approach to a theory 

of everything. “It’s extremely naive to assume 

that there is nothing between quarks and the 

conjectured superstrings,” he says. “There 

probably are many, many layers left before 

we hit rock bottom, if ever.”

The question was whether you could 

actually detect any of those layers. For this, 

Hansson took a cue from Fields medallist and 

string theorist Ed Witten, who had   proposed  

in the 1980s that some quarks might have 

condensed out of the hot stew of matter and 

light forged in the big bang to form quark 

“nuggets” before they could combine into 

protons and neutrons. If such objects exist, 

they might be observable.

So in 2003, Hansson started wondering 

whether preons could have condensed out 

of the same primordial soup. He joined 

forces with Sandin, who was working on the 

behaviour of matter in neutron stars. In 2005, 

they postulated that in regions of very high-

density matter, gravity could have caused 

huge numbers of preons to clump together 

into preon nuggets, or preon stars, instead 

of combining into quarks or other, larger 

particles (  Physics Letters B, vol 616, p 1 ).

Preon stars would be many orders of 

magnitude smaller and denser than a chunk 

of quark or atomic matter of the same mass, 

because preons can in theory bunch together 

more closely than they do when they form 

quarks. The largest preon star that could exist 

without collapsing into a black hole would 

have a mass similar to Earth’s, while one with 

the mass of a large asteroid would be smaller 

than a red blood cell. A small preon star would 

be very difficult to detect unless it happened 

to strike the Earth, for instance.

What Hansson and Sandin needed was 

a way to test whether preons or preon stars 

could ever be observed. In December, they 

published a paper outlining several possible 

methods (  Physical Review D, vol 76, p 125006 ).

Preons show their hand
One of these relies on the Large Hadron 

Collider. Like most physicists, Hansson and 

Sandin will be keeping a close eye on what 

happens when the LHC is switched on later 

this year at CERN near Geneva, Switzerland. 

Reaching energies seven times as high as any 

previous particle accelerator, the LHC just 

might have enough oomph to bust quarks apart 

into their building blocks, if they exist. These 

would show up as a shower of anomalous 

particles and radiation, though because they 

would probably recombine into quarks and 

larger particles within a tiny fraction of a 

second, they would be tough to spot. 

What about detecting preon stars in 

space? One way would be to use gravitational 

lensing, which occurs when an object’s 

gravity bends light around it, as predicted 

by Einstein’s general theory of relativity. 

Despite their tiny size, preon stars would 

have enough mass to deflect the light of 

distant sources. Shorter wavelengths of light 

are more likely to bend around small bodies, 

so gamma-ray bursts – flashes of short-

wavelength radiation originating from stellar 

explosions, neutron star mergers and the 

like – might be ideal. 

In fact, Hansson and Sandin point to a 

gamma-ray burst detected by the Japanese 

satellite Ginga in 1988 as possible evidence for 

preon star lensing. The spectrum it recorded 

revealed two dips of intensity at short 

wavelengths  – the sort you might expect if 

there were an intervening preon star – but 

most astronomers think the dips were just 

part of the gamma-ray burst itself.

Failing that, another relativistic 

phenomenon might do the trick. Gravitational 

waves – ripples in the fabric of space-time 

produced by massive objects moving – have 

been predicted but not yet directly observed in 

nature. Two preon stars whirling around a 

common centre of mass might , however, stir 

up enough activity to be detected by next-

generation experiments if they lie within a 

few thousand light years of Earth.

If such a preon star system had a relatively 

wide orbit, it might emit gravitational waves 

at several thousand cycles per second. The 

European Gravitational Wave Observatory, 

still a decade away from construction, would 

be sensitive to such frequencies. Its technical 

upgrades should make it more sensitive than 

LIGO in the US. The challenge, says Sandin, 

would be telling the difference between a 

preon star and ordinary matter.

Other preon stars might whirl around 

each other in orbits of less than a millimetre. 

In this case they would radiate gravitational 

waves at millions of cycles per second. The 

University of Birmingham in the UK has built 

a gravitational-wave detector that uses the 

resonant properties of microwaves to catch 

such ultra-high-frequency waves. Although it 

is not sensitive enough to detect waves from 

preon stars, a next-generation version might 

be. That would reveal the densities and masses 

of the wave sources, possibly clinching the 

case for the existence of preons.

Realistically it’s a long shot. Even if preon 

stars exist, it may take decades to build up 

compelling evidence. “The subject is still very 

young,” Hansson concedes, but he can point 

to one encouraging sign. “A few years ago, if 

one searched for ‘preon stars’ on Google, it got 

no hits and the inevitable question came back: 

‘Did you mean porn stars?’ That effect has 

since disappeared as preon stars have become 

a concept of their own.”  ●

Robert Naeye of SP Systems is the senior science 
writer in the Astrophysics Science Division at NASA’s 
Goddard Space Flight Center in Greenbelt, Maryland
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Preserving modern art like 
Piet Mondrian’s Victory Boogie 
Woogie is a major challenge 
for galleries and museums  
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and tape with paint, but he died before he 

could complete the task. So the researchers’ 

aim is to find out exactly what materials he 

used, which parts were painted first or painted 

over later, or if bits were removed altogether. 

The secret hope of almost everyone here is 

to get a glimpse of Mondrian’s working style, 

a chance to get inside his head – and perhaps 

even discover how he intended this work to 

look when completed. 

Mystery materials
MOLAB’s cordial leader is Bruno Brunetti, a 

chemist and consummate art buff. He tells me 

that Victory Boogie Woogie is by far the most 

modern work his team has ever analysed. For 

conservators, modern art breaks new ground. 

In preserving oil paint on canvas, for example, 

they can draw on centuries of experience and 

so understand many of the main processes by 

which these materials degrade. Preserving 

modern materials like acrylic paint or plastics, 

meanwhile, throws up a completely new set of 

questions. How should these works best be 

displayed, transported and cleaned? And if 

Victory Boogie Woogie, like some modern works 

of art, is falling apart far faster than older 

paintings, is there any way to halt the process?

Right now, the researchers are busy 

photographing the picture under ultraviolet 

light, which makes certain pigments fluoresce. 

By calibrating the colour of the fluorescence 

against a known standard – the white circle on 

the stick I’m holding – they can determine the 

precise wavelengths and get a handle on the 

identity of the chemicals present. The UV 

transforms the picture’s primary colour 

scheme into blues and browns with the 

occasional splodge of brilliant red. The camera 

clicks one last time, the room lights go on, 

and the painting appears normal again. 

Victory Boogie Woogie stands in sharp 

contrast to Mondrian’s previous works, rigid 

compositions with bold black lines and large 

patches of primary colours. Instead, it is a 

vibrant, rhythmic counterpart to the jazz 

music that surrounded Mondrian as he 

●
I’M HOLDING a long black stick just 

millimetres from a delicate artwork 

worth at least $45 million. The work 

is a painting called Victory Boogie Woogie, 

the last piece by influential Dutch artist Piet 

Mondrian. And if I lose concentration, I could 

end up poking the stick right through it.

At the end of the stick is a painted white 

circle that is being photographed, together 

with my hand, by a member of MOLAB, a 

roving team of Italian art conservation 

researchers. Along with their transport – 

a van stuffed full of the latest analytical 

equipment – these researchers form part of a 

collaboration of 12 European institutions 

called Eu-ARTECH. Another part lives beneath 

the glass pyramid at the Louvre in Paris, where 

museums from across Europe bring their 

artefacts for analysis. A significant number of 

artworks are fixed in place, however, such as 

Renaissance frescoes on chapel walls. Others, 

like Victory Boogie Woogie, are simply too 

fragile to be moved. That’s where MOLAB comes 

in. The team heads out onto the road about 

eight times each year. So far, it has checked 

out the origins of ceramics at London’s 

Victoria & Albert Museum, determined which 

of a father-and-son team of painters created 

artworks in the Czech Republic and found 

remarkable art hidden beneath existing 

paintings at London’s National Gallery. 

Here at the Gemeente Museum in The 

Hague, Netherlands, MOLAB is collaborating 

with the Netherlands Institute of Cultural 

Heritage (ICN) to give Victory Boogie Woogie 

its first thorough scientific examination. The 

artwork is a feast of colour and motion – an 

impression created by patterns of interlocking 

coloured squares, some painted, others simply 

bits of coloured paper, card and plastic tape 

that are stuck or glued to the canvas. Mondrian 

almost certainly planned to replace the paper 
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Behind the 
scenes at the  
 museum
An enigmatic painting has kept conservators 
guessing for half a century. Can its mysteries 
be solved in just five days, asks Jason Palmer
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preferred gloss enamel paint. Unfortunately, 

many of these are proprietary mixtures, and 

conservators have little information on how to 

identify them, how they might alter with age, 

or how they may be affected by conservation 

treatments or conditions in a gallery. 

