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NUCLEAR power has lots of drawbacks. 

There is no effective way of dealing with 

waste. There are huge uncertainties over its 

true cost. It has an unpleasant past in weapons 

proliferation, and there is always the risk of 

another Chernobyl. Yet, faced with the threat 

of global warming posed by fossil fuels, can 

we afford to do without it?

Yes, the nuclear debate is back. Last week 

the UK government invited energy companies 

to put forward proposals to build new nuclear 

power plants, and the European Commission’s 

plan to overhaul its carbon trading scheme 

will make nuclear a cheaper option (see page 

6). Indeed renewed enthusiasm for nuclear 

power has been building for a while, perhaps 

inevitably: for all the panoply of renewable 

energy options, the world is still short of 

affordable technologies that can deliver large 

amounts of clean power.

The response of environmentalists to the 

UK’s announcement has been depressingly 

weak. “It won’t solve all our energy problems.” 

No one is saying it will. “It won’t solve any 

problems before 2020.” That’s no reason to 

discount it – the problems of global warming 

will not cease in 2020. “It will be expensive.” 

So, for the moment, are solar and wave power. 

It is unfortunate that the history of nuclear 

power makes it difficult to hold a balanced 

discussion about its future. For more than half 

a century, the industry has sucked up far more 

than its fair share of money and brainpower. 

More worryingly, the civil nuclear industry 

has often been a crude cover for the military.

Despite this chequered past, it would be 

perverse to throw aside all the accumulated 

expertise in nuclear energy if it could be 

useful in the battle against global warming. 

But know this : nuclear energy is unlikely ever 

to be a substantial part of the solution to our 

climate and energy problems. Worldwide 

supplies of cheap uranium will last no more 

than a few decades. Anyway the days of giant, 

centralised power stations of any kind are 

probably on the wane; most likely, we can look 

forward to a more distributed, diverse and 

certainly more efficient system of generation, 

based on renewables.

Given this, the UK government’s decision 

not to subsidise the construction of new 

nuclear plants nor underwrite waste disposal, 

except in extremis, seems sensible. What it 

must do is invest in helping to bring the 

planet-saving renewable technologies of the 

future to the market. The bottom line is clear: 

nuclear power can help us tackle global 

warming, so we should use it, but don’t let’s 

delude ourselves that it still has a major long-

term role to play.  ●

WHY should governments invest in science? 

In some fields it makes obvious economic 

sense. Research at California’s top public 

universities helped create the semiconductor 

industry in Silicon Valley, for example. It is 

less clear that investment in astronomy or 

particle physics has produced anything like 

this kind of return. It has unquestionably 

produced great insights into the nature of 

the universe, but is that enough?

This is a good time to ask such questions, 

since scientists on both sides of the Atlantic 

are reeling from severe funding cuts 

(see pages 8 and 48). Last month, Congress 

slashed $94 million from particle physics 

and fusion programmes, while in the UK 

an £80 million funding deficit could force 

the country to withdraw from some crucial 

international physics and astronomy projects. 

The shortfall in the UK stems from 

accountancy errors rather than direct cuts – 

science funding as a whole continues to rise – 

but it has left British researchers jittery about 

the government’s long-term commitment to 

science in general. When Gordon Brown was 

in charge of the nation’s finances he pumped 

millions into science, but often asked for 

spending to be justified in economic terms. 

Will that be his mantra as prime minister too?

We can only hope not, and that politicians 

will see the value in science beyond a cash 

return on investment. Astronomy and particle 

physics experiments probe some of the most 

profound issues in science. They also generate 

technological spin-offs and create a highly 

trained, specialised workforce, but if they had 

to be justified on purely economic grounds, 

they could disappear altogether.  ●

A cash return is only half the story

Best supporting role
There is a case for nuclear power, but the future is with renewables
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 News in perspective

Upfront–

A TOUGH plan to auction off 

European carbon credits will, 

indirectly, make nuclear power 

a much more attractive option.

Leaked drafts of legislation, 

due to be launched by the 

European Commission on 

23 January, reveal that Europe’s 

ailing trading scheme for carbon 

emissions is due for an overhaul.

The existing trading scheme 

enables companies to buy and 

sell permits to release limited 

amounts of carbon dioxide, but 

has so far failed to do much to 

help Europe make its promised 

20 per cent cut in emissions 

from 1990 levels by 2020. 

Now the commission wants to 

slash the total-emissions cap for 

industrial plants by 21 per cent 

from 2005 levels. The plan is to 

replace the initial free ration of 

tradable permits with an auction. 

This should increase demand for 

the permits, driving up the price 

of carbon emissions, which should 

in turn reduce carbon pollution. 

The new scheme, due to come 

into force in 2013, could greatly 

benefit the nuclear industry in 

nations such as the UK: last week, 

British politicians gave their 

backing to a new nuclear 

programme. The UK government 

argues that the industry would 

become economic if the price of a 

tonne of carbon emissions were to 

increase by 50 per cent – from €24 

today to €36 in the future. By its 

calculations, around six large 

nuclear reactors could generate 

about £15 billion from selling 

carbon credits over 40 years.

Although the carbon-emission 

price hike will be warmly received 

by the UK’s nuclear industry, it 

may face opposition from nuclear-

sceptic countries like Germany, 

Belgium and Spain, which are 

already contemplating taxing 

their ageing nuclear reactors. 

Environmental groups are 

ambivalent about the new plans. 

“Although the tighter rationing 

and auction of emissions permits 

is welcome, the aid it brings 

for nuclear is not,” says Mark 

Johnston, a consultant to 

European environmental groups.

IT’S called the “file-drawer 

problem”. A study fails to produce 

interesting results, so is filed away 

and forgotten – a practice that 

might mean antidepressants don’t 

work as well as doctors think.

To get approval for the 12 

antidepressants that went on 

the market between 1987 and 

2004, drug firms registered over 

70 clinical trials with the US 

Food and Drug Administration 

(FDA). But when Erick Turner 

of Oregon Health and Science 

University in Portland and his 

colleagues combed through 

medical journals, they found that 

23 of these studies never made it 

into a journal. All but one of the 

  unpublished studies  concluded 

that the effect of the drugs was 

negative or questionable (The New 

England Journal of Medicine, vol 

358, p 252). 

Consider all 70 studies and 

antidepressants still emerge 

as helpful drugs. Publication 

bias has exaggerated their 

effectiveness, Turner says, but it’s 

impossible to know if journals 

refused to publish the studies or 

didn’t get them in the first place.  

MOUNTAIN MONKEY SURPRISE
If this monkey looks bewildered, it 

could be because of the excitement it 

has generated among biologists. A uacari 

monkey living in north-western 

Amazonia, it belongs to a species 

unknown to science until recently but 

is now named Cacajao ayresii in honour 

of Brazilian biologist Marcio Ayres, who 

pioneered field studies on uacaris.

Uacaris are traditionally associated 

with flooded forests on the margins of 

lowland rivers, but this one turned up 

in a mountainous area of the Pico de 

Neblina region on the Brazil-Venezuela 

border, a long way from its relatives. The 

new species has a very restricted 

distribution, says Jean-Philippe Boubli 

of the University of Auckland, New 

Zealand, who describes it in a 

forthcoming issue of the International 

Journal of Primatology. Since it lives 

outside any protected area and is hunted 

by local people, Boubli says   it should 

immediately be considered endangered . 

CHILDREN STARVED OF LIFE

“Nuclear power would be 
economic if the price of carbon 
emissions rose by 50 per cent” 

A third of child deaths occur for want 

of simple vitamins and minerals and a 

daily fill of breast milk. That’s the stark 

message from five studies of childhood 

and maternal malnutrition published 

this week in The Lancet. 

“If you eliminated malnutrition, 

you would prevent 35 per cent of child 

deaths globally,” says Bruce Cogill of 

UNICEF in New York, author of a study 

examining whether the situtation could 

be remedied by reforming agencies 

charged with tackling malnutrition . 

Cogill says that although malnutrition 

killed 2.2 million children under 5 in 

2005, only $250 million is spent on 

nutrition aid globally. This compares with 

the $3 billion spent on HIV/AIDS, which 

killed 380,000 children under 15 in 2006.

The main study, led by Robert Black 

of Johns Hopkins Bloomberg School of 

Public Health in Baltimore, Maryland, 

analysed the death toll from malnutrition 

for 2005. It reports that lack of vitamin A 

accounted for 600,000 deaths, and lack 

of zinc for a further 400,000. Lack of 

sufficient breast milk  accounted for 

another 1.4 million child deaths.

Another study warned that poor 

nutrition in the womb and in the first two 

years of life causes   irreversible damage to 

health  that results in short stature, lower 

attainment at school, lower income and 

subsequent birth of smaller babies .

Cogill says that with 80 per cent 

of the deaths in just 20 countries, 

it should be possible to prioritise 

interventions. One option to reverse 

severe malnourishment in children is a 

product called Plumpy’nut – pre-packed 

pouches of peanut paste containing the 

vitamins, minerals and powdered milk 

that would normally have to be given by 

trained staff in an emergency centre. 
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–Nothing more or less than poor nutrition–

Push to nuclear No wonder drug
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SNAKE oil, tortoise blood and 

caiman fat are lubricating a 

slippery slope towards extinction 

for many reptiles. At least 

165 reptile species are used in 

concoctions prepared by folk 

healers around the world, and 

88 are already on endangered 

species lists, according to a report 

in Biodiversity and Conservation 

(DOI: 10.1007/s10531-007-9305-

0). “East Asian freshwater turtles 

are under critical threat largely 

because of over-collection by the 

traditional medicine and food 

industries,” says lead author 

Rômulo Alves of the State 

University of Paraíba in Campina 

Grande, Brazil.

While some reptile products 

are clinically proven, the efficacy 

of most of remains unknown. At 

worst, poor product hygiene can 

lead to dangerous illnesses such 

as salmonella infections, which 

have repeatedly occurred when 

people take rattlesnake pills. 

Alves has previously found 

that folk cures made from animal 

products fly off the shelves even 

in cities with good access to 

modern medicines, leaving 

him with scant hope of a fall in 

demand. “Conservation strategies 

will need to address the cultural 

aspects of folk medicine,” he says. 

IF YOU thought the glass ceiling 

for female scientists had been 

shattered, think again. Women are 

more likely to have their research 

published if the referees who peer 

review their work are unaware of 

their gender, a new study suggests.

It has long been suspected 

that “single-blind” peer review – 

in which reviewers know a 

researcher’s identity but not vice 

versa – can lead to bias. Gender, 

nationality and nepotism have 

also been identified as biasing 

factors in the application process 

for research fellowships.

Some suggest that double-blind 

peer review, in which neither side 

knows the other’s identity, would 

be a fairer system. To find out if 

this is true, Amber Budden at the 

University of Toronto in Canada 

and her colleagues looked at the 

gender of the authors of papers 

accepted by Behavioural Ecology 

before and after it switched to 

double-blind peer review in 2001. 

In the four years following the 

switch, 8 per cent more female 

authors had papers published 

compared to the previous four 

years (Trends in Ecology and 

Evolution, DOI: 10.1016/

“While some reptile products 
are clinically proven, the 
efficacy of most is unknown”

“Double-blind peer review, 
in which no identities are 
revealed, would be fairer” 

FRESH evidence of melting 

came from both poles this week.

Until recently, conflicting 

results have meant estimates of 

ice loss at the poles vary widely. 

Now an international team has 

used satellite data and climate 

modelling to show that, in the 

decade ending in 2006, annual 

ice loss from West Antarctica 

increased by 59 per cent while 

losses from the Antarctic Peninsula 

leapt by 140 per cent (Nature 

Geoscience, DOI: 10.1038/ngeo102). 

These results tie in nicely with 

recent results obtained by other 

methods, bringing consensus 

over ice loss a bit closer.

Also this week, a separate team 

used glacier and meteorological 

data in Greenland to show that 

local warming since 1990 has 

resulted in the most severe 

melting in 50 years (Journal of 

Climate, DOI: 10.1175/2007/

JCLI1964.1).
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j.tree.2007.07.008 ). While Budden 

accepts that there may be other 

explanations, she believes the 

findings should provoke wider 

discussion about the advantages 

of double-blind peer review. 

“There is no reason why all 

journals should not move to 

double-blind peer review,” adds 

Terry Marsh of UK lobbying group 

Women into Science, Engineering 

and Construction.
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–Mind the glass ceiling–

–In need of protection–

60 SECONDS

Anti-whalers’ victory 

Australia’s federal court ruled on Tuesday 

that whaling by Japan in Australian 

waters is illegal. The conservation group 

Humane Society International estimates 

that more than 1300 whales were killed 

in Australian Antarctic waters between 

2000 and 2006 by Kyodo Senpaku 

Kaisha, which has a permit to kill 985 

whales this season. The government 

must now enforce the ruling.

Dying denied trial drugs

Terminally ill patients in the US have 

lost their final appeal to gain access to 

experimental and unapproved drugs. On 

14 January the Supreme Court rejected a 

joint appeal by the Abigail Alliance and 

the Washington Legal Foundation, who 

had argued that dying patients had a 

constitutional right to such drugs (see 

New Scientist, 18 August, p 6).

Bull-sized “mouse”

A huge fossil skull found in Uruguay 

suggests that a 1-tonne rodent was 

roaming the skirting boards of South 

America 4 million years ago. The fossil 

will help reconstruct the appearance of 

the ancestors of today’s much smaller 

rodents (Proceedings of the Royal 

Society B, DOI: 10.1098/rspb.2007.1645). 

Air-miss data released

After weeks of criticism, NASA caved in 

on Monday and released crucial data on 

pilots’ near misses and accidents in a 

format anyone can work with. The 

16,000 pages of raw data had previously 

been published in PDF format, making it 

almost impossible for outsiders to feed 

it into their computers. Researchers 

want to mine the data to reveal just 

how risky air travel really is.

Name that dog

Computers can now recognise individual 

dogs from their barks alone – something 

most humans cannot do. Software 

developed at Eötvös Loránd University 

in Budapest, Hungary, can identify key 

features of barks and distinguish 

whether the dog was barking at a 

stranger or at a ball (Animal Cognition, 

DOI: 10.1007/s10071-007-0129-9).

Reptile peril

Gender bias

Melting away 
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This week–

DO OTHER planets like Earth 

exist? Is there a theory of 

everything? Could fusion provide 

cheap and unlimited energy? 

Physicists think they know how 

to find the answers to all of these 

questions. Yet late last month 

their ability to do so suffered 

a series of devastating blows. 

In December, two major 

funding announcements gave 

physicists on both sides of the 

Atlantic an unpleasant – and 

unexpected – Christmas present. 

In the US, Congress cut 

$94 million from particle physics 

and fusion programmes just 

months after politicians had 

agreed on substantial increases. 

In the UK, the country’s main 

funder of big physics – the Science 

and Technology Facilities Council 

(STFC) – pulled out of several 

international astronomy and 

particle physics projects, and 

cut the money it gives for 

university grants by a quarter. 

This sudden reverse comes 

after several years in which 

government funding for UK 

science has been steadily rising.

The cuts are being felt right 

across the field, and questions 

are being asked about why they 

happened (See “Coincidence or 

conspiracy?”). Many branches 

of physics are being plunged 

into crisis as projects are shut 

down, grants are rationed and 

international commitments are 

broken without warning. 

According to many senior 

researchers, the spending shortfall 

is the worst of their careers. “These 

are savage cuts,” says Michael 

Rowan-Robinson of Imperial 

College London, president of the 

UK’s Royal Astronomical Society. 

“We’ve never experienced 

anything like this.” 

The International Linear 

Collider (ILC) took the hardest hit. 

The plan for this $7 billion project 

is to smash beams of electrons 

into positrons, their antimatter 

equivalent. Hidden in the debris 

would be a zoo of exotic particles 

which physicists would be able to 

examine in much greater detail 

than will be possible with the 

Large Hadron Collider, which is 

almost ready to fire up at CERN, 

the European particle physics 

centre near Geneva, Switzerland. 

Last month, the UK announced 

that it was pulling out of the 

ILC altogether. It had been 

spending around $8 million a 

year and has around 55 people 

working on the project. 

An even heavier financial blow 

came a day later, when the US 

Congress cut its ILC contribution 

for the financial year – around 

$60 million – by 75 per cent. Since 

the other 25 per cent has already 

been spent, work on the design 

by the US has now ceased. The 

decision is part of the reason why 

the two main centres working on 

the project – Fermilab in Batavia, 

Illinois, and the Stanford Linear 

Accelerator Center in California – 

predict that they will have to lay off 

more than 300 staff. “This makes 

for an immediate crisis,” says 

Barry Barish, head of the collider’s 

global design team. “All of a 

sudden there are missing people 

Physics reels as the 
financial axe falls
Some of the hottest projects in science have been 
thrown into confusion. How will they cope?

This week–

 International news and exclusives

JIM GILES
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“The pay-off from the ITER fusion 

reactor could be immense, but 

the planned completion date 

may have to be pushed back”

£8
Shortfall in

 and as

$160m 
Amount cut from US 

contribution to ITER fusion reactor

2 years
Expected delay in design of the 

International Linear Collider
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Gemini telescope in Hawaii. 

This instrument is powerful 

enough to spot planets orbiting 

stars in other solar systems 

and can image the most distant 

galaxies. A loss of access to the 

Hawaii telescope leaves British 

astronomers without access to 

anything of similar power in the 

northern hemisphere; in effect, 

the UK’s optical astronomers can 

now only look at half of the sky, 

says Rowan-Robinson.

Researchers in British 

university departments are also 

waiting nervously to see if their 

funding will be pulled. “Nobody 

knows where all the cuts will 

come,” says Peter Littlewood, 

head of physics at the University 

of Cambridge. “For universities, 

this is the most worrying thing. 

This money is critical.” 

The best that physicists can 

hope for now is that the shortfall 

will be short-term. British 

 In this section

● Secret life of the Higgs boson, page 11

● BSE test may not make meat safer, page 12

● Learning to talk with mirror neurons, page 14 
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researchers are hoping a 

government-commissioned 

review of UK physics, due to 

report in around six months,

will conclude that the cuts 

should be reversed. 

For US researchers, help could 

come in next year’s budget, for 

which negotiations begin next 

month. Alternatively, Congress 

could, in theory, pass a bill that 

reverses the cuts in the last 

budget. Democratic presidential 

hopeful Barack Obama and other 

politicians representing Illinois, 

the home of Fermilab, have 

pledged to support such a move. 

Kei Koizumi, a policy expert at 

the American Association for the 

Advancement of Science, thinks 

success this year is unlikely. “Most 

additional spending is for disaster 

relief or areas where funding is 

politically visible, for example 

veteran spending,” he says.  ●

(See editorial comment, page 5)
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everywhere.” He estimates that 

plans to complete the design by 

2010 will be delayed by two years.

Barish is not the only project 

leader digesting bad news. 

Kaname Ikeda spent the holiday 

break thinking about how to 

cope with the US decision to 

cut its expected $160 million 

contribution from ITER, the 

$10 billion fusion reactor project 

that he heads. The pay-off from 

ITER could be immense. If the 

reactor succeeds in harnessing the 

energy created by fusing isotopes 

of hydrogen, it could pave the 

way for commercial fusion power 

plants that emit no greenhouse 

gases and run on cheap and 

abundant fuel. A site for the 

reactor is currently being levelled 

at Cadarache, France. The impact 

of the cuts is not yet known, but 

the planned 2016 completion date 

may have to be pushed back, since 

the US contribution amounted to 

10 per cent of the total budget. 

The ILC and ITER were relatively 

easy targets for politicians since 

they are both under development 

and being built abroad. But more 

mature domestic projects have 

also suffered. For example, the 

NoVA experiment at Fermilab, 

designed to probe the nature of a 

suite of ghostly particles known 

as neutrinos, lost its $36 million 

funding for the current year.

Fermilab had been in the 

middle of upgrading its particle 

accelerator, with the aim of 

firing a beam of neutrinos 

800 kilometres through the earth 

to a detector in Minnesota. By 

tracking whether the neutrinos 

switch between identities en 

route, physicists would be able to 

tighten up their estimates of the 

particles’ masses. Those would be 

critical results, says Boris Kayser, 

a theoretical physicist at Fermilab. 

There are several theories vying 

to unify the universe’s particles 

and forces, and each makes 

different predictions about 

neutrino masses, so NoVA would 

help narrow the field. 

In the UK, the STFC signalled 

an end to British involvement 

in several major astronomy 

projects, possibly including the 

COINCIDENCE OR CONSPIRACY?
Why did two major science powers decide 

to slash funding for physics at the same 

time? While some have begun to worry 

that research is falling out of favour, the 

consensus is that it probably has more 

to do with political expediency and poor 

management than a concerted attack.

In the US, Congress had been fighting 

the administration for months over how 

a flat total budget should be shared out. 

Both sides initially agreed that physics 

should get substantial increases, but 

time ran out on the negotiations and 

something had to give. Policy observers 

say it was easier to cut US involvement 

with overseas science projects than 

risk a backlash by targeting domestic 

priorities such as healthcare.

Tough as this is, there could be even 

bigger problems ahead for US physics. Kei 

Koizumi, a policy expert at the American 

Association for the Advancement of 

Science, points out that just a few months 

ago the Democrats and Republicans had 

agreed on the need to double US physics 

spending. “If these cuts can happen in an 

atmosphere where both parties agree on 

doubling, imagine what could happen 

if people stop talking about it,” he says. 

(see also “Commentary”, page 48)

Physicists in the UK suffered for 

different reasons. The Science and 

Technology Facilities Council, the body 

behind the cuts, points to escalating 

running costs, and also argues that 

savings had to be made somewhere to 

meet its commitments to several big 

projects, such as the Diamond 

synchrotron being built at Harwell in 

Oxfordshire, and an international 

observatory in Chile. 

Many scientists blame 

administrative failings rather than 

a policy change for the cuts. “It’s an 

accounting cock-up and bad 

management. It could have been seen 

coming six months ago,” says Peter 

Littlewood, head of physics at the 

University of Cambridge. He thinks 

those higher up the chain of command 

were probably not aware of the trouble 

the STFC had got itself into until the 

cuts were announced. “There is clearly 

something broken in the system, 

because I don’t think the government 

believes that they were cutting the 

science budget.” Next week, 

a parliamentary select committee will 

begin questioning STFC officials over 

their handling of the budget.

£80m 
all in British particle physics 

d astronomy funding

300+
Number of lay-offs predicted 

at flagship US laboratories

25%
Expected drop in funding

for UK particle physics and 

astronomy grants 
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This week–

WE ARE used to thinking about 

how evolution selects for a wide 

range of physical traits, but the 

idea that natural selection could 

favour a quality as abstract as 

information content takes some 

getting used to. 

It’s something that physicist 

William Bialek at Princeton 

University takes in his stride, 

by thinking about organisms as 

computers. “How well we do 

in life depends on our actions 

matching the external conditions,” 

he says. “But actions come from 

‘inside’, so they must be based on 

some internal variables.” 

In other words, an organism 

that embodies some knowledge 

about its environment is in a 

better position to exploit 

environmental resources and 

optimise its growth potential, 

says Bialek. He likens it to the way 

a seasoned poker player who 

understands the rules and 

subtleties of the game wins 

more than a novice. 

Bialek’s team has formalised 

this line of thinking, using the 

single-celled bacterium 

Escherichia coli as a model. Each 

bacterium uses lac proteins to 

break down its food, the sugar 

lactose. Protein production is a 

costly business, so overproduction 

harms the organism’s survival 

prospects. A bacterium that 

“knows” how much lac protein to 

produce to maximise its use of 

available sugar will have a 

competitive edge over rival cells. 

Previous work has shown that, 

over a number of generations, 

E. coli adjusts the quantity of lac 

proteins it produces to best 

exploit its environment. For 

example, the lucky bacterium 

that finds itself on a discarded 

sugar bun will produce daughter 

cells that churn out plenty of 

lac proteins, while subsequent 

generations of bacteria living on 

 a clean kitchen tile will see a 

reduced output. 

The optimum level of 

production is determined by 

information about the external 

environment, says Bialek. 

“What’s not obvious is that this 

can be made mathematically 

precise,” he says. “When we talk 

about having information we are 

really talking in terms of bits.” 

Bits, or binary digits, are the basic 

unit of information storage in 

digital computing and, Bialek 

argues, in life as well. 

His team calculated that 

bacteria storing one bit of 

information about lac protein 

production in their gene 

regulatory network – which 

gives the cell the capacity to turn 

production of one protein on or 

off – have a 5 per cent “fitness 

advantage” over bacteria storing 

no bits.

This suggests that there is an 

“information minimum” for life, 

says Bialek, and that natural 

selection favours organisms that 

capture more bits of information 

about their environment. For 

E. coli processing a single type of 

sugar, the minimum lies between 

one and two bits, he says (www.

arxiv.org/abs/0712.4382).

David Deamer at the 

University of California, Santa 

Cruz, thinks Bialek has 

overestimated the information 

needed for life. “From my research 

on the earliest forms of cellular 

life, it seems to me that something 

can be alive in every sense of the 

word yet have not an inkling of its 

environment,” he says. 

“The first life would have had 

the most rudimentary regulatory 

feedback mechanisms, and only 

later develop sensory responses to 

the environment.”  Colin Barras  ●

Well-informed bugs 
stay ahead of the pack

SOUNDBITES

‹ We feel the premises 
registration/animal ID issue is 
an act of the anti-Christ.›

A group of Old Order Amish farmers 

register their objection to the US 

National Animal Identification System, 

a Bush Administration initiative also 

dubbed “barnyard Big Brother” (Los 

Angeles Times, 14 January)

‹ The environmental 
problems caused by biofuels 
and also the social problems 
are bigger than we thought.›

Stavros Dimas, the European Union 

environment commissioner, admits that 

the EU did not foresee the problems 

raised by its policy of obtaining 10 per 

cent of Europe’s road fuels from plant 

matter (BBC News online, 14 January)

‹ This is exactly the sort 
of ethical, innovative and 
life-enhancing research that 
the grant was established 
to promote.›

Cardinal George Pell of Sydney, 

Australia, announces that his archdiocese 

is donating US$86,000 for research on 

the therapeutic potential of adult stem 

cells, the fourth such grant it has 

awarded  (National Catholic Reporter, 

Kansas City, Missouri, 11 January) 

‹ You have to set a goal, 
whether it’s new clothes, 
losing 20 pounds or being in 
good shape when you land 
on Earth.›

NASA astronaut Clay Anderson, who 

lost 5.5 kilograms during workouts on 

the International Space Station last year 

and is part of a NASA initiative to increase 

fitness levels among the general public 

(The Guardian, London, 14 January)

‹ Irregularities in the 
monitoring of air quality 
account for all reported 
improvements over the last 
nine years.›

Environment consultant Steven 

Andrews doubts whether air quality 

really has improved in Beijing ahead of 

the 2008 Olympic Games, as China 

claims (The New York Times, 10 January)
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“There is an ‘information 

minimum’ for life, and evolution 

favours organisms that ‘know’ 

more about their environment”

–Are E. coli paying attention?–
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THE Higgs boson has been 

moonlighting. Not content with 

its day job of giving other 

particles their mass, it may also 

have driven the expansion of the 

early universe, given a little 

tinkering, according to two 

separate studies.