There is a delicate balance between the 

interests of curators wishing to show off a 

work and the conservators who wish to 

preserve it. What is certain is that light is bad 

news, almost always causing damage over the 

long term. Acrylic and enamel paints, for 

example, suffer when light breaks down their 

constituent polymers, creating a more brittle, 

cross-linked structure. This can lead to cracks 

like those that have appeared in the enamel 

paint used in Pollock’s paintings.

The mixed-media nature of modern art 

is making conservation even more difficult. 

Paint and canvas have given way to new 

means of expression; everything from rubber 

and steel to the man-made fabrics on an 

unmade bed. Plastics cause particular concern 

since, like some paints, these materials are 

vulnerable to damage by light, which can 

turn them brittle. In addition, plasticisers or 

solvents left over from the manufacturing 

process can migrate out and react with 

available in an ever-growing number of 

coloured concoctions that often remain 

industrial secrets. From an analysis 

perspective, it’s a nightmare.

Even if you know the recipe, there remains 

the issue of preservation – how to keep bright 

colours vibrant for centuries. Since 2002, the 

Getty Conservation Institute in Los Angeles 

has been working with the UK’s Tate galleries, 

the University of Torino in Italy and the 

National Gallery of Art in Washington to 

understand   the unique problems that modern 

paints present for conservators . 

Acrylic-based paints or primers, for 

example, are present in around a third of 

the Tate’s collection of modern paintings – 

they were used by Andy Warhol and Roy 

Lichtenstein, among others. Meanwhile 

op art proponent Bridget Riley favoured 

household emulsion, while Jackson Pollock 

worked in 1940s New York. In January 1944, 

during the final two weeks of his life, he 

worked furiously on the painting. Those who 

saw it say the painting changed dramatically 

during this period, as Mondrian used coloured 

paper and plastic tape to quickly change the 

composition. The complexity this created 

makes the painting enormously difficult to 

analyse: it comprises some 582 different 

coloured sections which the Gemeente 

Museum team has meticulously numbered 

and recorded. No one is sure what bits the 

artist may have painted over or removed, or 

what bits he intended to change. 

Identifying the layers and constituent 

pigments in the painting is a complex piece 

of detective work. First, the team tries to spot 

the characteristic fingerprints of atoms by 

shining energetic X-rays onto the pigments 

and measuring the fluorescence this 

generates. The resultant spectrum provides a 

laundry list of the atoms present, but reveals 

little about the way they are arranged into 

pigment molecules. That requires other 

tools – mostly based on absorption 

spectroscopy, which measure how much light 

goes in rather than how much comes out, and 

reflectance spectroscopy, which records how 

much light bounces back. This step is vital: 

the pigments malachite green and green 

verdigris, for example, are identical under 

X-ray fluorescence but their molecules have 

different structures. So the MOLAB team must 

use further tests, including photography under 

UV and spectroscopy with infrared, to nail 

down which is present. 

Modern art such as Victory Boogie Woogie 

presents a number of challenges to 

researchers and conservators. One problem 

is the pigments themselves: products of a 

lab rather than a mine. Think of the blue 

pigments used by, say Renaissance artist 

Giotto: azurite, lapis lazuli – they were 

grated stones, Brunetti says. “Contemporary 

materials are organic, many of them 

polymers.” The advent of cheap synthetic 

pigments, many in the past 70 years, 

means that a host of exotic molecules are 
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It is mind-bogglingly 
difficult, but vital, for 
conservators to work 
out what pigments 
Mondrian used

“All conservators can do 
is record the sculptures 
in detail before they 
crumble away ” 
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nearby material. In   a survey at the Victoria 

& Albert Museum , for example, 13 per cent 

of the museum’s plastic items were found 

to need essential repairs. Meanwhile, some 

of Tate’s cellulose acetate sculptures by 

Russian artist Naum Gabo are undergoing 

  catastrophic chemical degradation  triggered 

by moisture and oxygen in the atmosphere. 

All conservators can do is record them in 

detail before they crumble away. 

Victory Boogie Woogie itself incorporates 

a number of vulnerable materials. Mondrian 

used masking tape to stick the coloured 

cardboard shapes he was using to the canvas. 

The adhesive layer in the tape can fail, and 

some kinds of cardboard eventually break 

down, releasing an acid that can eat away at 

anything nearby. He also used tapes made 

from cellulose-based polymers. Of those 

available at the time, many – including 

cellophane and cellulose acetate – are prone 

to degradation and discolouration, with light 

being the culprit. These materials contain 

chemical softeners which can migrate out, 

leaving them brittle and prone to cracking. 

Cellophane also tends to shrink as it dries out, 

so it often breaks or tears. The question is, 

how badly has the painting suffered?

Time is running out. To keep up with 

MOLAB’s hectic schedule, which allows just a 

few days for each project, the operation must 

run like a well-oiled machine. As some of the 

team shifts equipment around, analysis of 

the infrared results has already begun. 

Meanwhile, the museum’s modern-art 

curator, Hans Janssen, takes me to the 

basement to look at an all-paint copy of the 

Mondrian commissioned by one of the 

painting’s early owners, who was evidently 

concerned by its fragile nature. Ironically, the 

copy is noticeably degrading. The whites are 

not-so-white and many sections are cracking.

When we return upstairs, I learn that Victory 

Boogie Woogie’s yellow sections are painted 

with two different versions of a pigment called 

cadmium yellow, one which fluoresces and 

one that doesn’t – even though the colours 

look identical to the naked eye. Janssen knows 

that earlier Mondrian works – those he 

painted in Europe before moving to New 

York – used a fluorescent cadmium yellow, 

and those from his New York period did not, 

so Mondrian chose to use some of his old 

stock of cadmium yellow for his last painting. 

The conservators are relieved to find that 

Mondrian mostly relied on a relatively simple 

palette of colours – the blue is from synthetic 

ultramarine, for example. Yet, surprisingly, 

the white sections have a complex composition 

including oxides of zinc and titanium, barium 

sulphate, and a pigment called lead white. 

But the red pigment that Mondrian used to 

paint on some of the plastic tape remains a 

mystery, despite ICN’s database of more than 

8000 pigments, and remains an unexplored 

clue that could influence future studies. Even 

if its identity remains unknown, this pigment 

could pop up in a future, unattributed work, 

and in doing so perhaps link it to Mondrian.

The presence of cadmium yellow could be 

bad news, though. Some cadmium yellow 

preparations are known to fade with time, 

oxidising in the air to form cadmium 

sulphate. What’s more, the lead white contains 

lead carbonate, which is likely to react with 

any acids that might be around. It also grabs 

trace amounts of hydrogen sulfi de from the 

air, which turns it grey and ultimately black. 

This could be the reason that the copy 

downstairs is suff ering more than the 

original; its painter may have been a little 

heavy-handed with the lead white.

There is good news at least about 

Mondrian’s coloured tapes and cardboard 

shapes. While the cellophane tape he appears 

to have used is coloured and self-adhesive, in 

addition – perhaps because of wartime 

shortages – he made his own coloured plastic 

squares by painting onto clear cellophane 

tape and then sticking it to the canvas with 

wax or resin. Despite cellophane’s known 

vulnerability, both types of tape seem in good 

shape. And although there’s no way to check 

the acidity of the cardboard without taking 

samples, from studies with their microscope 

the team reckons it is undamaged, too. 

As much as everyone here hoped for a 

definitive picture of Mondrian’s working 

style and a chronology of the painting, one 

thing is clear: conservation-wise, Mondrian’s 

work gets a clean bill of health, which is more 

than can be said for the copy downstairs. 

What’s more, the mountains of data, 

preserved on several DVDs, will serve as a 

kind of “time zero” for conservators, allowing 

them to compare the painting with similar 

results taken in 10 years, say, or 100. It’s 

an intimate and fundamental look at how 

a work of art is ageing, with hard numbers 

to compare against – something that art 

conservation has lacked until recently. 