Soon after the big bang the 

early universe is believed to have 

undergone a period of rapid 

expansion, known as inflation. 

The idea is that hypothetical 

particles, aptly named “inflatons”, 

drove this expansion by pushing 

space apart. 

But there’s a problem. “If you 

ask cosmologists what the inflaton 

actually is, they will stumble,” 

says Anupam Mazumdar at 

Lancaster University in the UK. 

“We need a connection between 

the inflaton and particles that we 

know about.”

That’s where the Higgs boson 

comes in. Although yet to make 

an appearance, it would seem to 

be the perfect candidate for the 

inflaton because the Higgs is the 

only particle with the “negative 

pressure” required to push space 

apart. But no matter how you 

adjust the Higgs’s properties in 

calculations, it either drives the 

universe’s expansion too quickly 

or creates huge ripples in space-

time. Such ripples are nowhere 

to be seen in the cosmic 

microwave background (CMB), 

the radiation left over from the 

big bang, points out Mikhail 

Shaposhnikov at the Swiss 

Federal Institute of Technology 

(EPFL) in Lausanne. 

Now Shaposhnikov and 

Fedor Bezrukov, also at EPFL, have 

found a way to rein in the Higgs. 

Their calculations show that if 

gravity interacted with the Higgs 

in a different way to other 

particles, it would damp down 

the Higgs’s explosive effect, 

slowing down inflation enough 

to fit with observations of the 

CMB, says Shaposhnikov 

(Physics Letters B, vol 659, p 703).

Andrew Liddle, a cosmologist 

at the University of Sussex in 

the UK, is impressed. “This is 

definitely a very positive move,” 

he says. But he points out that 

messing with our understanding 

of gravity – even if only in the 

early universe – might be too high 

a price to pay for this. General 

relativity predicts that gravity’s 

effects are solely determined by 

a particle’s mass, but in 

Shaposhnikov and Bezrukov’s 

model, the Higgs becomes a special 

case, with gravity apparently 

tugging on it less than on other 

particles of similar mass.

Shaposhnikov points out 

that other physicists, including 

Nobel laureate Richard Feynman, 

have also found that they 

needed to tweak the interaction 

between the Higgs and gravity in 

attempting to unite particle 

physics and general relativity. 

“We didn’t invent this interaction, 

but we are the first to try and 

solve this specific problem with 

it,” says Bezrukov. 

Mazumdar, however, does not 

want to compromise general 

relativity. Instead, he and his 

colleagues are using a different 

tactic to control inflation, based 

on a theoretical extension to the 

standard model, known as 

supersymmetry (SUSY). 

SUSY predicts that every 

standard particle has a heavier 

twin. Mazumdar’s team says that 

the inflaton’s behaviour would be 

modified if it was made up of the 

Higgs plus the “sneutrino” – the 

neutrino’s heavier twin – plus any 

one of a range of other SUSY 

particles, none of which has so far 

been seen experimentally. In their 

model, the rate of inflation is 

controlled by the masses of the 

SUSY particles and of regular 

neutrinos, which have been 

detected. By using the measured 

masses for the neutrinos and 

predicting masses for the 

sneutrino and other SUSY 

particles, the team found they 

could get the right amount of 

inflation (Physical Review Letters, 

vol 99, p 261301). 

What’s more, their model 

could also explain the origin of 

the mysterious dark matter 

thought to make up most of the 

matter in the universe. The 

sneutrino is already a good 

candidate particle for dark matter 

and Mazumdar’s team says the 

number of inflatons needed to 

drive inflation would decay after 

the universe’s rapid expansion, 

leaving behind just the right 

density of sneutrinos to match 

the amount of dark matter. 

“They’ve successfully 

explained three seemingly 

unconnected things at once – 

inflation, dark matter, and the 

neutrino mass – and that makes 

it compelling,” says Liddle. But he 

adds that the group needs to 

check if their model fits with 

CMB observations.

Both teams are also eagerly 

awaiting data from the Large 

Hadron Collider, the particle 

accelerator being built at CERN 

near Geneva in Switzerland, to be 

switched on later this year.  ●

“The Higgs is the perfect 

candidate for the inflaton: only 

the Higgs has the negative 

pressure to push space apart”

www.newscientist.com 19 January 2008 | NewScientist | 11

–If this doesn’t find the Higgs…–

Higgs boson puffed 
up the cosmos
ZEEYA MERALI
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This week–

WE’VE all found ourselves repeatedly 

making the same mistake, like 

playing the same wrong note in 

a piece of music, even though 

we know it’s wrong. It’s called 

perseveration – and it is particularly 

common among people with 

schizophrenia.

Now Dara Manoach and her team 

at Harvard Medical School in Boston 

think they know why. They monitored 

the brain activity of people with 

schizophrenia while they performed 

an antisaccade task, which involves 

looking at a screen on which a green 

ring is flashed up, either on the left 

side or the right. Before the ring 

appears, one of two cues is flashed 

which tells participants how to react 

to the ring. Depending on the cue, 

they have to either look towards the 

ring, or look away.

People instinctively look 

towards a new stimulus, so it is 

harder to look away. The subjects 

with schizophrenia were particularly 

prone to looking towards the ring 

when they were supposed not to 

(Brain, DOI: 10.1093/brain/awm307). 

“They’re failing to learn from errors 

in the short term,” Manoach says.

When the team looked at the 

brain activity of the people with 

schizophrenia, they found that two 

circuits were firing less than in control 

subjects. Both originate in the anterior 

cingulate cortex – suggested to be 

the brain’s error-processing system.

The first affected circuit was the 

“reinforcement learning” network. 

This circuit fires if our response to a 

stimulus turns out to be wrong, 

helping us learn from our mistakes. 

The other misbehaving circuit was 

the “affective appraisal” network, 

which controls our emotional response 

to mistakes. The low activity suggests 

that the people with schizophrenia 

cared less about their errors.

The research is “a very convincing 

demonstration” of brain processes 

underlying perseveration in 

schizophrenia, says Philip Harvey of 

Emory University School of Medicine 

in Atlanta, Georgia. He adds that 

reduced activity in the two circuits 

identified by Manoach could help 

explain poor results in problem-

solving tasks.  Michael Marshall  ●

Doomed to 

repeat more 

mistakes 

EUROPE is winning the battle 

against BSE, eight years after it 

exploded across the continent. 

The   ban on feeding meat and 

bonemeal to animals  has halted 

the spread of infection, and last 

year a mere 49 animals tested 

positive at slaughter in the UK. 

Now the European Commission 

wants to ease up on controls and 

the number of cattle undergoing 

expensive tests. Will this put 

people at risk?

ProMetic, a Canadian company 

that has developed a super-

sensitive BSE test, argues that we 

must impose the most stringent 

tests possible on cattle because 

we know so little about the 

disease. A new generation of tests 

may be about to gain approval 

from the commission,  including 

ProMetic’s, which is 80 times 

more sensitive than existing tests. 

However, many scientists 

argue that while such tests may 

reveal more infected animals, 

they may not necessarily make 

meat any safer for people to eat.

At the moment every cow over 

30 months old in the EU destined 

for the table is  tested at slaughter 

for BSE . Infected younger cattle 

are rare – tests found no infected 

animals under 35 months old in 

2006, and only one in 2005, at a 

cost of €320 million. To save 

money, the EC wants to increase 

the age limit for testing. 

This may be difficult to 

justify if more sensitive tests 

start finding infected younger 

cattle. ProMetic’s test uses a resin 

which selectively binds to the 

  prion protein involved in BSE . 

While they hope to use their test 

to remove prions from donated 

human blood, the binding process 

effectively concentrates any 

prions present in a sample, so it 

can also make existing cattle tests 

for prions more sensitive. 

Ultimately, ProMetic wants to 

develop a test sensitive enough to 

detect prions in live animals and 

in people, says Peter Edwardson, 

the company’s chief medical 

scientist. In the meantime, as 

the resin boosts the sensitivity 

of slaughterhouse tests on cattle 

brain, they can give a positive 

result for dead cattle that would 

otherwise have tested negative. 

“This means we can detect 

infected animals earlier in the 

disease,” says Edwardson. 

Some question whether this 

will make meat any safer. “It 

would be great for research,” 

says Marcus Doherr of the 

University of Bern in Switzerland. 

But existing tests detect prion 

material in cattle brain when 

there is not enough to infect 

people with vCJD, the human 

form of BSE.

Markus Moser, CEO of the 

Swiss firm Prionics, the leading 

manufacturer of   BSE tests , agrees 

that more sensitive testing at 

slaughter is unlikely to make 

meat safer. “Once prion reaches 

the brain, its levels rise very fast. 

There are probably not a lot of 

cattle around with lower levels 

that would turn up on such tests.” 

By identifying more infected 

animals, says Doherr, highly 

sensitive tests would prolong 

the agony, and the expense, for 

countries trying to get rid of BSE – 

with little benefit to public health.

Edwardson disagrees. “Until 

someone can prove that these 

animals pose no risk to people, we 

should not let our guard down.”  ●
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“Lower activity in specific brain 

circuits suggests that people

with schizophrenia care less 

about their errors”

–Pretty safe to eat–

Should Europe ease 
up on BSE tests?
DEBORA MACKENZIE
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AT LONG last, researchers have proved 

that they can make human embryonic 

stem cells (hESCs) without destroying 

embryos. This may get round some 

moral objections to embryo research, but 

more importantly it has brought to light 

a substance that should help all stem-

cell researchers improve their craft. 

That substance is laminin – a protein 

found in the basement membranes 

underlying layers of skin. It made all the 

difference to work by Robert Lanza and 

his team at Advanced Cell Technology, a 

company in Worcester, Massachusetts, 

who last week reported creating hESCs 

from human embryos without destroying 

them (Cell Stem Cell, DOI: 10.1016/j.

stem.2007.12.013). 

Until now, hESCs have all been 

extracted from human embryos, which 

have perished in the process. Lanza 

avoided this by plucking out a single 

blastomere – one of the eight cells in an 

early-stage human embryo – and using 

it to generate a new colony of hESCs.

When Lanza first attempted this a 

year ago, he proved that   hESCs could be 

generated from blastomeres , but none of 

the embryos he took them from survived. 

Also, just 2 per cent of his blastomeres 

generated hESCs, so large numbers of 

embryos were needed. But when laminin 

was added to the dishes in which the 

embryos were grown, the majority of 

them survived the removal of a blastomere, 

and 20 to 50 per cent of the blastomeres 

went on to generate hESCs – about the 

same success rate as when taking hESCs 

directly from embryos. 

Laminin appears to stop newly 

extracted blastomeres from turning into 

useless trophectoderm cells from which 

the placenta originates, and instead 

encourages them to turn into hESCs. 

Lanza says the same trick might make 

it easier to create hESCs through other 

methods such as somatic cell nuclear 

transfer, the “cloning” technique which 

gave us Dolly the sheep. This would allow 

hESCs to be created from a patient’s own 

cells, making them less likely to be rejected 

if used therapeutically. To do this, doctors 

will have to make a “transient” embryo, 

by fusing an empty human egg with 

DNA extracted from one of the patient’s 

own cells – something not yet achieved 

in humans. 

Other types of stem cell might reach 

the clinic first, such as those created by 

  reprogramming adult cells . Even this 

technique could benefit from laminin, 

says Lyle Armstrong at the University of 

Newcastle upon Tyne in the UK. “Lanza’s 

paper contributes a great deal to the 

body of knowledge concerning hESC 

derivation,” he says.  Andy Coghlan  ●

Simple protein helps human 
embryonic stem cells to thrive

INSIGHT

Now it’s easier to take a cell from the 

embryo inside and turn it into stem cells

Royal Society 2008 
Medals and Awards 

Nominations open
The Royal Society’s Medals and Awards are an important part of our work in recognising excellence  
in science across the disciplines and exist to reward those who have made outstanding achievements.

The deadline for all 2008 nominations is 25 February 2008.

Prize lectures awarded in 2008 will be delivered in 2009.

Biological sciences
Copley Medal, Royal Medal, Buchanan Medal,  
Darwin Medal, Croonian Lecture, Francis Crick  
Lecture and Leeuwenhoek Lecture.

Physical sciences
Royal Medal, Davy Medal, Hughes Medal,  
Leverhulme Medal, Rumford Medal, Bakerian  
Lecture and Clifford Paterson Lecture. 

Women in science 
Rosalind Franklin Award.

Science communication 
Michael Faraday Lecture and Royal Society Kohn Award.

Philosophy and history of science 
Wilkins-Bernal-Medawar Lecture.

International 
Royal Society and Académie des sciences Microsoft  
European Science Award and Royal Society Pfizer Award. 

Full details of all awards can be found at:

royalsociety.org/awards
Registered charity No 207043
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This week–

STICK your tongue out at an 

infant  and he’ll stick his tongue 

back out at you. Without knowing 

it, your bundle of joy is showing 

off his ability to imitate gestures 

using the mirror neurons in 

his brain. Now it appears he may 

use the same neurons to learn 

how to speak.

  Mirror neurons fire when a 

person performs an intentional 

action  – such as picking up a pen – 

and also when he or she observes 

someone else performing the 

same action. 

Using measurements of neural 

activity, Richard Mooney from 

Duke University, North Carolina, 

and colleagues have identified 

mirror-like neurons in the 

forebrain of a bird – the swamp 

sparrow. These neurons fire both 

when the songbird sings a series 

of notes and when it hears the 

same song sung by another bird . 

This is the first time the 

involvement of mirror neurons 

has been identified in vocal 

communication, says Mooney. “If 

a bird hears a song which is similar 

to its own, these neurons will fire,” 

he says. “The bird matches its own 

song with that of the stranger and 

can tell, for example, that it is from 

the same species or population.”

Importantly, these neurons 

also provide a mechanism for 

vocal learning. When a bird listens 

to a sound, motor areas of the 

brain involved in song production 

are activated too. Mooney 

suggests that these areas are 

creating an internal copy of the 

pattern of mirror neuron firing 

that accompanies the sound . The 

bird uses this to create a “mental 

image” of what a particular sound 

is like. “Most people have a sense 

that they can call up of what 

something should sound like,” 

says Mooney. “Beethoven is a 

stunning example, the man spent 

much of his career largely deaf, 

but was able to realise fantastic 

musical compositions.” 

When a bird recreates a sound, 

says Mooney, the feedback from 

its ears will cause mirror neurons 

to fire. The brain can compare 

what it hears with its mental image 

and by detecting differences, can 

correct any errors (Nature, DOI: 

10.1038/nature06492).

“The implications of this 

research with regard to human 

language are important,” says 

Marco Iacoboni of the Ahmanson-

Lovelace Brain Mapping Center 

at the University of California, 

Los Angeles. “It makes sense to 

hypothesise that mirror neurons 

are also important in human 

language acquisition.”

“There are strong parallels 

between structures in the songbird 

forebrain and the human brain,” 

says Mooney. Embryologically, the 

area that contains mirror neurons 

in the bird is derived from the 

same structure as the Broca’s area 

in humans – the region of the 

brain responsible for language. 

“I think it’s entirely plausible 

that the neurons in the Broca’s are 

working in the same fashion as 

those in the songbird,” says Clive 

Frankish, a psychologist  at the 

University of Bristol, UK. “It would 

not be possible for language to 

evolve as it has without a type of 

active imitation process. We’re 

constantly looking for   precursors 

of language in non-human 

species that suggest mechanisms 

for language  were in place already, 

and this could be a vital ingredient 

of the evolutionary process.”  ●

Learn to talk with 
singalong neurons
HELEN THOMSON
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“If a bird hears a song which 

is similar to its own, mirror 

neurons will fire. This provides 

a mechanism for vocal learning”

Registered Charity No 207043

This meeting will explore advances in the understanding of addiction in 
terms of specific behavioural processes mediated by molecular changes 
in increasingly-well-defined underlying neural and neurochemical systems
which have led to several competing theories that urgently need resolution.
U.K. and international experts will debate the nature and extent of
addiction, as well as its causes and consequences, including treatment.

The meeting is free to attend but pre-registration online is essential. The
online registration form and programme information can be found at: 

royalsociety.org/events

Tel: 020 7451 2683

Email: discussion.meetings@royalsociety.org

Neurobiology 
of addiction: 
new vistas

Discussion Meeting 

Monday 25 and 
Tuesday 26 February 2008

Organised by:

Professor Barry Everitt FRS
Professor David Nutt 
Professor Trevor Robbins FRS

–I’ll name that tune in one–
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COLONIAL adventures have been 

blamed for many ills. Now we can 

add syphilis to the list. 

It appears that Columbus and 

his crew were responsible for 

introducing Europe to the bacteria 

that went on to become venereal 

syphilis, according to genetic 

evidence from Guyana. 

The spirochete bacteria that 

cause   syphilis  are closely related 

to a   skin infection called yaws , 

which once afflicted children 

throughout the humid tropics 

and still occurs in Africa and Asia. 

Kristin Harper of Emory 

University in Atlanta, Georgia and 

colleagues sequenced yaws genes 

from Africa and Asia, and syphilis 

genes from around the world – 

plus related bacteria from 

animals – and constructed a 

family tree. They then compared 

these with recently acquired yaws 

samples from remote indigenous 

people in Guyana – the last South 

Americans with the disease.

While Old World yaws is the 

most ancient infection, syphilis 

emerges as its relatively recent 

descendant. Yet the Guyanese yaws 

was intermediate – like west African 

yaws, except at four places on its 

genome which resembled syphilis 

(PLoS Medicine, DOI: 10.1371/journal.

pntd.0000148). Guyanese children 

with yaws had chancres typical of 

syphilis rather than the “raspberry” 

spots of the Old World disease.

Columbus brought syphilis to Europe

“FRIENDLY” bacteria added to 

yogurts and other foods may one 

day allow you to absorb less fat 

from your diet. 

Jeremy Nicholson of Imperial 

College London and his collegues 

fed strains of “probiotic” 

Lactobacillus to mice whose gut 

microbes had been replaced by 

those that usually live in the 

human gut. These mice had 

different bile acids from the 

norm – favouring enzymes that 

reduce the amount of fat digested. 

“More fat is available for the 

microbes, and you then ‘poo’ the 

microbes out,” says Nicholson. 

The changes may only reduce 

fat absorption by a little, but this 

could have an impact on obesity if 

sustained over several years 

(Molecular Systems Biology, DOI: 

10.1038/msb4100190).

Coming soon, 

the yogurt diet 

IF ONLY we could fight the flab 

and signs of ageing the way stars 

do. It seems some of them can 

stay trim and youthful by eating. 

Most stars eventually become 

white dwarfs, but along the way 

expand into red giants, while their 

cores shrink and undergo a short 

but intense phase of helium fusion. 

Yet gobbling up a Jupiter-sized 

planet as they expand can affect 

that process, says Brad Hansen at the 

University of California, Los Angeles. 

He calculates that if the planet 

is swallowed at the right moment, 

its gravity can peel off the star’s 

outer layers. The star’s exposed 

core never gets hot enough to fuse 

helium, so the resulting white 

dwarf is less massive and looks 

younger than it should for its age. 

A group of white dwarfs with 

precisely those characteristics 

was observed three years ago in 

the star cluster NGC 6791. The 

work was presented at the annual 

American Astronomical Society 

meeting in Austin, Texas last week. 

Stars’ pig-out diet

EARTHQUAKES don’t always mean death and 

destruction – at least for the microbes deep in the crust. 

Regular rumblings could be what enables them to stay 

alive, and maybe even Martian bugs too. 

Earth’s crust is known to host hardy bacteria 

even several kilometres below the surface. These cells 

have no sun or organic material to sustain them, so they 

feed off the chemical energy in reactive molecules like 

hydrogen dissolved in the water seeping out of the rock. 

This means their growth and survival is limited by the 

flow of nutrients from deeper sources.

Now Norman Sleep and Mark Zoback of Stanford 

University in California say that earthquakes could 

provide these nutrients. The researchers’ calculations show 

that seismic events would happen regularly enough to 

ensure a dependable supply of food right across a tectonic 

plate, sustaining microbial life for billions of years. 

(Astrobiology, vol 7, p 1023).

Earthquakes would open up cracks in the crust, they 

say, releasing pockets of deeper nutrient-rich water and 

exposing fresh rock that would further drive the chemical 

reactions that release molecules like hydrogen. 

This mechanism might also keep microbes supplied with 

nutrients deep in the single-plate crust of Mars, they say. 

Shaken and stirred crust 
keeps deep microbes alive

www.newscientist.com 19 January 2008 | NewScientist | 15

In brief–

 Research news and discovery

080119_N_InBriefs.indd   15080119_N_InBriefs.indd   15 14/1/08   3:30:32 pm14/1/08   3:30:32 pm



B
. 

PA
W

LO
W

SK
I/

P.
 S

O
R

O
KO

W
SK

I

A
LA

N
 W

IL
LI

A
M

S/
N

H
PA

YOUNG female dinosaurs could 

barely wait to start having sex, if 

the recently discovered bones of 

adolescent females are anything 

to go by. The bones reveal 

reproduction started before the 

animals were full-grown, a trait  

not seen in birds – the dinosaurs’ 

closest living relatives. The 

finding adds to evidence that 

  adolescence was the prime of 

dinosaur life .

The insight comes from 

medullary bone, a calcium-rich 

tissue that female birds form as 

a calcium reserve during egg-

laying, which had also been 

 identified in a leg bone of 

Tyrannosaurus rex . Now Andrew 

Lee and Sarah Werning at the 

University of California, Berkeley, 

have found medullary tissue in 

two more dinosaurs: the predator 

Allosaurus and the plant-eating 

Tenontosaurus (Proceedings of the 

National Academy of Sciences, 

DOI: 10.1073 pnas.0708903105).

The tenontosaur was 8, the 

allosaur 10, and the T. rex 18 years 

old. All three were adolescents 

too young to have reached their 

full growth, showing that 

dinosaur reproduction differed 

markedly from that of their 

avian descendants. 

Dinosaur teens 

were hot to trot 

MELANOMA is one of the most 

aggressive cancers known. Now 

better treatments may be on the 

horizon, thanks to the discovery 

of   cancer stem cells  that both 

trigger the initial tumour and 

drive its later growth.

An idea gaining popularity is 

that rogue stem cells, which resist 

treatments that kill most cancer 

cells, are what make some tumours 

especially dangerous and prone 

to recurrence (New Scientist, 

25 November 2006, p 48). Yet so 

far these cells have been identified 

in only a few types of cancer.

Now a team led by Markus 

Frank of Harvard Medical School 

in Boston says that, for melanoma, 

the elusive stem cells are a minority 

producing high levels of a protein 

called ABCB5 – which helps pump 

drugs out of cells, allowing 

melanomas to resist chemotherapy. 

When transplanted into 

immunodeficient mice, ABCB5-

producing cells from human 

melanomas triggered many more 

tumours than those that did not 

produce the protein. The cells also 

divided to produce both ABCB5-

positive and ABCB5-negative 

cells – therefore meeting the 

definition of a stem cell, which both 

renews itself and can give rise 

to other cell types (Nature, DOI: 

10.1038/nature06489). ABCB5-

negative cells, however, divided 

more slowly, and only ever 

produced more of their own kind. 

What’s more, when the 

researchers treated their mice 

with an antibody against ABCB5, 

their tumours grew much more 

slowly, leading Frank to suggest 

“humanised” versions of the same 

antibody might prove to be an 

effective treatment for melanoma.

Rogue stem cells hold clue to slowing melanoma growth

LEGS come in all shapes and sizes – 

but it seems the stereotype of long 

legs being more desirable really 

does hold true. 

Taller people are generally 

perceived to be more attractive. 

However, Boguslaw Pawlowski and 

Piotr Sorokowski at the University 

of Wroclaw in Poland wanted to 

investigate whether relative leg 

lengths affected such perceptions.

They asked 218 male and female 

volunteers to rate the attractiveness of 

seven male and seven female images, 

altered so that they were the same 

height but with leg lengths that varied 

5, 10 and 15 per cent from the Polish 

national norm. The researchers also 

measured the volunteers’ proportions.

Regardless of their own build, the 

viewers preferred legs that were 5 per 

cent longer than average (marked red 

in diagram, below). Next best were 

normal-length legs, or ones that were 

10 per cent longer (marked blue).

“Long legs are signalling health,” 

says Pawlowski. He points out that 

  short legs  are associated with a 

higher risk of cardiovascular disease 

and type II diabetes in both sexes, 

and with higher triglyceride levels – 

linked to atherosclerosis, heart 

disease and strokes – and insulin 

resistance in men. Although his study 

was limited to Polish people, he 

suspects each culture would prefer 

leg length slightly longer than the 

community norm (Evolution and 

Human Behaviour, DOI: 10.1016/

j.evolhumbehav.2007.09.002). 

Previous studies have also 

suggested that men tend to prefer 

  hourglass-shaped women .

Longer legs stand 
out from the crowd

SQUIRRELS seem to realise that the 

trees have eyes. To protect their food 

from would-be thieves, the rodents 

put on a great show of “hiding” non-

existent nuts.

When squirrels have spare morsels 

they bury them, digging a separate 

hole for each tasty titbit. But up 

to 20 per cent of the time they are 

merely faking it, says Michael Steele 

of Wilkes University in Wilkes-Barre, 

Pennsylvania. The squirrels act as if 

they are thrusting something into the 

pit, and the deception even extends 

to covering the fake cache with soil 

and leaves (Animal Behaviour, DOI: 

10.1016/j.anbehav.2007.07.026). 

Squirrels show fake-cacheing 

behaviour when they are being 

watched, even by humans, so Steele 

recruited a group of undergraduates 

who did their best to see where the 

squirrels actually deposited their 

food. Fake burials increased after the 

squirrels saw team members raiding 

their caches, suggesting, Steele says, 

an understanding of the intention 

to steal. 