As the team finishes off and begins packing 

up, onlookers on the other side of glass 

screens are taking their own photos. This is 

the first time that the ICN has been involved 

in a project in front of the public instead of 

in its labs, and is a consequence of the Dutch 

government mandate that Victory Boogie 

Woogie should never be away from the public 

eye. Being under the microscope is nothing 

new for MOLAB, whose 50 or so missions to 

date have been mostly in galleries and 

cathedrals. Working with an audience isn’t 

always easy: Brunetti tells me that one tourist 

ogling Michelangelo’s David at the Galleria 

dell’Accademia in Florence complained loudly 

to museum staff that the MOLAB team was 

blocking her view of David’s behind.

So what’s next? Brunetti tells me that one 

of the spectators following the project with 

keen interest was the head of research at 

Amsterdam’s renowned Van Gogh Museum. 

In preparation for a massive exhibition in 

2009, the institution wants to bring in the 

MOLAB team to study Van Gogh’s paintings, 

in the hope of shedding some light on the 

materials and, hopefully, his working style. 

MOLAB tends to get little credit: it was 

conspicuously absent from the media event 

at London’s National Gallery in 2005 after 

it revealed details of two unknown drawings 

hidden beneath Leonardo Da Vinci’s Virgin 

of the Rocks, illustrations that later reappeared 

in The Last Supper. In a sense, it might seem 

like a thankless job. But I can see from 

Brunetti’s smile that his unfettered, after-

hours access to some of the world’s finest 

art is the only payoff he needs.  ●

Jason Palmer is a science writer based in London
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Engines of evolution
The elegant complexity of the bacterial flagellum inspires awe, but its humble 
origins are becoming apparent, says Dan Jones
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 ●
THREE years before his death in 1805, 

English philosopher William Paley 

proposed a now-famous thought 

experiment. Imagine discovering a watch on 

the heath: how would you explain its intricate 

arrangement of parts, its clear design for a 

purpose? Naturally, you’d conclude that it was 

built by a watchmaker, not blown together by 

chance. By analogy, Paley argued, the natural 

world is full of designed complexity which 

must therefore also have a creator: God.

Had Paley been in a position to know 

about it, he would no doubt have considered 

a remarkable little device called the bacterial 

flagellum to be an excellent example of 

designed complexity. With its intricate 

arrangement of interconnecting parts, the 

flagellum looks no less designed than a watch, 

and would surely have had Paley reaching for 

the existence of its “maker”.

Modern biology, of course, has no need 

for omniscient designers. Evolution – Richard 

Dawkins’s blind watchmaker – is all that is 

needed to explain the origin of complexity in 

nature. Even so, latter-day Paleys continue to 

search for evidence of design in the living 

world. The bacterial flagellum has become 

their cause célèbre – and a focal point in 

science’s ongoing struggle against unreason.

The bacterial flagellum is one of the most 

complex and elegant pieces of biological 

machinery known. It is the bacterial world’s 

outboard motor, rotating at high speeds 

to propel bacteria through their watery 

environments. It is made up of about 

40 proteins that self-assemble into three 

basic modules – the basal body, hook and 

filament (see Diagram, p 43). 

The heart of the flagellum is the basal 

body; essentially a rotary motor embedded in 

the bacterial cell wall. The motor has a series 

of rings, each about 20 nanometres in 

diameter, with a rod inside that is free to 

rotate a full 360 degrees. Attached to the 

rod is a curved “hook” protein linked to a 

long whip-like filament. This filament is 

5 to 15 micrometres long and made of thousands 

of repeating units of the protein flagellin. The 

motor is powered by the flow of sodium or 

hydrogen ions across the cell wall. As ions 

flow, the motor kicks into action, causing 

the rod to whizz round at speeds of up to 

1000 rotations per minute.

Biologists have been interested in the 

bacterial flagellum for decades, not least 

because it is a prime example of a complex 

molecular system – an intricate nanomachine 

beyond the craft of any human engineer. 

Explaining the origin of such systems is one 

of the most difficult and important challenges 

in evolutionary biology.

It isn’t just a scientific challenge, though. 

The study of complex molecular systems has 

been given added impetus by the “intelligent 

design” (ID) movement – the intellectual heirs 

of Paley. To them, such systems are examples 

of “irreducible complexity”, a concept that 

goes to the heart of their opposition to the 

theory of evolution. 

In an oft-quoted passage from On the Origin 

of Species, Charles Darwin wrote: “If it could be 

demonstrated that any complex organ existed, 

which could not possibly have been formed by 

numerous, successive, slight modifications, 

my theory would absolutely break down.” (In 

anti-evolution circles, the following line is 

often omitted: “But I can find no such case.”)

Proponents of ID argue that the bacterial 

flagellum is exactly such a case: each of its 

interacting components is essential for the 

system to function, they claim, and if you 

remove any one of them the whole thing 

grinds to a halt. ID claims that because of this 

irreducible complexity, such systems cannot 

be explained by the stepwise process of 

natural selection and therefore must be 

the handiwork of an “intelligent designer”.

The flagellum is certainly complex, but is 

it really too complex to have evolved through 

natural selection? Until recently it has been 

surprisingly hard for biologists to answer this 

question satisfactorily. “If you go back just six 

or seven years, the function of many of the 

components of the bacterial flagellum were 

unknown,” says Kenneth Miller, a biochemist 

at Brown University in Providence, Rhode 

Island. “It’s very difficult to work out the 

evolution of a complex system when you 

don’t understand how the system works.” In 

the absence of this knowledge, biologists all 

too often fell back on the assertion that 

“bacterial flagella evolved and that is that”, 

according to Mark Pallen, a microbiologist 

at the University of Birmingham in the UK.

That all started to change in the 1990s, 

however, when microbiologists discovered 

so-called “type III secretion systems” (T3SSs), 

a class of molecular machine used by disease-

causing bacteria such as Salmonella. A typical 

T3SS is a complex made up of 15 to 20 proteins 

embedded in the cell wall that shuttles toxic 

proteins from inside the bacterial cell into a 

needle-like structure on the outside, which the 

bacterium uses to inject toxins into its victim. 

The relevance to flagellum evolution? 

Variants of at least seven T3SS proteins are also 

found in the flagellum, within a subsystem 

called the protein export system. This sits 

within the basal body and funnels replacement 

flagellin subunits to the filament, using a 

mechanism remarkably similar to the T3SS. 

In fact, the two systems are so similar that 

the flagellar protein export system is now 

considered to be a subclass of the T3SS (  Trends 

in Microbiology, vol 14, p 157 ).

Such similarities, or “homologies”, are 

strong evidence that the two systems evolved 

from a common ancestor – analogous to the 

way that the arrangement of bones in the 

limbs of horses, bats and whales reveal their 

common ancestry despite their very different 

outward appearance and function. Similar 

homologies can be seen in the DNA sequences 

of genes, and in the amino acid sequences and 

3D structures of proteins – all are clear evidence 

of shared descent. 

The evolutionary events linking flagella 

and T3SSs are not clear, but the homology 

between them is a devastating blow to the 

claim of irreducible complexity. This requires 

that a partial flagellum should be of no use 

whatsoever – but clearly it is. “The T3SS is a 

useful model of how a ‘partial flagellum’ could 

function in protein export,” says Nicholas 

Matzke of the University of California, 

Berkeley, a prominent defender of evolution 

and author of a number of academic articles 

on the flagellum. Miller adds: “The notion that 

these proteins can only be used in flagella 

simply falls apart.” This argument helped 

swing the outcome of the “ID trial” in Dover, 

Pennsylvania, in 2005, in which 
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Despite this variation, it is clear that all 

bacterial flagella have much in common – 

again, exactly what you would expect if they 

shared a common ancestor. The best studied 

flagella are from the bacterial species 

Escherichia coli K12 and Salmonella enterica LT2, 

each of which is made up of about 40 proteins. 

In a recent review, Pallen and Matzke 

compared the flagella proteins in these two 

with those of 13 other bacterial species. They 

found that 23 of the proteins were present in 

all of them, albeit with slight variations 

(  Trends in Microbiology, vol 13, p 143 ). 

Deep evolutionary descent
This suggests that all of these systems evolved 

from an ancestral “core” flagellum, probably 

made up of about 20 proteins. These core 

proteins include elements of the motor, rod, 

hook, filament and flagellin protein-export 

machinery – all the components required for 

a fully functional flagellum.

Such an ancestral core flagellum is still 

a complex molecular system in need of 

explanation, but yet again sequence homology 

helps. When Pallen and Matzke looked for 

homology among their 23 modern core-

proteins, they found patterns of deeper 

evolutionary descent. Flagellin, for example, 

is homologous to the protein FlgL, which joins 

the hook to the filament. Furthermore, the rod 

and hook contains six proteins that are 

homologous to one another. These 

homologies suggest that the rod, hook and 

filament evolved from just two ancestral 

proteins – a proto-flagellin and a proto-

rod/hook protein. These proto-proteins were 

likely to have been components of a putative 

flagellum that is ancestral to all flagella, 

dubbed the “ur-flagellum” (  Nature Reviews 

Microbiology, vol 4, p 784 ).