Lisa Leaver at the University of 

Exeter in the UK says it is tempting to 

speculate that squirrels indeed have 

such   a “theory of mind” , but that it is 

too early to tell. “They may just have 

learned through trial and error that 

certain behaviours protect their food 

from theft,” she says. 

They know they’re 
being watched
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Comment and analysis–

FOR the past century, the advice to the 

overweight and obese has remained 

remarkably consistent: consume 

fewer calories than you expend and 

you will lose weight. This prescription 

seems eminently reasonable. The only 

problem is that it doesn’t seem to work. 

Neither eating less nor moving more 

reverses the course of obesity in any 

but the rarest cases.

This contradiction has given 

us a catalogue of clinical literature 

almost mind-boggling in its internal 

inconsistency. “Dietary therapy 

remains the cornerstone of [obesity] 

treatment and the reduction of energy 

intake continues to be the basis of 

successful weight reduction programs,” 

observes    The Handbook of Obesity , a 

textbook edited by George Bray, Claude 

Bouchard and W. P. T. James, three of 

the most respected names in obesity 

research, and first published in 1998. 

It then goes on to acknowledge that 

the results of such therapy “are known 

to be poor and not long-lasting”. 

In truth, the very idea that 

such advice might benefit obese 

people borders on the nonsensical, 

presupposing as it does that they are 

either unconcerned about their weight, 

ignorant, or stubbornly unwilling to do 

anything about it. None of these notions 

has a shred of evidence to support it, 

yet health authorities still repeat their 

mantra: obesity is caused by overeating; 

eating less is the cure. Any attempt to 

argue otherwise is treated as quackery.

In any other discipline, the failure 

to demonstrate that a superficially 

obvious therapy actually works might 

persuade researchers to question the 

assumptions on which that therapy is 

based. Yet in obesity research, it is never 

the basic hypothesis that is questioned. 

Instead, the patient is blamed for a lack 

of moral fortitude. The existence of 

an obesity epidemic – and, indeed, a 

diabetes epidemic along with it – has 

not altered this situation. Rather, it has 

led researchers and health authorities 

to presume that entire nations have 

been ignoring their advice.

The institutionalised conviction 

that we get fat simply because we 

overeat is based on the kind of 

fallacious reasoning that would lead 

to a failing grade in a high-school logic 

class. The first law of thermodynamics 

tells us that energy is neither created 

nor destroyed, so the calories we 

consume must be either stored, 

expended or excreted. If we are 

getting fatter, we must be taking in 

more energy than we are giving out: 

we are overeating.

But this does not tell us which 

direction the arrow of causality is 

pointing. Do we get fat because we 

overeat, or is some regulatory or 

hormonal phenomenon driving us to 

fatten and in turn causing us to 

overeat? Saying that obesity is 

explained by overeating and/or 

sedentary behaviour is like saying that 

chronic fatigue syndrome is explained 

by a lack of energy. It sounds obvious; 

it tells us nothing. 

To understand why causality is 

crucial, take the analogy used by 

German and Austrian clinicians prior 

to the second world war when they 

discussed the causes of obesity, which 

they considered very obviously a 

hormonal and genetic disorder. When 

children go through growth spurts, 

they are likely to eat voraciously – to 

overeat. Indeed, they have to do this 

to fuel their growing bodies. They do 

not grow because they overeat; they 

overeat because they are growing. 

The growth is induced by hormones, 

specifically growth hormone. 

Just as you can starve a fat person 

and induce them to lose weight, you 

can starve a child and prevent them 

from growing. Neither implies that 

overeating was the root cause of their 

getting fat or growing bigger.

There is considerable evidence that 

the obesity epidemic is caused by a 

hormonal phenomenon, specifically 

by the consumption of refined 

carbohydrates, starches and sugars, 

all of which prompt (sooner or later) 

excessive insulin secretion. Insulin is 

the primary regulator of fat storage. 

When insulin levels are elevated, fat 

accumulates in our body tissue; when 

they fall, fat is released and we use it for 

fuel. By stimulating insulin secretion, 

carbohydrates make us fat; by driving 

us to accumulate fat, they increase 

hunger and decrease the energy we 

expend in metabolism and physical 

activity. In short, obesity is caused not 

by overeating or sedentary behaviour, 

but by hormonal malfunctioning 

triggered by the consumption of 

particular types of carbohydrate-

containing foods.

Obesity researchers, nutritionists 

and health authorities have refused 

to contemplate this scenario, partly 

because it would imply that diet-book 

doctors advocating carbohydrate-

restricted diets – Robert Atkins et 

al – were right all along. Instead, these 

alleged experts and guardians of our 

health have wasted a good part of a 

century on research based on a high-

school misconception, watching their 

compatriots grow ever fatter while 

blaming everyone but themselves. 

In the process, they have created a 

field of clinical medicine that functions 

more like a religion than a science. It is 

time to put science back in charge. ●

Gary Taubes is a journalist and author based 

in New York City. His book   The Diet Delusion  

is published this week by Vermilion

The great diet delusion

“They have created 
a field of clinical 
medicine that 
functions more 
like a religion 
than a science”

It’s time for nutrition researchers and health authorities to wake up to the fact 
that people do not get fat simply because they overeat, says Gary Taubes
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Letters–

Biofuel in question 

From David Pimentel, Cornell 

University; Tad Patzek, University 

of California, Berkeley; Florian 

Siegert, RSS GmbH; Mario 

Giampietro, Autonomous 

University of Barcelona; 

and Helmut Haberl, 

Klagenfurt University

You propose that the 

  Intergovernmental Panel on 

Climate Change  should now rule 

on whether biofuels are good or 

bad for the planet (  15 December 

2007, p 3 and  p 6 ).

However commendable the 

IPCC’s work has been in many 

other areas, we do not feel that its 

present structure ensures a 

sufficient breadth of relevant 

expertise and perspectives among 

those sharing writing authority 

so as to pronounce fairly and 

roundedly on this many-sided 

issue. We consider that notes in 

both the Third and Fourth 

Assessment Reports on biofuel 

crops for transport were markedly 

biased in their favour.

The Fourth Assessment Report 

(AR4) made tentative predictions 

of major emissions savings from 

biofuel expansion by 2030, but 

failed to warn that such “savings” 

could be negated by emissions 

from converting more land to 

monocultures. Additional 

environmental effects of such 

biofuel expansion plans, such as 

negative impacts on the resilience 

of an ecosystem, biodiversity or 

vital ecosystem services, were also 

not properly taken into account.

We suggest that a rigorous and 

fair scientific evaluation of the 

socioeconomic and ecological 

effects of biofuels should be 

undertaken before further biofuel 

incentives and large-scale 

investments are implemented 

without a proper scientific or 

indeed democratic basis. While 

we believe that IPCC procedures 

could, in principle, be appropriate 

to ensure a fair evaluation, the 

expertise that was available in 

drafting the AR4 mitigation 

report and the Summary for 

Policymakers was obviously not 

sufficient for that.

Ithaca, New York, US

From Jeremy Tomkinson,

  National Non-Food Crops Centre 

We welcome vigorous debate on 

the sustainability of biofuels 

globally, but to argue that they are 

“good” is overly simplistic and 

“bad” is equally unhelpful.

Biofuels should not be thought 

of as one technology. With the 

right feedstock and processing 

they do reduce greenhouse gas 

emissions and provide income for 

growers and processors. As well as 

improving vehicle fuel efficiency, 

they are the only available near 

to medium-term options for 

reducing vehicle exhaust 

emissions: these are technologies 

which provide greenhouse gas 

savings within the existing 

infrastructure right now.

Crucially, current technologies 

are reported to typically produce 

between 30 and 60 per cent less 

greenhouse gas emissions 

compared with diesel and petrol. 

Emerging technologies that use 

waste or lignocellulosic feedstocks 

significantly reduce the 

dependence on nitrogen-hungry 

food crops. These advanced 

biofuels can produce over 

90 per cent less greenhouse gas 

emissions than diesel or petrol.

York, UK

From Charles Forsberg

Like the conversion of coal or 

any other solid fuel to a liquid, 

making liquid fuel from biomass 

is energy-intensive. The 

quantities of liquid fuels 

produced and the carbon dioxide 

released per tonne of biomass 

depend on the energy source used 

in the biomass processing plant.

The US could produce about 

1.3 billion  tonnes of renewable 

biomass per year. Burning this 

would release about as much 

energy as burning 10 million 

barrels of diesel fuel per day . If 

converted to ethanol, the energy 

value is equal to about 5 million 

barrels of diesel fuel per day. The 

remainder of the energy is used in 

the liquid-conversion process.

If a nuclear reactor or other 

energy source provided that 

energy, the equivalent of over 

12 million barrels of diesel fuel 

per day could be produced. The 

potential for biomass liquids 

depends upon coupling biomass 

to nuclear or other greenhouse-

free energy sources.

Oak Ridge, Tennessee, US

From James Cannell

It would seem that a sensible line 

of research would be to try to 

extract useful fuel from seaweed.

Hove, Sussex, UK

Chimps’ feats

From Ben Gutteridge

Rowan Hooper reports that young 

chimps beat humans at a memory 

game involving remembering the 

location of numerals on a screen 

(  8 December 2007, p 10 ). Kate 

Douglas describes an experiment 

in which people are shown images 

with a subliminal message, and 

how subconscious processes 

filter what reaches awareness 

(  1 December 2007, p 42 ).

Could the chimps be acting on 

a subconscious level, whereas the 

human subjects were constrained 

by their consciousness? Some 

children also seem to have a 

“photographic memory” that 

disappears with age. Could this 

be due to their developing 

consciousness?

Barcelona, Spain

From Nicholas Humphrey 
People’s memories may be short 

compared to those of 

chimpanzees, but scientists’ 

memories of earlier research are 

clearly short too. The first 

researcher to demonstrate picture 

memory in chimpanzees was 

Donald Farrer, who in 1967 

published the results of a clever 

experiment in which he showed 

that chimpanzees prefer to 

remember the details of a long 

series of picture symbols – 

an impossibly difficult task for 

people – rather than learn the 

simple rule that connects them – 

an easy task for people.

I discussed this research 

and its implication that 

humans might have had to lose 

picture memory before they 

could acquire concepts and 

language in my 2002 paper 

“The deformed transformed” 

(  http://Deformed.notlong.com ).

London, UK

Genius was taught

From Sebastian Hayes

Although it is true that Srinivasa 

Ramanujan was largely self-

taught and worked for a while as 

a poor clerk (  15 December 2007, 

p 46 ), this may give quite the 

wrong picture – of a 19th-century-

style genius unrecognised by 

hostile society. Ramanujan had 

quite a good schooling and it was 

largely his own fault that he didn’t 

make it to university, since he 

couldn’t be bothered with any 

subject except mathematics.

His lower-middle-class parents 

allowed their weird son to do 

nothing except pursue 

mathematics on his own for five 

years, but he was in contact with 

the best mathematicians in India. 

When he got a job his immediate 

superior, Narayana Iyer, was an 

excellent mathematician.

18 | NewScientist | 19 January 2008  www.newscientist.com

080119_R_Letters.indd   18080119_R_Letters.indd   18 11/1/08   4:17:46 pm11/1/08   4:17:46 pm



A European educational 

system would probably have 

done for Ramanujan who, like 

Leonhard Euler and Gottfried 

Leibnitz, was essentially an 

explorer of mathematics, not the 

kind of architect or builder 

current teaching demands.

Shaftesbury, Dorset, UK

What free trade?

From Paul Leek

You are misled by the political 

rhetoric about free trade and 

protectionism when you discuss 

pressure on Africa to “open its 

markets” (  15 December 2007, p 3 ). 

Developed countries have always 

had protective tariffs and internal 

subsidies, and still do. In the EU 

and US the farm lobbies 

perpetuate enormous subsidies.

It’s the usual cry: do as we say 

and not as we do! At last some 

countries – Malawi and Argentina 

are good examples – are looking 

behind the curtain, finding that 

the magician has no scruples, 

and acting to protect their 

own industries. 

Oxford, Connecticut, US

Stove concern

From Dorothy Robinson, 

  Armidale Air Quality Group 

The last thing anyone concerned 

about health or the environment 

should do is install a domestic 

wood stove (  17 November 2007, 

p 34 ). Woodsmoke contains many 

similar chemicals to tobacco 

smoke and is associated with 

similar health problems – heart 

and lung diseases, mouth, throat 

and lung cancer, middle ear 

infections, cot deaths, genetic 

damage in babies and 

exacerbation of asthma.

Current levels of fine particle, 

or PM2.5, air pollution cause an 

estimated 32,000 premature 

deaths per year in the UK. Traffic 

is a major source – the average 

passenger car emits about 150 

grams of PM2.5s a year. But a 

typical “low emission” wood stove 

produces more than 100 cars do 

(see   www.3sc.net/airqual ).

Armidale, New South Wales, 

Australia

From Sam Langridge

 John Stolarski’s concern about 

harmful emissions from wood-

burning stoves (  8 December 2007, 

p 24 ) illustrates a fundamental 

difficulty with the promotion of 

renewable-wood-fired combustors 

in the UK. The technology is often 

seen as dirty – a perception which 

seems to derive at least partly 

from the garden bonfire.