 The process by which a single protein 

or gene can give rise to whole suites of 

homologues is called gene duplication and 

divergence. Occasionally, errors in DNA 

replication cause entire genes (or even larger 

stretches of DNA) to be duplicated. This is an 

opportunity for some serious evolutionary 

innovation: the “redundant” duplicate 

escapes the selection pressure acting on the 

original gene and is free to accumulate new 

mutations and will sometimes, by pure 

chance, evolve useful new functions. The 

result is two homologous genes in the same 

genome. The process can repeat many times, 

creating many variations on a common 

theme. This is what has happened with 

the flagellum.

Flagellum-like proteins also turn up in 

non-flagellar systems, such as the enzyme 

complex called F1-ATPase that manufactures 

the chemical unit of energy ATP (  Proceedings 

Resolving which of these systems evolved 

first is just one part of the flagellum evolution 

problem. Another is reconstructing the 

sequence of events by which the individual 

proteins in the flagellum arose.

Again, homology is the key. By scouring a 

large number of bacterial genomes looking for 

genes that encode flagellar proteins, you can 

see which genes are related and the nature of 

their connection. It is rather like compiling a 

family history using DNA samples from its 

living members. 

One thing these genome scans have 

underlined is that there is no such thing as 

the bacterial flagellum: although all are built 

to roughly the same specifications there are 

many variations in aspects of form and 

function. This is additional strong evidence 

that the flagellum evolved, as it is exactly what 

you would expect to see if today’s flagella had 

diversified from a common ancestor. It also 

raises the question of why an intelligent 

designer would go to all the trouble of 

reinventing the flagellum over and over and 

over again (apparently reinventing the basic 

design twice more for good measure: flagella 

are also found in the other two domains of 

life, Archaea and Eukaryotes, but neither 

resemble bacterial flagella).

irreducible complexity formed a key plank of 

the ID movement’s failed bid to have ID taught 

in school science classes.

So how exactly is the flagellum’s protein 

export system related to the T3SS? One 

possibility is that the T3SS evolved first and 

was later co-opted as part of the flagellum. A 

second is that the flagellum evolved first and 

its protein-export system gave rise to the T3SS. 

It is also possible that both evolved in parallel 

from a common ancestor. 

Most researchers think the best options are 

flagellum-first or parallel evolution. One fact 

in favour of the flagellum-first view is that 

bacteria would have needed propulsion before 

they needed T3SSs, which are used to attack 

cells that evolved later than bacteria. Also, 

flagella are found in a more diverse range 

of bacterial species than T3SSs. “The most 

parsimonious explanation is that the T3SS 

arose later,” says biochemist Howard Ochman 

at the University of Arizona in Tucson. 
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go to all the trouble of reinventing the 
flagellum over and over again? “ 
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of the National Academy of Sciences, vol 104, 

p 485 ). Flagellar homologues have also been 

found in bacteria that do not have flagella. 

Taken together, this abundance of 

homology provides incontrovertible evidence 

that bacterial flagella are cobbled together 

from recycled components of other systems – 

and vice versa – through gene duplication and 

diversification. In other words, they evolved. 

The million-dollar question now is this: to 

what extent is it possible to reconstruct the 

entire sequence of evolutionary events that 

led to the flagellum? Last year Ochman and his 

colleague Renyi Liu made the most ambitious 

push yet in this direction. 

They compared the genomes of 41 species 

of bacterium, hunting flagellum homologues. 

That led them to a set of 24 core genes, similar 

to the core set derived by Pallen and Matzke 

(  Proceedings of the National Academy of 
Sciences, vol 104, p 7116 ). But when Liu and 

Ochman compared the genes with one 

another, they found evidence of homology 

among all 24. Further analysis led them to 

conclude that the entire flagellum evolved 

through stepwise gene duplication and 

divergence from a handful of ancestral genes – 

perhaps even a single gene. 

Liu and Ochman even inferred the order in 

which these genes evolved. Duplication and 

divergence, they argue, initially created the 

rod proteins, which in turn gave rise to the 

hook proteins and, finally, the filament. 

Yet biologists have been quick to point out 

potential problems with these conclusions. 

One is that Ochman assigned homology based 

on gene sequence even when the proteins the 

genes code for were completely different 

shapes. “This is strong evidence against 

homology,” says Pallen. “The prevailing 

wisdom is that [protein] structure is a better 

guide than sequence.” Another criticism is the 

emphasis Liu and Ochman gave to gene 

duplication as the principle source of genetic 

novelty. While the majority of new bacterial 

genes arise in this way, bacteria also pick up 

genes by lateral gene transfer from unrelated 

species. Previous studies suggest that lateral 

gene transfer has played an important role in 

flagellum evolution, says Uri Gophna, a 

geneticist at Tel Aviv University in Israel. 

Furthermore, geneticists W. Ford Doolittle 

and Olga Zhaxybayeva of Dalhousie University 

in Halifax, Canada, argued that Liu and 

Ochman probably overlooked some 

documented events of lateral gene transfer 

  (Current Biology, vol 17, p R510) .

Whatever the outcome of this new debate, 

its very existence is another two-fingered 

salute to the opponents of evolution. “Critics 

of evolution argue that Darwinian 

evolutionary theory has become a dogma that 

no one dare question,” says Miller. “Yet who 

tore into the study? Other scientists.” 

Thanks to all the recent work, the big 

picture of flagellum evolution is much clearer 

than it was just a few years ago, and getting 

better all the time. “This work is just getting 

started,” says Matzke. Ultimately, though, it is 

unrealistic to hope to unravel every twist and 

turn of the bacterial flagellum’s 3-billion-year-

plus evolutionary journey. “That is impossible,” 

says Doolittle. But he argues that the scientific 

imperative is not to reconstruct the entire 

process but simply to prove that the evolution 

of the flagellum is plausible using well-

established natural processes.

That won’t be enough for some opponents 

of evolution, of course. But just as it wasn’t 

good enough for biologists to say “bacterial 

flagella evolved and that is that”, neither is it 

good enough for defenders of ID to say 

“bacterial flagella are designed and that is 

that”. Evolutionary biologists have put their 

house in order. It’s time for their opponents 

to do the same.  ●

Dan Jones is a freelance writer based in Brighton, UK
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Interview

Looking behind 
the numbers

You’ve been described as the “man who would 

prove all studies wrong”. What was it like to find 

yourself in this role?

Overall, the reaction I got was very positive. 

People should not feel threatened by me:

science is an evolutionary process, and 

contradiction and falsification are part of the 

game. We have tons of literature and a lot of it 

will eventually be refuted, but that is not bad 

news. If a small proportion is correct and 

survives then we will have progress.

How did you end up taking on the whole of science?

My parents were physicians and I trained 

in internal medicine. I wanted to deal with 

people and feel that I could improve their 

health, but I liked mathematics too. It was 

difficult for me to choose between the two. 

Then in 1993, I met Tom Chalmers and Joseph 

Lau. Tom was one of the first people to run a 

clinical trial and probably the first physician 

to combine the results of several studies in a 

meta-analysis – he and Joseph described 

cumulative meta-analysis in 1992. They 

introduced me to the idea of evidence-based 

medicine. That meeting had a great influence 

on me. It showed me how to inject robust 

quantitative thinking into clinical work.

How did you apply this quantitative approach?

Some of the early work I did looked at whether 

small studies give the same results as larger 

ones. After looking at hundreds of studies I 

started to ask: how often do the results of 

different studies agree with each other? My 

conclusion was that sometimes small studies 

disagreed with large ones beyond the level of 

chance. Early small studies generally tended 

to claim more dramatic results than 

subsequent larger studies. It’s not just because 

scientists often oversell their results; it’s also 

because small studies with negative results 

are often filed away and never published.

A lot of your work relies on complex statistical 

arguments. Can you explain them in simple terms?

In my 2005 paper “  Why most published 

research findings are false ” (PLoS Medicine, 

vol 2, p e124), I tried to model the probability 

of a research finding being true. By research 

finding I mean any association that is tested 

empirically. You can make some inferences 

based on how big the study is, since bigger 

studies tend to be more reliable. You also need 

to know what level of statistical significance a 

researcher is using when they claim a result. 