In fact, wood is significantly 

cleaner-burning than most coal 

and oil, and usually contains 

negligible quantities of sulphur 

and chlorine. It emits no sulphur 

dioxide. It burns much more 

slowly than gas or vaporised oil, 

making combustion more 

controllable and complete. 

Any dioxins, for example, are 

destroyed when exposed to 

temperatures of 920 °C for 

2 seconds.

In the UK, the University of 

Sussex and the nearby   Woodland 

Enterprise Centre  have set up a 

small woodchip-fired boiler 

which produces less nitrogen 

oxides during normal running 

than the adjacent gas boiler, 

and negligible emissions of 

particulates and polyaromatic 

hydrocarbons.

Buxted, East Sussex, UK

Chalk River shuffle

From Noah Mazereeuw

You reported the Canadian 

Nuclear Safety Commission’s 

order that the Chalk River nuclear 

reactor be closed for maintenance 

(  15 December 2007, p 5 ), but forgot 

to mention that the prime 

minister Stephen Harper ignored 

it, insisting that the radioisotopes 

were more important than the 

safety of the nuclear plant.

On top of ignoring the 

regulatory body’s order, the 

government removed the CNSC’s 

legal counsel so they would be 

unable to dispute the reopening.

Vancouver, British Columbia, 

Canada

The editor writes:

● There were several 

developments after we went to 

press. On 11 December 2007, the 

Canadian House of Commons 

passed emergency legislation 

authorising the restarting of the 

reactor for 120 days: it was 

restarted on 16 December. On 

14 December the prime minister 

announced that he had accepted 

the resignation of Atomic Energy 

Canada chairman Michael Burns.

Watching over you… 

From Dan Roberts

I wonder whether it is a 

coincidence that two consecutive 

articles on 15 December 2007 

could hold the key to solving 

many more crimes in the UK. 

Indoor satnav (  p 24 ) surely has 

the potential to make the UK 

government’s identity card 

scheme redundant. Merely 

replace the chip proposed for 

identity cards with the Indoor 

Positioning System (IPS).

With the appropriate 

investment in transceivers on 

public buildings and roadsides 

the police could track every 

individual in the country.

The sheer volume of data 

produced by such a system would 

at one time have been a problem: 

but you report staggering leaps 

in computer technology that 

make handling 10 terabytes 

straightforward (  p 26 ). 

This will mean that tracking of 

individuals in real time becomes 

feasible – as does tracking where 

they were in the past.

The benefits of being able to 

determine exactly who was 

present at any crime scene are 

clearly enormous. It will be easy 

to enforce carrying the new IPS, 

since detectors will immediately 

spot any person who is not 

transmitting. Failure to wear the 

IPS on three successive occasions 

could result in a ban on leaving 

the house for a period.

Recently, I was banging on a 

ticket machine to try to recover 

my money and a voice over a 

loudspeaker announced: “This is 

the police – you in the leather 

coat, we are watching you.” 

In future they would be able to 

admonish me by name.

Whitley Bay, Tyne and Wear, UK

Having what for lunch?

From Carol Stevenson

I like the idea of using your 

cameraphone to translate menus 

in foreign countries (  15 December 

2007, p 21 ). After all, once you 

know that you are being offered 

ladies’ thighs, or ants climbing 

trees, or toad-in-the-hole, or lion’s 

head hotpot, or cats’ tongues, of 

course you know exactly what 

you will be eating!

London, UK

For the record

● Though Pennsylvania has a history 

of iron mines, the iron that might 

be used to power fuel cells comes 

from coal mines’ effluent (  8 December 

2007, p 27 ).

● Increases in school enrolment 

and attendance worldwide reduced 

the number of primary-school-age 

children out of school by around 

20 per cent between 2002 and 2006; 

we said wrongly that the number 

in school increased that much 

(  15 December 2007, p 5 ).
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Technology

EVER had a party ruined by your 

host’s atrocious taste in music? 

Then you may welcome a system 

that polls the preferences of 

party-goers and plays the tracks 

they are most likely to enjoy.

Developed by researchers 

at the University of California, 

Los Angeles, the Smart Party 

system relies on guests carrying 

Wi-Fi-enabled, music-playing 

cellphones. Each phone beams 

out its user’s playlists to a nearby 

computer, which takes a poll of 

titles and works out the most 

popular genre. Connected to an 

amp and speakers, the computer 

plays music it has saved in that 

genre. The computer can also 

copy music from the phones.

At UCLA, Smart Party is already 

selecting music for groups of 

people in three different offices. 

It was presented last week at a 

conference in Las Vegas, Nevada.

SMART devices that turn down 

household heating when energy 

prices peak can not only save 

consumers money but also ease 

the load on power grids.

The US Department of Energy 

equipped 112 homes in Washington 

state with meters that receive 

updates on energy prices every 

5 minutes. Homeowners also 

received devices which could 

3
thousand billion dollars. 
The compensation from 
the US federal government 
demanded by a hurricane 
Katrina victim

Take heart: rat hearts have been 

stripped of their cells, repopulated with 

fresh ones and made to beat again.

You can engineer heart tissue in the 

lab but building the whole organ from 

scratch is tricky, due to its   intricate 

network of blood vessels  (New Scientist, 

1 February 2007, p 24). Whole organs 

have therefore been limited to thin 

structures, including   bladders  and skin.

Doris Taylor at the University of 

Minnesota in Minneapolis and 

colleagues “decellularised” rat hearts 

by adding chemicals that break up cells, 

leaving behind just the connective 

tissue, which contains none of the 

molecules that could trigger an immune 

response. These scaffolds still have the 

heart’s complex 3D shape, including 

space for all the blood vessels. 

The team seeded the scaffolds with 

blood vessel and heart muscle cells from 

newborn rats by flowing them through 

the scaffold in a soup of nutrients.  The 

seed cells migrated through the 

structure and grew into muscle and 

blood vessels. The team also applied 

small electrical jolts to trigger beating. 

Within four days, the tissue had started 

to contract, and within eight days the 

new heart was pumping with 2 per cent 

of the efficiency of an adult rat’s heart 

(Nature Medicine, DOI: 10.1038/nm1684).

“It’s really ingenious,” says Julia 

Polak of Imperial College London’s Tissue 

Engineering Centre. She says that seeding 

could be done with a recipient’s own 

cells, avoiding the immune response 

that complicates organ transplants. 

“It can be applied to any organ taken 

from cadavers – that opens up new 

possibilities for saving lives,” she adds. 

RAT HEART ‘LIVES’ AGAIN

regulate their heating systems. 

They programmed in an ideal 

temperature and how many 

degrees they were willing to 

have it vary in response to a 

price change. The system – 

called   GridWise  – combined this 

information with thermostat and 

price readings and switched the 

heating off and on in response. 

GridWise saved households 

10 per cent on electricity bills over 

the course of a year and reduced 

peak demand on the energy grid 

by up to 15 per cent. 

Supermarket shelves coated in foam could sense when they need restocking. 

Researchers at the Swiss Federal Institute of Technology in Zurich formed the coating 

by sandwiching a non-conducting foam between two layers of paint containing 

silver (Applied Physics Letters, DOI: 10.1063/1.2830815). When an item is lifted from 

a shelf, the foam expands, changing the capacitance of the coating. 

Advertisers now have a fresh way to capture consumers’ attention: turn billboards 

into gesture-controlled video games.   Reactrix  of Redwood City, California, has built an 

infrared camera system that sits on top of a giant LCD screen. It monitors the motion 

of passers-by up to 5 metres away, allowing them to play boxing and volleyball 

games with on-screen characters. The screens will appear this year in 150 Hilton hotels.

GIZMO

6170 tonnes

Total amount of metal
in Japan as a percentage
of global natural reserves

54,400 tonnes

GOLD

16%
23%

61%

SILVER INDIUM

1540 tonnes

WORLD’S LARGEST ‘URBAN MINE’

Electronic appliances in Japan contain enough 

of some metals to rival global natural deposits 

French local politician Arash Derambarsh, who gained iconic status when he said he was “President of Facebook”. He promised to petition website members 

and promote the French language if elected as councillor. In fact Derambarsh has no formal connection with Facebook (The Times, London, 12 January)

“No one on the internet is as powerful as me”

–Why not a human heart next?–
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Smart heating 

fits the bill
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Technology

IMAGINE if you could get inside 

the mind of an animal, share 

its perceptions and see exactly 

how it responds to other animals 

and its environment. It’s a tall 

order, but now we can do the 

next best thing: accompany 

animals unnoticed as they go 

about their lives. 

Video cameras can now be 

made small enough to be mounted 

on animals unobtrusively, 

while even tiny memory cards 

have enough capacity to record 

hours of footage as the animals 

roam. In the past, animal-borne 

video and environmental data 

collection systems – better 

known as   “critter cams”  – could 

only be fitted to large marine 

mammals whose mass, coupled 

with the buoyancy of the water, 

allows them to lug around heavy, 

bulky camera units without 

serious impediment.

More recently, terrestrial 

animals have been equipped 

with video cameras, but except 

for large ones such as lions and 

grizzly bears, the limit on the 

size of the batteries and memory 

devices that they can carry has 

made the footage too brief to 

be helpful for scientists, and its 

use has largely been restricted 

to   nature documentaries . The 

cameras were also bulky enough 

to affect the animals’ behaviour, 

reducing the usefulness of the 

footage even further. 

Now that is changing. 

Advances in cameras, recording 

units and, especially, batteries 

mean video units can now be 

attached to much smaller 

animals, including deer and even 

birds, without changing their 

behaviour but with enough 

memory and power to chug away 

for long periods of time. “We can 

study so many more species,” 

says Joshua Millspaugh, a wildlife 

ecologist at the University of 

Missouri in Columbia. “We can 

almost walk alongside the animal 

and see what it’s seeing and hear 

what it’s hearing. It’s starting to 

get really exciting.”

The plummeting cost of 

cameras and memory also means 

that many more animals can be 

equipped, allowing enough data 

to be collected for statistical 

analysis. “The attitude toward 

this technology has changed,” 

says Christian Rutz, a behavioural 

ecologist at the University of 

Oxford, who predicts that costs 

could fall much further, from 

thousands of pounds today to 

below £200 in the near future. 

“Many people now perceive it as 

a valid tool for doing quantitative, 

Video cameras attached to animals’ bodies can now 
gather the information needed to do scientific studies 

hypothesis-driven research, 

rather than one-offs that might 

produce a snippet of footage for 

National Geographic.”

Critter cams are already 

yielding results. Researchers 

studying the spread of chronic 

wasting disease – the deer version 

of mad cow disease – need to 

know how frequently deer 

interact in the wild. This is nearly 

impossible to quantify by trailing 

deer through the forest, or sitting 

in a hideout hoping to catch a 

glimpse of an interaction. So 

Millspaugh and his colleagues 

have fitted deer with tiny cameras  

on their antlers, wired to a body-

mounted battery pack. Their 

  preliminary footage  shows that 

that deer interact with each 

other – and thus have a chance to 

pass on the disease – more often 

than previously thought. 

The technology to do such 

studies is getting smaller all the 

time, allowing increasingly 

sophisticated analyses. In 2006, 

Rutz and his colleagues mounted 

14-gram video backpacks onto the 

tail feathers of New Caledonian 

crows. These birds are famous for 

their abilities to use tools,  and 

Rutz’s team wanted to see how 

they   use tools in the wild  (Science, 

DOI: 10.1126/science.1146788). To 

keep the camera unit as light as 

possible – crucial if the crows are 

to behave naturally – Rutz’s team 

did not include a way to store the 

video data on board the device. 

Instead, they built in a radio 

transmitter, which is much 

lighter than a memory system, 

to broadcast the video stream to 

a nearby antenna. The difficulty 

is the transmitters generally need 

a clear signal path to an antenna 

no more than a few hundred 

metres away, limiting the amount 

of information they can send.

To get around this, the team 

plans to take advantage of new 

computer processors and solid-

state memory cards, which are 

small enough to make data 

storage practical. They are 

working to incorporate these into 

  “crow cams”  that will store several 

hours of video. By attaching a 

homing beacon to the crows, 

the researchers can then track 

them and retrieve the footage. 

Currently these weigh 17 grams, 

but they need to get them down 

to 14 grams to be sure that the 

device won’t hinder the crows. 

“Shaving off these extra few 

grams is quite difficult,” says Rutz. 

He hopes that the ability to 

gather much more footage will 

allow them to measure the extent 

to which the tools help the birds 

to forage and to see whether 

individual crows prefer different 

kinds of tools. It is known that the 

crows use a range of different 

tools, but not whether individuals 

have preferences. 

It’s not just about the size of 

the equipment, though: Rutz and 

“We can almost walk alongside the animal 

and see what it’s seeing, hear what it hears”

Animal reality 
as it’s never 
been seen before

BOB HOLMES
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animal did where and when, and 

whether it did it in the presence 

of others. There is huge research 

potential by marrying these two 

technologies. We think that is the 

future of wildlife research.” 

Tim Guilford, an animal 

behaviourist also at the 

University of Oxford, may help 

take us into that future. For 

several years, he has been fitting 

trained homing pigeons with GPS 

recorders. By correlating the 

pigeons’ changes in course with 

landscape features, he has gained 

insights into which features guide 

the birds as they navigate. Now, 

with colleague Matthew Collett, 

he plans to combine this GPS 

record with a head-mounted 

video camera so they can see what 

the pigeon sees as it flies along 

and makes decisions. Pigeons 

move their heads a lot when 

flying, so video from a head-

mounted camera provides a good 

guess at what they are looking at.

Glimpses of animals in action 

also allow new insights into how 

their bodies work. Earlier this year 

Graham Taylor and his colleagues 

at the University of Oxford 

mounted a video camera aboard 

a trained steppe eagle to record 

close-up images of how its wing 

feathers moved during flight to 

change the aerodynamics. During 

landing, they found, the feathers 

on the underside of the wing 

act much like the flap on the 

leading edge of an aircraft wing, 

increasing lift so that the bird 

can slow down (The Journal of 

Experimental Biology, DOI: 

10.1242/jeb.011197). 

Hopefully, the scientific pay-

offs of animal reality TV will be 

accompanied by another, less 

tangible benefit. “People seem 

to gravitate to images from the 

perspective of an animal as it goes 

about its life,” says Greg Marshall, 

a conservation biologist with the 

National Geographic Society in 

Washington DC. “They seem to 

understand the challenges the 

animals face in a more direct and 

visceral way.” If that translates 

into a stronger commitment to 

conservation, critter cams could 

turn out to be a very good thing.  ●

others are also using some tricks 

to maximise the amount of useful 

information they can record. For 

example, the new crow video 

packs  will incorporate a delay 

circuit so that the video doesn’t 

start rolling for 24 to 48 hours. 

That way, says Rutz’s collaborator 

Lucas Bluff, “the footage we get 

is of a crow doing what a crow 

does, not a bird that has just been 

captured”. Similarly, Millspaugh’s 

deer cams carry motion sensors 

that turn the camera off when the 

animal has not moved for a while, 

sparing him hours of worthless 

video from a sleeping deer. 

An animal’s-eye view can also 

be combined with other data – 

such as GPS location trackers – to 

identify what stimuli might have 

led to certain behaviours, such 

as a change in direction. “You get 

the video in a spatial context,” 

says Rutz. “You see what an 
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MAKING SENSE OF IT ALL
As memory storage and battery power 

increase, the data stream gathered by 

animal cameras will swell from a trickle 

to a torrent. Researchers will have to 

find some way to make sense of it all.

To do this at present, a researcher 

must painstakingly analyse each frame 

individually. That will become impossible 

as the quantity of information rises. “We 

joke that there aren’t enough graduate 

students on the planet,” says Greg 

Marshall, a conservation biologist with 

the National Geographic Society in 

Washington DC. Some form of automated 

analysis is on everyone’s wish list. 

The Monterey Bay Aquarium 

Research Institute (MBARI) in California 

monitors marine life at the bottom of 

the ocean using video cameras mounted 

on remote control vehicles. It has 

developed an automated   event detector  

that uses colour, shape and persistence 

through several frames to flag moments 

when “something interesting” appears. 

The system can distinguish likely 

looking shapes from random flotsam, 

but it still needs a person to verify that 

the object is an animal and identify it, 

says Judith Connor of MBARI.

Many technologists are working on 

the similar problem of automatically 

scanning footage from security cameras. 

But sifting through sequences recorded 

by a stationary camera is easier than 

making sense of the jumble of plants 

and animals in an ever-changing forest 

scene. Even DARPA – the US Defense 

Department’s research wing – is finding 

it difficult. It presented its efforts 

into automated video analysis at a 

  symposium  organised by the National 

Geographic Society in October.  “We all 

left feeling that it is going to be our 

biggest challenge,” says Marshall.
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Technology

YOU might think it a bad idea for 

trainee surgeons to play games 

on the Nintendo Wii when they 

should be studying, but it might 

be time well spent.

Kanav Kohel and Marshall 

Smith of the Banner Good 

Samaritan Medical Center in 

Phoenix, Arizona, have found 

that surgical residents performed 

better during simulated surgery 

after playing on the Wii console. 

They put it down to the console’s 

novel “Wiimote” control system, 

which allows players to direct 

on-screen action using a wireless 

wand that detects acceleration in 

three dimensions. 

Now they are designing Wii 

software that will accurately 

simulate surgical procedures. 

A training platform based on 

the console, which costs about 

$250, might be more practical 

for trainee surgeons in the 

developing world than   traditional 

virtual training tools , which 

typically cost a great deal more.

To test how the Wii affected 

surgical skill, the researchers 

asked eight trainee doctors to play 

it for an hour before performing 

a virtual surgery. They used a 

training tool called   ProMIS , 

which simulates a patient’s body 

in 3D and tracks the surgeon’s 

movements as they operate. 

They fed the movements to 

an algorithm which scores the 

virtual surgeon on a range of 

factors. Wii-playing residents 

scored 48 per cent higher on tool 

control and performance than 

those without the Wii warm-up. 

The researchers also found 

that some games – such as 

Marble Mania, in which the player 

guides a marble through a 3D 

obstacle course – are especially 

good because players must use 

small, precise movements of the 

wand. Others were less useful: 

“You don’t gain a lot from 

swinging an imaginary tennis 

racket,” says Kohel. 

James Rosser of Beth Israel 

Medical Center in New York had 

previously found that video 

games can also   improve the 

dexterity crucial to performing 

minimally invasive surgery  

(Archives of Surgery, vol 142, p 18).

Kohel and Smith believe 

that the Wii has the most 

potential of any console for 

trainee surgeons. They tracked 

participants’ hand motions while 

playing Wii and during virtual 

surgery, using a   glove laced with 

motion sensors , and showed that 

the motions were very similar. 

“The whole point about surgery 

is to execute small, finely 

controlled movements with your 

hands, and that is exactly what 

you get playing Wii,” says Kohel.

He and Smith will be 

presenting their results at the 

Medicine Meets Virtual Reality 

conference in California later this 

month.  Michael Reilly  ●

A MOLECULE that can bite a uranium-

containing ion between its “jaws”, 

not unlike the munching blob in the 

arcade game Pac-Man, could one day 

lead to a way to clean up groundwater 

contaminated with the toxic metal.

Uranium leaches into groundwater 

from natural deposits of its ore, 

depleted uranium munitions, nuclear 

facilities and the detritus of uranium 

mining. It occurs most commonly in 

the form of the water-soluble   uranyl 

ion, (UO2)
2+ 

, in which the uranium 

atom is linked to two oxygen atoms 

by double bonds. 

Allowing uranyl to react with 

other substances might change it 

into a different, insoluble ion, which 

can be filtered out. But uranium 

binds very strongly to oxygen – the 

bonds it forms are 25 per cent 

stronger than typical double bonds – 

making the uranyl ion very stable. 

Combined with its solubility, this 

makes dissolved uranium virtually 

impossible to remove. “It’s a very 

problematic, persistent groundwater 

contaminant,” says Polly Arnold, a 

chemist at the University of 

Edinburgh in the UK.

Enter Pac-Man. Arnold’s colleague 

Jason Love had been working on 

improving catalysts for fuel cells using 

a large organic molecule known as a 

macrocycle, that can fold in half to 

form a structure like a pair of jaws. 

Love was using the gap between the 

jaws to capture a pair of cobalt ions, 

but Arnold realised that it was just 

the right size and shape to clamp 

onto a uranyl ion.

When she added the macrocycle 

molecule to uranyl ions dissolved in 

an organic solvent, she found that it 

did indeed capture them in its jaws, 

leaving one oxygen atom protruding 

(Nature, DOI: 10.1038/nature06467). 

What’s more, a silicon-containing 

compound present in the mixture 

was able to bind to the protruding 

oxygen atom, a sign that the uranyl’s 

stubborn bonds with oxygen had 

been weakened. 

Because the macrocycle is 

destroyed by water, it cannot be 

used to remove uranium from 

contaminated water. But Arnold’s 

team believe their demonstration 

that the uranyl ion’s bonds can be 

loosened is a first step towards 

finding substances that can transform 

dissolved uranyl into an insoluble 

compound. “No one has been able to 

do this before,” says Arnold. “We 

might now be able to develop and 

suggest new pathways for uranium 

removal from solution.”

Robin Taylor, a chemist with Nexia 

Solutions, the research arm of British 

Nuclear Fuels in Sellafield in the UK, 

says the findings will help develop 

better processes for uranium 

sequestration and boost confidence 

in dealing with nuclear materials 

and waste. 

The Edinburgh team will also 

investigate how some bacteria and 

iron-rich minerals reduce uranium 

concentrations naturally in 

contaminated water, and whether 

the macrocycle is able to loosen 

bonds in ions containing plutonium. 

Paul Marks  ●

“The small, finely controlled 
movements of surgery are 
what you get playing Wii” 

Strike with surgical precision 

A Wii warm-up 
hones budding 
surgical skills

Taking a bite 
out of uranium 
contaminants
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 ●
IT IS the invisible presence that 

governs your world. Trailing you like 

an unshakeable shadow, it ticks and 

tocks incessantly – you can sense it in your 

heartbeat, in the rising and setting of the sun, 

and in your daily rush to make meetings, 

trains and deadlines. It brings order to our 

lives through the categories of past, present 

and future.

Time. There is nothing with which we are 

so familiar, and yet when you try to pin it 

down you find only a relentless torrent of 

questions. Why does time appear to flow? 

What makes it different from space? What 

exactly is it? It’s enough to make your neurons 

misfire, then sizzle and smoke.

You are not alone. Physicists have long 

struggled to understand what time really is. 

In fact, they are not even sure it exists at all. In 

their quest for deeper theories of the universe, 

some researchers increasingly suspect that 

time is not a fundamental feature of nature, 

but rather an artefact of our perception. One 

group has recently found a way to do quantum 

physics without invoking time, which could 

help pave a path to a time-free “theory of 

everything”. If correct, the approach suggests 

that time really is an illusion, and that we may 

need to rethink how the universe at large works.

For decades, physicists have been searching 

for a quantum theory of gravity to reconcile M
O
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Einstein’s general relativity, which describes 

gravity at the largest scales, with quantum 

mechanics, which describes the behaviour of 

particles at the tiniest scales. One reason it has 

been so difficult to merge the two is that they 

are built on incompatible views of time. “I am 

more and more convinced that the problem 

of time is key both to quantum gravity and to 

issues in cosmology,” says Lee Smolin of the 

Perimeter Institute for Theoretical Physics in 

Waterloo, Ontario, Canada.

According to general relativity, time is 

stitched together with space to form four-

dimensional space-time. The passage of time 

is not absolute – no cosmic clock ticks away 

the hours of the universe. Instead, time differs 

from one frame of reference to the next, and 

what one observer experiences as time, 

another might experience as a mixture of 

time and space. For Einstein, time is a useful 

measure of things, but nothing special.

Not so in quantum mechanics. Here 

time plays a key role, keeping track of the 

ever-changing probabilities that define the 

microworld, which are encoded in the “wave 

function” of a quantum system. The clock by 

which the wave function evolves records not 

just the time in one particular frame of 

reference, but the absolute time that Einstein 

worked so hard to topple. So while relativity 

treats space and time as a whole, quantum 

mechanics splits the universe into two parts: 

the quantum system being observed and the 

classical world outside. In this fractured 

universe, a clock always remains outside the 

quantum system (see Diagram, page 29).

Something has to give. The fact that the 

universe has no outside, by definition, 

suggests that quantum mechanics will be the 

one to surrender – and to many, this suggests 

that time is not fundamental. In the 1990s, for 

instance, physicist Julian Barbour proposed 

that time must not exist in a quantum theory 

of the universe. All the same, physicists are 

loath to throw out quantum theory, as it has 

proven capable of extraordinarily accurate 

predictions. What they need is a way to do 

quantum mechanics in the absence of time.

Single quantum event 
Carlo Rovelli, a physicist at the University of 

Marseille in France, has found just that. In the 

past year, he and his colleagues have worked 

out a method to compress multiple quantum 

events in time into a single event that can be 

described without reference to time (  Physical 

Review D, vol 75, p 084003 ). 

It is an intriguing achievement. While 

Rovelli’s approach to dealing with time is one 

of many, and researchers working on other 

models of quantum gravity may have 

The greatest trick the universe ever 
pulled was convincing us that time exists. 
Amanda Gefter breaks the spell

Cover story |
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explanation for it. For more than a decade, 

he has been working with mathematician 

Alain Connes at the College de France in Paris 

to understand how a time-free reality could 

give rise to the appearance of time. Their idea, 

called the thermal time hypothesis, suggests 

that time emerges as a statistical effect, in 

the same way that temperature emerges 

from averaging the behaviour of large groups 

of molecules (  Classical and Quantum Gravity, 

vol 11, p 2899 ).

Imagine gas in a box. In principle we could 

keep track of the position and momentum of 

each molecule at every instant and have total 

knowledge of the microscopic state of our 

surroundings. In this scenario, no such thing 

as temperature exists; instead we have an 

ever-changing arrangement of molecules. 

Keeping track of all that information is not 

feasible in practice, but we can average the 

microscopic behaviour to derive a 

macroscopic description. We condense all 

the information about the momenta of the 

molecules into a single measure, an average 

that we call temperature.

According to Connes and Rovelli, the same 

applies to the universe at large. There are 

many more constituents to keep track of: not 

only do we have particles of matter to deal 

with, we also have space itself and therefore 

gravity. When we average over this vast 

microscopic arrangement, the macroscopic 

feature that emerges is not temperature, but 

time. “It is not reality that has a time flow, it is 

our very approximate knowledge of reality 

that has a time flow,” says Rovelli. “Time is the 

effect of our ignorance.”