There are other things to try and compensate 

for, such as the fact that researchers seek out 

positive results to get further funding. These 

are the layers of complexity I tried to model.

What did your modelling reveal?

For some areas, if you get a positive result then 

it is 85 per cent or even 90 per cent likely to be 

true. That is the case for very large-scale 

randomised clinical trials with very clear 

When the clinical epidemiologist John Ioannidis 
published a paper entitled “Why most published research 
findings are false” in 2005, he made a lot of scientists very 
uncomfortable. The study was the result of 15 years’ work 
cataloguing the factors that plague the interpretation of 
scientific results, such as the misuse of statistics or poor 
experimental design. Ioannidis tells Jim Giles why his 
conclusion is not as depressing as it appeared, and what he 
is doing to improve matters

Photography: Paul Stuart
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protocols, full reporting of results and a long 

chain of research supporting the finding 

beforehand. Then there is the other extreme, 

where an experiment is so poorly designed or 

so many analyses are performed that a 

statistically significant finding wouldn’t have 

better than a 1-in-1000 chance of being true.

If most studies are wrong, how can science progress?

Things change as a field matures. In fields 

that generate data very quickly, you can get 

one study with an extreme result and then 

in less than a year you get another with the 

opposite result. The subsequent research falls 

somewhere in the middle. I think it works this 

way because an extreme finding sells in the 

literature. Once it’s published, you get lots of 

competition in the field. Another group may 

happen to find something that is extreme in 

the opposite direction. I don’t think it’s fraud. 

We are talking about a sea of analyses. With 

one click on my computer I can find thousands 

of results. It’s not that difficult for one team to 

contradict another very quickly.

With so much refutation going on, how can we 

know what to believe?

By keeping an open mind and trying to be 

cautious and critical. What’s missing from a 

lot of papers is a sense of whether the result is 

tentative and unlikely to be true, or whether it 

has high credibility. This can be really 

important. For example, we need a lot of 

certainty about medical care before writing 

guidelines recommending a certain drug. But 

in some other fields, research with low 

credibility is extremely interesting. Most 

molecular science is highly exploratory 

and complex, with occasional hints of 

interesting associations.

How often have you come across high-profile 

oft-cited papers that later turn out to be wrong?

This is actually a common scenario. Some 

colleagues and I have looked at high-profile 

papers, with over 1000 citations each, that 

were later completely contradicted by large, 

well-conducted studies. One example is the 

finding that beta-carotene protects against 

cancer. It doesn’t, but we found a sizeable 

component of literature where these original 

beliefs were still supported. It’s hard to believe 

the researchers had never heard they had 

been refuted. 

People aren’t willing to abandon their 

hypothesis. If you spend 20 years on a specific 

line of thought and suddenly your universe 

collapses, it is very difficult to change jobs.

How are you trying to improve matters?

I’d like researchers to include credibility 

estimates in their papers. Many fields rely on 

a measure of statistical significance called a 

p-value. The problem is that the same p-value 

may have very different credibility depending 

on how the analysis was done and what results 

preceded it. If you take these into account, you 

can measure the credibility for a particular 

finding – the percentage chance that the 

largest, most perfect study possible would 

produce the same outcome. There is 

uncertainty also in the credibility, but I think 

we can say what ballpark we are in.

How should we promote the studies that produce 

more credible results, rather than those that are 

simply statistically significant?

There are several ways to do this. One: do 

larger, well-designed studies. Two: instead of 

having 10 teams of researchers, each working 

behind closed doors, investigators should 

collaborate and study the same questions. All 

the data should be made publicly available. If 

one team comes up with an interesting result 

then the whole consortium should try to 

replicate it. Much of the work I’ve been doing 

for the past 10 years has been about creating 

consortia to carry out research. The experience 

has been very positive.  ●
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Review

THE COSMIC 
MOLLUSC
This beautiful book on the possibility that our 
universe is a huge optical illusion will change the 
way you look at the sky, says Amanda Gefter

■ AS A teenager,   French 

astrophysicist Jean-Pierre 

Luminet  read about the curved 

space of Einstein’s general 

relativity. One passage in an 

astronomy book struck him: 

the universe, it said, could be 

shaped like a mollusc. “In my 

imagination,” Luminet writes, 

“the space-time mollusc gave 

birth to a picturesque vision of 

an immense cosmic snail, its 

skin streaked through with light, 

variegated in bends and curves. 

From then on, I have never 

stopped seeking to clarify this 

strange assertion – what is this 

universal mollusc? – and I have 

never again looked the same way 

upon the beautiful skies of my 

native Provence.” 

That experience stayed with 

him when, in 2003,   NASA’s WMAP 

satellite  gave cosmologists their 

first detailed picture of the 

newborn universe. WMAP 

measured tiny fluctuations in the 

cosmic microwave background 

(CMB) radiation – relic heat from 

the big bang. The data seemed to 

confirm what had become the 

accepted model in cosmology: the 

universe began with a big bang, 

followed by a brief period of faster-

than-light expansion known as 

inflation. But one feature left 

everyone puzzled. If inflation 

happened, there should be 

variations in the CMB at all scales. 

The WMAP data, however, showed 

no fluctuations at scales larger 

than 60 degrees across the sky. 

Soon after, a paper by Luminet 

and his colleagues was featured 

on the   cover of Nature  and 

sparked a media frenzy. The CMB 

anomaly, Luminet claimed, could 

be explained if the universe were 

finite, small and wrapped around 

itself in such a way that if you 

were to travel away from Earth 

in one direction you would 

eventually return from another. 

Perhaps there are no large-scale 

fluctuations in the CMB because 

space isn’t large enough to hold 

them. According to Luminet,   the 

data implied a universe folded 

like a dodecahedron , and the 

headlines cheered: “The universe 

is shaped like a soccer ball!”

Luminet’s book The 

Wraparound Universe was 

originally published in French in 

2001, two years before the WMAP 

results were released. Now it is 

appearing for the first time in 

English with an extended 

afterword. Sophisticated and 

beautifully written, the book 

is a thorough and enjoyable 

introduction to cosmic topology, 

the study of the global structure 

of space. 

In a wraparound universe, 

the sky is an immense optical 

illusion, a hall of mirrors that 

makes space appear larger than 

it is. A galaxy’s light can circle the 

universe many times, so a single 

galaxy can appear as multiple 

bright images across the sky. 

What seem to be different 

galaxies shining in the night sky 

might be “ghosts”, copies of a 

single image. Such copies are hard 

to identify, however. Multiple 

images of a single galaxy won’t 

look identical because they show 

the same galaxy at different times 

and from different angles. So far, 

astronomers haven’t found any 

ghosts, but vast portions of the 

sky remain unexplored. 

As well as ghost hunting, 

physicists can look for patterns 

in the CMB radiation that repeat 

across the sky. The soccer-ball 

model predicts six pairs of 

matched circles. Last year, 

physicists at Imperial College 

London raked the CMB for these 

circles and came up empty-

handed. Last month,   a team of 

Polish astronomers announced 

they had found them , though 

there is a small chance the 

matches are a fluke. The debate 

over the shape of the universe 

remains as lively as ever. 

As I was reading, I found the 

structure of the book a bit strange. 

The first half flows naturally, but 

the second half is full of brief 

chapters whose topics circle back 

to ideas introduced earlier in the 

book. Then I realised that Luminet 

is playing a sort of game – like the 

soccer-ball universe, the book 

itself has an unusual topology.

If the universe turns out to 

be wrapped around itself, 

cosmologists will have to rethink 

cosmic history. Inflation should 

have stretched space out to 

enormous proportions, with our 

observable universe representing 

only a tiny region. If the entire 

universe is smaller than we see it, 

inflation is ruled out. Of course, 

that’s no reason not to search for 

the telltale ghosts and circles. 

“Thirty years after my first 

contemplations of the night sky 

of Provence,” Luminet writes, 

“when I lift my head once again 

toward the starry firmament, I do 

not see the same thing. Twenty 

years of questioning about the 

shape of space have changed my 

gaze. In the sky, one can only see 

what one is prepared to see.”  ●
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The Wraparound Universe by Jean-Pierre Luminet, A. K. Peters, $39, ISBN 9781568813097

“What seem to be 
different galaxies 
could be ghosts”
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The Telephone Gambit 
by Seth Shulman, W. W. Norton, 
$24.95/£15.95, ISBN 9780393062069

ANY reader of detective stories 

knows to watch for subtle 

anomalies. A dozen years ago I 

spotted one while investigating 

the history of fibre optics. In an 

interview in 1921, less than a year 

before his death, Alexander 

Graham Bell had said that he 

considered his greatest invention 

to be the   photophone , an obscure 

device that modulated the 

intensity of reflected sunlight to 

transmit voices through the open 

air. The choice struck me as odd, 

but I didn’t investigate it further. 

  Seth Shulman  spotted another 

anomaly when studying Bell’s 

notebook from the time of his 

1876 telephone experiments.   Bell’s 

sketch  of his voice transmitter was 

strikingly similar to a drawing 

  Elisha Gray  had included in a 

patent filing made at almost the 

same time as Bell’s lawyer filed his 

telephone patent. Clearly a better 

detective than I am, Shulman 

Did Alexander Graham Bell really invent the telephone all by 
himself?  Jeff Hecht discovers some intriguing new clues
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Bookends

From genes to the politician’s mind
Life as It Is: Biology for the public sphere 
by William F. Loomis, University of California Press, $24.95/£14.95, ISBN 9780520253575 
Reviewed by Adrian Barnett

WHAT life is and how we should treat it have provoked 

academic and popular interest since antiquity. 

For much of that time the gap between the discovered 

and the popularly “known” was fairly bridgeable. 

The speed of biotechnological advance and the vigour 

of religious propaganda, argues Loomis, means this is 

no longer true. In this wide-ranging, easily accessible 

and thought-provoking book, he considers life and its 

implications from a cell biologist’s viewpoint, pursuing the ubiquity 

of life’s splendour and how we should relate to this philosophically, 

ethically and in public policy, covering issues from abortion to 

engineered evolution. This profound and beautifully explained 

celebration of life deserves wide readership.

Don’t drink the water
The Blue Death: Disease, disaster and the water we drink 
by Robert D. Morris, Oneworld Publications, £16.99, ISBN 9781851685752 
Reviewed by Debora MacKenzie

WATERBORNE disease kills three children every minute, 

a grim fact that rarely gets the attention it deserves. This 

book is a call to take heed, as things are, if anything, 

getting worse for rich and poor alike. As Morris relates, 

the deadliest waterborne outbreak in history 

happened as recently as 1994, in Africa, while the 

biggest in the US was in 1993. He traces the history of 

infected water: it nurtured both germ theory and public 

health, and epidemiology was born when the doctor John Snow noted 

that a cholera outbreak in London was focused on a water pump. 

Morris brings us up to the present and beyond, showing how we may 

now be harmed by our efforts to clean our water. A veteran of front-

line battles in the water industry, he tells a fascinating story well.

Great writing from the great man
A Stubbornly Persistent Illusion: The essential scientific writings of Albert Einstein 
edited with commentary by Stephen Hawking, 
Running Press/Perseus, £17.99/$29.95, ISBN 9780762430031
Reviewed by Amanda Gefter

THIS broad collection of Einstein’s writing ranges from 

the early papers that turned the universe on its head to 

his later musings on the philosophical foundations of 

science. Novice readers will be surprised at how readable 

much of it is, and everyone will feel the thrill of reading 

Einstein’s own words. As you manoeuvre through his 

symbolic world of clocks, rods, trains and light beams, 

you come to understand not only his physics, but also 

how he thought about physics. If nothing else, read Autobiographical 

Notes, a powerful combination of physics, philosophy and memory, 

in which both the sage and the rebel in Einstein shine through. 

As Hawking writes, “The most lucid, not to mention entertaining, 

proponent of Einstein’s ideas has always been Einstein himself.” 

Mystery shrouds Bell’s patent application, 
but illustrators had their own ideas

dug into historical archives. 

The standard version of Bell’s 

oft-told tale is that he succeeded 

because his lawyer reached the US 

Patent Office just hours before 

Gray. Yet when Shulman checked 

patent office records for 1876, he 

found they recorded only the day 

of filing, not the time. Moreover, 

Bell’s notebook sketch of the 

transmitter was dated just after 

he had returned to Boston from 

a trip to the Washington patent 

office to sort out his application. 

Could Bell have seen Gray’s 

supposedly secret filing? 

Shulman builds a compelling 

case: Bell avoided discussing 

the details of his telephone 

transmitter until he could talk 

about a later version which bore 

less resemblance to Gray’s; the 

transmitter design details were 

inserted on the edge of his 

handwritten patent filing; the 

patent office’s handling of the 

case was unusual; and Bell was 

under intense pressure from his 

financial backer and soon-to-be 

father-in-law, Gardiner Hubbard. 

Shulman caps his list by 

tracking down a statement by a 

patent examiner who claimed to 

have shown Gray’s filing to Bell. 

It’s nearly a smoking gun, but the 

examiner was an alcoholic who 

had given several other accounts. 

Bell’s notebooks were never 

entered as evidence in the series 

of lawsuits over his patent, and 

were not opened to scholars until 

1976. He couldn’t avoid testifying 

in the suits, but he distanced 

himself from the business side 

of things. When he proffered the 

photophone as his greatest 

invention, was it because it was 

his original work alone? Read the 

book and decide – it’s a great tale 

of historic detection.  ●
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Perspectives

From an obsessed mosquito hunter forgetting to go on holiday with his family to a louse 
expert winning praise for his stories from James Joyce and Marcel Proust, London’s 
Natural History Museum has a rich social history. It is a crucial part of what makes the 
museum such an amazing resource for future generations, says Richard Fortey 

My colleagues 
and other animals

■ 
I ONCE nearly burned down the 

Smithsonian’s natural history museum 

in Washington DC. This was many years ago, 

when scholars were allowed to smoke pipes 

while studying the collections kept hidden 

in the vaults. Indeed, scholars were almost 

expected to smoke a pipe. Foolishly, I had 

tapped mine out into a bin full of bits of paper 

when it wasn’t really dead. A janitor with a 

good sense of smell saved my reputation, not 

to mention most of the national collections 

of the US. Had it been otherwise, I doubt very 

much whether I would have been permitted 

to rejoin my own institution in London: the 

Natural History Museum in South Kensington.

Which is just as well, or I would never have 

met some of the remarkable people lurking 

behind the scenes at the museum. These 

professional curators and researchers are 

the conscience of the biosphere. They know 

what species exist in the world; they have 

ideas about what remains to be discovered. 

These scientists deserve to be celebrated, and 

their stories curated.

Among the little-known heroes in the vaults 

is Martin Hall, whose unrivalled knowledge of 

extremely unpleasant flesh-eating flies may 

well have saved the African continent from a 

plague of American screw worm. This insect, 

which burrows into wounds and then eats its 

host alive, had inadvertently been introduced 

into north Africa in the 1980s, from where it 

would almost certainly have spread across 

the continent, destroying cattle and wildlife 

alike. Luckily, while Hall was on a visit to Libya, 

he found screw worm larvae in a herd 

belonging to the agriculture ministry. The 

officials took some convincing that action was 

required, and Martin was forced to raise some 

of the maggots in his hotel room. Eventually, 

and thanks to his prompt recognition of this 

interloper, an eradication programme 

entailing the release into the wild of millions 

of sterile male flies succeeded in eliminating 

the pest before it could get established. 

Then there’s Geoffrey Tandy. During the 

second world war, Tandy, a seaweed expert, 

found himself at Bletchley Park among the 

encrypters and decoders. Not that he was 

expert in such things: he had ended up there 

thanks to a functionary not knowing the 

difference between cryptogram and 

cryptogam (a little-used term for organisms 

that reproduce using minute spores). But when 

sodden German notebooks written in code 

were rescued from a submarine and brought to 

Bletchley, Tandy knew what to do: treat them 

like seaweed. After laying them out between 

the right absorbent paper, vital information 

could be read, the Enigma machine could get 

cracking, and the rest is history. 

Discovery often has such serendipitous 

corollaries. In 1977, the museum’s herring 

expert, Peter Whitehead, found more than 

he bargained for when he hunted down a 16th-

century collection of manuscripts that turned 

out to contain not only the early illustrations 

of the Brazilian herring that he was after, but 

also works by composers both obscure and 

illustrious. After much dogged research, 

Whitehead traced the collection to the 

Jagiellon library in Krakow, Poland, and was 

rewarded by also unearthing a lost Mozart 

score. Sadly, Whitehead’s end was less 

glorious. Diagnosed with a brain tumour, 

he disappeared to exotic climes – and women. 

His office was said to have been kept locked 

by the head keeper because it held too much 

incriminating evidence of his love life.

A life sequestered in the vaults does tend 

to breed egotism – and eccentricity. The early 

20th-century writer W. N. P. Barbellion 

(a pseudonym of Bruce Cummings) wrote 

The Journal of a Disappointed Man, which 

earned an introduction by H. G. Wells and 

praise from Marcel Proust and James Joyce. 

His painful, accurate account of a slow decline 

from multiple sclerosis illuminated by ecstatic 

flashes is so vividly written that it comes as 

a surprise to learn that Cummings was the 

expert on lice. It is beyond irony that his life 

was also so lousy. He deserves new admirers. 

Absent-mindedness is an occupational 

hazard of museum work. Mosquito specialist 

Peter Mattingly was once so distrait that he 

appeared in the office pursued minutes later 

by his desperate wife. Apparently the family 

had been sitting waiting for Mattingly in the 

car, ready to go on holiday, when they spotted 

him racing to the train and his mosquitoes. 

A few other true solitaries spiralled into 

actual lunacy. Zoologist Rudolf Kirkpatrick 

privately published several books in which 

he attempted to show that all rocks were made 

of small fossils called nummulites – even 

rocks that had cooled from molten magma. It’s 

Profile
Richard Fortey was a senior palaeontologist at the Natural 

History Museum and professor of palaeobiology at the 

University of Oxford until he retired in 2006. He won the Lewis 

Thomas and Michael Faraday medals for science writing. 

Life: An Unauthorised Biography and Trilobite! are among 

his best-known books. Dry Store Room No. 1: The secret life of 

the Natural History Museum is published by HarperCollins.

“Herring expert Peter Whitehead was rewarded 
for his hard work – by finding a lost Mozart score”
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an idea of such extravagant preposterousness 

that it becomes almost attractive. 

There is something rather wonderful about 

an institution that can harbour such 

eccentrics alongside world authorities on bees 

and bananas. After three decades there myself, 

doubtless I too have become more eccentric as 

years devoted to the study of trilobites passed 

in scholarly seclusion. But the people who 

work on the shop floor are the substance of 

any institution; the business of what happens 

behind the scenes, the social history, this is 

the real work. When I retired a couple of years 

ago, I wanted to make my own collection of 

the people and stories I had gathered. 

I called the collection Dry Store Room No. 1 

after an obscure store I had discovered not 

long after joining the museum, a place where 

dried fishes and human remains were kept 

alongside turtles and skeletons. In the vast 

rabbit warren that lies behind the public 

facade, few employees ever found their way to 

Dry Store Room No 1, though it is said to have 

been the site of several trysts among the bones. 

It struck me that our own lives are a kind 

of storeroom, a collection we curate using 

our memories. Some things we might rather 

forget but, like it or not, they remain lodged 

in this deep archive. The Dry Store Room 

seemed an appropriate metaphor, a good way 

to encapsulate a personal view of the museum 

and my life there. 

But I quickly realised I needed to set these 

tales in the context of science going on right 

now. Molecular work has transformed how 

we look at classification, and global climate 

change has imparted an added urgency to the 

work of the Natural History Museum: the job 

of naming and describing the natural world 

sometimes feels like a race against the clock. 

Moreover, diseases don’t stand still, and new 

techniques combating parasites are one of 

the few success stories in recent human 

history. So my collection of stories and science 

ended up dedicated to demonstrating the 

importance of museums of natural history – 

and their human fauna. 

Humans have a great capacity for 

forgetting, and as our species grinds on and 

on, wiping out natural habitats and the 

species that live in them, I predict there will 

be deniers who will claim that some species 

never existed in the first place. Natural history 

museums, together with their own social 

history, may provide the only way we can 

answer future generations when they ask 

what we did to the life on our planet.  ●

As important as the National History Museum’s exhibits 
are, the people looking after them have tales to tell too 
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Enigma
No calculator, 
please!
No. 1481 Adrian Somerfield

I HAD 10 different cards, each bearing one of 

the digits 0 to 9 (6 was distinguishable from 

9). I selected six cards with consecutive 

digits and formed three two-digit numbers. 

I wrote down a number which was not 1 but 

was a factor of each of the three two-digit 

numbers. I multiplied the three two-digit 

numbers together and noticed that their 

product was odd. I found that the product 

had as a factor the cube of a number that 

was not 1 and was not the number I had 

written down. Without any serious 

multiplication, tell me which three two-digit 

numbers I formed, in ascending order.

£15 will go to the sender of the first correct 

answer opened on Monday 17 March. The 

Editor’s decision is final. Send entries to 

Enigma 1481, New Scientist, Lacon House, 

84 Theobald’s Road, London WC1X 8NS, or to 

enigma@newscientist.com (please include 

your postal address). The winner of Enigma 

1475 is David Croome of Par, Cornwall, UK.

Answer to 1475 Lines of thought

Five combinations

Commentary

WHEN I wrote in a   previous “World 

lines” commentary  (15 December 

2007, p 52) that I was joining   a 

group of individuals  to call for a 

presidential debate on US science 

and technology policy, I didn’t have 

much hope that such an event 

might actually take place. Yet in the 

few weeks since, we have received 

an overwhelming response, 

not only from the scientific 

community but also from the 

business community, journalists 

and interested lay people. 

  More than 13,000 people  

have already signed up at 

  www.sciencedebate2008. com  to 

support the call. Institutions like 

the   National Academy of Sciences  

and the   Carnegie Institution  and 

editors at leading journals like 

Nature are also openly endorsing 

it. Journalists from Business Week 

to the National Review have been 

calling to hear the latest progress. 

Our issues are now being raised 

by some of the candidates.

I am now happy to report that 

we have formally invited   Hillary 

Clinton ,   Mike Huckabee ,   John 

McCain  and   Barack Obama  to 

debate on 18 April at the   Franklin 

Institute  in Philadelphia. Whether 

they will accept is not yet certain, 

but the debate appears more 

realistic every day.

That’s why it is important to 

emphasise what the debate is 

about – and what it’s not about. 

It is most definitely not intended 

to be a science quiz. Its purpose 

is to air key public policy issues 

relating to science and technology. 

Voters need to know the 

candidates’ policies on such issues, 

and even more importantly to 

know what kind of thought process 

the candidates put into developing 

these policies. Are their decisions 

governed by preconceptions or by 

empirical data? 

Good leadership is about 

tackling big challenges: first 

by recognising issues and 

understanding their empirical 

basis, then by marshalling the 

resources necessary to move 

forward. We needn’t care whether 

the next president can solve a 

differential equation, but has he 

or she thought carefully about 

what might inform the decisions 

that will need to be made in the 

next four years? 

For instance, several of the 

candidates have talked about 

alternative energy sources such as 

biofuels. How will   recent studies  

that suggest biofuel production 

could increase carbon emissions 

impact on their proposals? 

Some candidates have openly 

supported a crewed mission to 

Mars. But what about concerns 

that investing money in such 

missions is causing NASA to reduce 

support for uncrewed science 

missions – including Earth orbiting 

“Are the candidates’ 
decisions governed 
by preconceptions or 
by empircal data?”

Ideas that will 
govern America 

World lines  Lawrence Krauss satellites that may be important for 

assessing global climate change? 

All of the candidates have 

spoken in support of the   America 

Competes Act , which calls for 

substantial increases in funding 

for basic research to preserve 

US economic competitiveness. 

What do they think of the current 

omnibus budget passed by 

Congress, which removed all 

such increases, and how will their 

budget priorities affect research 

and competitiveness? 

All of the candidates have 

spoken out on nuclear power as 

an energy alternative, some in 

support and some against. How do 

they view investments in nuclear 

energy compared to conservation 

technologies? And what do they 

think about the waste disposal 

issues and the potential impacts 

on nuclear proliferation?

The purpose of the debate 

is not – perhaps surprisingly to 

those who assume that every 

advocacy group is based on self-

interest – to get scientists a better 

deal. It is to elevate important 

policy issues in our national 

public dialogue as America 

chooses its next president.

The small group that originally 

came together to propose the 

debate was largely comprised of 

non-scientists. Scientists and non-

scientists alike are advocating 

the debate because we know that 

everyone’s quality of life depends 

intimately on both the health of 

science and technology as a tool for 

improving the world and, crucially, 

on the ability of the leadership of 

the United States to use these tools 

wisely in making decisions that 

will affect all of our futures.  ●
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Feedback–

HOLD the front page! Richard Taylor 

alerts us to a   blog post  by an American 

physics student in England last year 

at http://fliptomato.wordpress.

com about a 1994 paper by M. M. Tai 

entitled: “A mathematical model for 

the determination of total area under 

glucose tolerance and other metabolic 

curves” (  Diabetes Care, vol 17, p 152 ).

Just what is it about Tai’s finding 

that has made it worth a mention 

after all this time? As Flip Tomato 

suggests, let’s substitute a variable in 

the title: “A mathematical model for 

the determination of total area under 

x curves”. Now, anyone who persisted 

with mathematics into their late teens 

may recognise that Tai has reinvented 

integration. That would be the 

mathematics of finding areas under 

curves, as originally devised by Isaac 

Newton and/or Gottfried Leibnitz – in 

the 1670s.

To be fair to Diabetes Care’s readers, 

some of those commenting on the 

article noted this. Even so, Flip Tomato 

found 75 papers citing what Tai calls 

“the Tai method”, and when Feedback 

looked there appeared be   up to 90 that 

reference it .

That so many still cite a paper 

that “discovers” something  

mathematicians have known for 

three centuries makes the case, as Flip 

Tomato notes, for “the importance of 

interdisciplinary communication”.

MEGAN, a border collie belonging to a 

colleague of Gerald Legge, was recently 

taken to the local vet because she was 

suffering from skin irritation, Legge tells 

us. To help calm her agitated response to 

the condition, the vet prescribed some 

Tavegil antihistamine tablets. The medicine 

came with the instructions: “Take two 

tablets as a single dose. Give in the 

evening. FOR ANIMAL USE ONLY. May cause 

drowsiness: if so do not operate machinery 

or drive. Avoid alcohol.”

READER Joe Hardman was browsing 

Nature’s website when he stumbled 

across an abstract for a paper called 

“The Nubble constant and Virgo 

cluster distance from observations of 

Cepheid variables” by Michael Pierce 

and colleagues. 

“Please tell me this is some real 

constant and not a horrendous 

blooper,” Hardman begged Feedback. 

Concerned that the ghost of Edwin 

Hubble might not take too kindly to his 

constant being usurped by Dr Nubble, 

we decided to investigate. Typing 

“Nubble” into the search box at 

www.nature.com revealed things 

to be far worse for the American 

astronomer than we thought. Nature 

listed more than 20 articles about the 

Nubble constant, as well as Nubble 

diagrams and references to the Nubble 

Space Telescope.

In the journal’s defence, it must 

be said that the typo only appears 

online; Hubble’s name is shown 

correctly in the printed magazine. 

An insider tells us that gremlins crept 

into the optical character recognition 

software used to scan in abstracts from 

old Nature papers. 

Nature has now corrected the 

errors.They had to do it, of course, but 

we’re left with a slight pang of sorrow. 

We had developed rather a soft spot for 

the Nubble Space Telescope.

AFTER he had ordered some goods 

online, Derek Woodruffe was offered a 

link to the UK Post Office’s “track and trace” 

service. He is not always in his office, so 

he thought it would be helpful to be told 

roughly when the parcel would be 

delivered there. He duly typed his 13-digit 

reference number into the Post Office 

website www.royalmail.com, whereupon 

he got this answer: “ ‘ Recorded Signed For’ 

items are only tracked after the item has 

been delivered. Depending on whether the 

item was sent first or second class, this 

may be a few days after posting. Please try 

again later. ”

Woodruffe is puzzled about the 

usefulness of this. He assumes that after 

the item has been delivered he will know 

where it is and won’t need to have it 

tracked. On the other hand, it occurs to 

him that if he subsequently loses it he 

will be able to contact the Post Office to 

locate it for him. 

ON HIS return from a four-day holiday 

abroad, Phil Keeling received this 

emailed request from his travel agent: 

“Welcome home! Dear Mr Keeling, we 

hope you enjoyed your trip and stay 

at Liverpool On Airport Parking. We 

would really appreciate it if you could 

take 2 minutes to rate Holiday Extras 

so we can improve our service and in 

return we’ll enter you into a draw to 

win a London Shortbreak for 2!”

Keeling was tempted to fill in the 

form. Who knows the joy of a couple 

of nights’ stay in the car park at London 

Heathrow airport?

FINALLY, in the email Jacqueline Teng 

received from Seagate offering holiday 

specials, there was the offer: “Free tunes! 

Download a free mp3 - holiday goodness 

from us to you. Don’t delay, downloads are 

available only while supplies last!” Teng is 

curious to know just what it is that limits 

the supply of downloads.

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.

The instructions supplied with 
Bryan Carter’s Sonic Plakaway 
toothbrush include a warning: 
“Never use while sleeping”
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The last word–

DIRTY BUSINESS
In   James Bond  films a gun with a 

silencer is used to dispose of bad 

(and good) guys. How does the 

silencer work?

(Continued)

● Having read the recent New Scientist 
book   How to Fossilise Your Hamster  
I have to disagree with your 
explanation of why Bond’s silencer 
could not work (a question that   first 
appeared in The Last Word in 1999 ). 
A gunsmith once told me that the 
report of a gun going off is not caused 
by the cartridge’s explosive charge, 
nor by gases escaping, but rather by 
the sonic boom of the bullet. It’s 
rather like the crack of a whip. 

So in order to silence the weapon, 
you must make the shot subsonic. 
This has been done with a silenced 
version of the   Sterling sub-machine 
gun , in which the only sound during 
firing was the quieter clack-clack of 
its action.
Richard Stewart-Hanney

By email, no address supplied

FAMILY TREE
People often say a child has their 

mother’s or father’s eyes. Can a 

similar thing be said for trees? For 

example, is the pattern of branches 

related to the position and 

orientation of its parents’ branches? 

What, if any, are trees’ visible 

inherited traits?

● The anatomical, chemical and 
morphological characteristics found 
in trees are under varying degrees of 

genetic and environmental control, 
just like the traits of other organisms. 
For a given characteristic, the 
proportion of total variation that is 
explained by genetic control is known 
as its   heritability . This can range from 
0 to 100 per cent: the higher the value, 
the more closely progeny resemble 
their parents and the greater the 
improvement that can be obtained 
by selective breeding. 

The genetic variation itself includes 
additive, dominance and epistatic 
effects, in which one gene modifies 
the action of another. The proportion 
of these effects varies between 
species, populations, environments, 
plantation management conditions 
and also between the individual 
trees. Some pairs of genetically related 
traits interfere with each other, 

making it tricky to obtain benefits 
in both by selective breeding.

Two major sets of visible traits 
are under a high degree of genetic 
control and are of great importance 
for the end use of the wood. One is 
“stem form”, which is a measure of 
sinuosity or deviation from perfect 
straightness. It is associated with 
“reaction wood”, which forms in 
response to mechanical stress, such 
as exposure to strong wind. Reaction 
wood is visibly asymmetric and is 
generally undesirable for end uses 
such as solid wood and pulping 
for paper. 

The variable characteristics of the 
tree’s branches are also important to 
industry and include the thickness, 

number per unit of stem length, 
angle of insertion on the stem, and 
whether branches occur in whorls or 
are scattered at random along the 
length of the stem. These variables 
affect the number and size of 
undesirable knots.

Other characteristics in which 
parents and progeny may be similar 
include flower colour in horticultural 
species and flower or fruit colour, 
shape, size, flavour and nutrient 
content in fruit trees.
Jeffery Burley 

Director Emeritus

Oxford Forestry Institute

Abingdon, Oxfordshire, UK

THIS WEEK’S QUESTIONS
Cold patch

Having recently gained weight, I’ve 
found that areas of my body where fat 
has deposited become cold to touch 
more quickly than those with less fat. 
Why is this?
Katherine Helmetag

Troy, Michigan, US

Shifty sand

On a beach in Malaysia I saw small 
balls of sand in patterns around some 
holes (see Photo). I couldn’t see an 
animal inside any of the holes. So 
what makes these patterns, and 
how are they formed?
Romayne Gallagher

Vancouver, British Columbia, Canada

Contrary cotton

Some garments made of 100 per cent 
cotton will hang-dry on the washing 
line without creases, while other pure 
cotton items end up covered with 
stubborn creases that only a steam 
iron will shift. Why is this? Is it the 
quality of the cotton, or perhaps the 
species of cotton plant it comes from? 
And while we’re on the subject, some 
cotton towels never really absorb the 
moisture from your body however 
many times they are washed, while 
others – initially resistant while 
new – age into the job perfectly well 
after visiting the washing machine. 
What’s going on?
Diana Ball

By email, no address supplied 

“Some pairs of genetically related 

traits interfere with each other, 

making selective breeding tricky”

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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