Cosmic time
It all sounds good on paper, but is there any 

evidence that the idea might be correct? 

Rovelli and Connes have tested their 

hypothesis with simple models. They started 

by looking at the cosmic microwave 

background (CMB) radiation that pervades the 

sky – relic heat from the big bang. The CMB is 

an example of a statistical state: averaging 

over the finer details, we can say that the 

device as part of the quantum system.

In that case we no longer ask, “What is the 

probability of the electron having spin up and 

then spin down?” Instead we ask, “What is the 

probability of finding the measuring devices 

in a particular state?” The measuring device 

no longer collapses the wave function; rather, 

the electron and the measuring device 

together are described by a single wave 

function, and a single measurement of the 

entire set-up causes the collapse .

Where has time gone? Evolution in time is 

transformed into correlations between things 

that can be observed in space. “To give an 

analogy,” Rovelli says, “I can tell you that I 

drove from Boston to Los Angeles but I passed 

first through Chicago and later through 

Denver. Here I am specifying things in time. 

But I could also tell you that I drove from 

Boston to LA along the road marked in this 

map. So I can replace the information about 

which measurement happens first in time 

with the detailed information about how the 

observables are correlated.”

That Rovelli’s approach yields the correct 

probabilities in quantum mechanics seems 

to justify his intuition that the dynamics of 

the universe can be described as a network of 

correlations, rather than as an evolution in 

time. “Rovelli’s work makes the timeless 

view more believable and more in line with 

standard physics,” says Dean Rickles, a 

philosopher of physics at the University of 

Sydney in Australia.

With quantum mechanics rewritten in time-

free form, combining it with general relativity 

seems less daunting, and a universe in which 

time is fundamental seems less likely. But if 

time doesn’t exist, why do we experience it 

so relentlessly? Is it all an illusion?

Yes, says Rovelli, but there is a physical 

different opinions on the matter, nearly every 

physicist agrees that time is a key obstacle to 

finding an ultimate theory. Rovelli’s approach 

seems tantalisingly close to surmounting that 

obstacle. His model builds upon research into 

generalising quantum mechanics by physicist 

James Hartle at the University of California, 

Santa Barbara, as well as Rovelli’s earlier work 

on quantum systems. 

The idea is this: suppose we have an 

electron characterised by its spin, a quantum 

property that is either “up” or “down” along 

whatever direction you measure it. Say we 

want to make two consecutive measurements 

of its spin, one in the x direction and one in 

the y direction. The probabilities of the 

possible outcomes will depend on the order 

in which we perform the measurements. 

That’s because a measurement “collapses” 

the indeterminate state of the wave function, 

forcing it to commit to a given state; the first 

measurement will change the particle’s state, 

which affects the second measurement. 

 Say we already know the electron’s spin is 

up in the x direction. If we now measure the 

spin in the x direction followed by the y 

direction, we will find the x spin up – no 

change there – and then there is a 50:50 

chance of finding the y spin up or down. But 

if we begin by measuring the y spin, that 

disturbs the spin in the x direction, creating 

a 50-50 probability for both measurements.

If reordering the measurements in time 

changes the probabilities, how can we 

calculate the probabilities of sequences of 

events without reference to time? The trick, 

says Rovelli, is to adjust the boundary between 

the quantum system under observation and 

the classical outside world where measuring 

devices are considered to reside. By shifting 

the boundary, we can include the measuring 
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radiation is practically uniform and has a 

temperature of just under 3 kelvin. Rovelli 

and Connes used this as a model for the 

statistical state of the universe, tossing in 

other information such as the radius of the 

observable universe, and looked to see what 

apparent time flow that would generate .

What they got was a sequence of states 

describing a small universe expanding in 

exactly the manner described by standard 

cosmological equations – matching what 

physicists refer to as cosmic time. “I was 

amazed,” says Rovelli. “Connes was as well. 

He had independently thought about the 

same idea, and was very surprised to see it 

worked in a simple calculation.” 

To truly apply the thermal time hypothesis 

to the universe, however, physicists need a 

theory of quantum gravity. All the same, the 

fact that a simple model like that of the CMB 

produced realistic results is promising. “One 

of the traditional difficulties of quantum 

gravity was how to make sense of a theory in 

which the time variable had disappeared,” 

Rovelli says. “Here we begin to see that a 

theory without a time variable can not only 

still make sense, but can in fact describe a 

world like the one we see around us.”

What’s more, the thermal time hypothesis 

gives another interesting result. If time is an 

artefact of our statistical description of the 

world, then a different description should lead 

to a different flow of time. There is a clear case 

in which this happens: in the presence of an 

event horizon.

When an observer accelerates, he creates 

an event horizon, a boundary that partitions 

off a region of the universe from which light 

can never reach him so long as he continues 

to accelerate. This observer will describe a 

different statistical state of the universe from 

an observer who doesn’t have a horizon, since 

he is missing information that lies beyond his 

event horizon. The flow of time he perceives 

should therefore be different.

Using general relativity, however, there is 

another way to describe his experience of 

time. The geometry of the space-time he 

inhabits, as defined by his horizon, determines 

a so-called proper time – the time flow he 

would register if he were carrying a clock. 

The thermal time hypothesis predicts that the 

ratio of the observer’s proper time to his 

statistical time – the time flow that emerges 

from Connes and Rovelli’s ideas –  is the 

temperature he measures around him.

It so happens that every event horizon has 

an associated temperature . The best known 

case is that of a black hole event horizon, 

whose temperature is that of the “Hawking 

radiation” it emits. Likewise, an accelerating 

observer measures a temperature associated 

with something known as Unruh radiation. 

The temperature Rovelli and Connes derived 

matches the Unruh temperature and the 

Hawking temperature for a black hole, further 

boosting their hypothesis.

“The thermal time hypothesis is a very 

beautiful idea,” says Pierre Martinetti, 

a physicist at the University of Rome in Italy. 

“But I believe its implementation is still 

limited. For the moment one has just checked 

that this hypothesis was not contradictory 

when a notion of time was already available. 

But it has not been used in quantum gravity.”

Others also urge caution in interpreting 

what it all means for the nature of time. “It is 

wrong to say that time is an illusion,” says 

Rickles. “It is just reducible or non-fundamental, 

in the same way that consciousness emerges 

from brain activity but is not illusory.”

So if time really does prove to be non-

fundamental, what are we to make of it? “For 

us, time exists and flows,” says Rovelli. “The 

point is that this nice flow becomes something 

much more complicated at the small scale.”

At reality’s deepest level, then, it remains 

unknown whether time will hold strong or 

melt away like a Salvador Dali clock. Perhaps, 

as Rovelli and others suggest, time is all a 

matter of perspective – not a feature of reality 

but a result of your missing information 

about reality. So if your brain hurts when you 

try to understand time, relax. If you really 

knew, time might simply disappear.  ●

Read previous issues of New Scientist at 
http://archive.newscientist.com

www.newscientist.com 19 January 2008 | NewScientist | 29

080119_F_Does_time_exist.indd   29080119_F_Does_time_exist.indd   29 10/1/08   12:29:4510/1/08   12:29:45



30 | NewScientist | 19 January 2008  www.newscientist.com

Beastly 
tales Animals are helping to 

rewrite human history, 
Bob Holmes discovers

 ●
ACCORDING to the history books, the Madeira archipelago 

600 kilometres west of Africa was discovered in 1419 when 

Portuguese mariners were blown off-course by a storm. In 

Roman times Pliny and Plutarch wrote about islands that might be 

Madeira, but there is no definite account of the islands, nor any 

signs of people, prior to the arrival of the Portuguese. The mice of 

Madeira Island, however, tell a different and unexpected story.

The mice are not native to the island and must have arrived on 

European ships. Genetically, they most closely resemble the mice 

of Portugal. However, some of their DNA has strong similarities to 

that of mice found in Scandinavia – a strong hint that Viking ships 

found Madeira long before the Portuguese. “It might have been a 

temporary occupation, or just a few boats landing for a short 

period of time,” says Jeremy Searle, an evolutionary biologist at 

the University of York in the UK and an author of the study 

(  Heredity, vol 99, p 432 ). “But the mice are telling us something 

that no artefact so far has told us.”

Madeira’s mice are not an isolated case. Like spies in the halls 

of history, our animal and plant companions hold lost secrets 

about our past. Through their genes we can trace the paths of 

ancient migrations and trade routes, and sometimes unpick the 

knot of successive waves of colonisation. Plants and animals can 

also help archaeologists date the origin of some of the major 

innovations of human culture, such as the first use of clothing 

and the beginning of high-density urban living. They can even 

help researchers glimpse the motives of ancient peoples as they 

laid the cornerstones of civilisation.

For instance, anthropologists have long been fascinated 

by one of the greatest seagoing migrations ever undertaken – 

the colonisation thousands of years ago of the remote islands 

of the south Pacific. Where did these ancient colonists 

come from? Did they spread through Polynesia in a single, 

rapid sweep, or was it a gradual move undertaken in several 

waves? The most obvious way to answer questions like these 

would be to study the DNA of Polynesian people. If they carry 
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genetic variants shared only with, say, natives of Taiwan, 

that would point to a likely origin for the migration. 

However, this kind of study is not as simple as it sounds. 

Any clear genetic patterns that may once have existed would 

have been blurred over the past few centuries, making 

comparisons among modern people uncertain. A better 

alternative would be to extract DNA from human remains that 

pre-date European contact, but such remains are relatively scarce 

and, understandably, most communities do not want the bones 

of their ancestors ground up to extract DNA.

“If people don’t want their ancestors to be studied, then 

you just don’t do it,” says Lisa Matisoo-Smith, a molecular 

anthropologist at the University of Auckland in New Zealand. 

“So I said, how can we get at this in another way?” 

She knew that the early colonists did not travel alone in their 

canoes. They brought pigs, chickens, dogs and even rats along 

with them. Perhaps, she thought, these domestic animals held 

the answer: the relatedness of the animals on different islands 

should be similar to that of the humans who brought them.

The rats proved especially helpful. Unlike the European rat, 

the Pacific rat, Rattus exulans, dislikes water and would not have 

scuttled aboard a boat of its own volition. Instead, the colonists 

took them for food. “The rats on the islands today are the direct 

descendants of the rats that arrived with the pre-European 

human population,” Matisoo-Smith says. This means there has 

been no later genetic “blurring”, so she could simply study 

modern rats rather than searching out ancient rat DNA.

Matisoo-Smith and her colleagues collected rat tissue from 

islands throughout the Pacific as well as from mainland Asia, 

and sequenced a short part of their mitochondrial DNA. This 

revealed two separate lineages of rats: one type in the 

Philippines, New Guinea and other islands of the western 

Pacific; and another on the more remote islands further to 

the east. Such a pattern is unlikely to be the result of a single 

wave of human migration, so the researchers concluded that 

there must have been at least two separate waves of TE
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Follow that hedgehog
The DNA of our companion plants and 

animals has already testified to several 

human migrations: 

●  The Swedish island of Gotland in the 

Baltic Sea supported a flourishing culture 

4500 years ago, but it was unclear where 

the settlers came from. Hedgehogs held 

the answer. The island’s hedgehogs were 

brought with the people who settled there, 

and their DNA matches that of animals 

from regions to the west, in Denmark and 

Sweden, says Anders Götherström of 

Uppsala University in Sweden. 

●  Wheat genotypes clearly show two 

migrations of wheat-farming people into 

Europe from the Near East: an earlier 

migration along the northern shore of the 

Mediterranean, and a later one along the 

Rhine and Danube rivers, according to 

studies by Robin Allaby of the University of 

Warwick in the UK and colleagues.

●  The voles of the Orkney Islands north of 

Scotland are most akin to those on the 

Atlantic coasts of France and Spain. 

Moreover, Orkney voles are enormously 

diverse. “We have more variation in this 

tiny Orkney archipelago than in all of 

western Europe, which is completely the 

opposite to what you’d expect,” says Keith 

Dobney of the University of Durham in the 

UK. This suggests that the Orkneys must 

have had a thriving sea trade with Europe 

during neolithic times, he says, and that 

the islands’ voles retain genetic diversity 

that has since been lost elsewhere.

●  There were two separate migrations of 

maize farmers southward from Central 

America, one along the Andes and another 

further east, according to studies by Allaby.

Mouse DNA tells us that the Vikings 
reached the Madeira archipelago 
long before the Portuguese
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Gary King at the University of York is now 

beginning. If the same genotypes of weevils 

also turn up in medieval English granaries, 

it will show that the English were producing 

and storing grain throughout the Dark Ages. 

If, on the other hand, medieval weevils are 

different, it will confirm the idea that there 

was a period when grain was produced and 

stored only sporadically, causing the original 

colonists to die out. 

The use of genotypes to study ancient 

trade routes has already thrown up one 

surprise. Anders Götherström, an evolutionary 

geneticist at Uppsala University in Sweden, 

has found African cattle genotypes in Bronze 

Age archaeological sites in Spain. This suggests 

that, even thousands of years ago, trade across 

the Strait of Gibraltar was extensive enough 

to include live cattle (  PNAS, vol 102, p 8431 ).

Before Götherström’s study, people had 

noticed the presence of African genotypes in 

Spanish cattle, but assumed that they had 

arrived with the conquering Moors in the 8th 

century. “Nobody expected it to be any earlier 

than that,” says Götherström. “As long as we 

colonisation (  Proceedings of the National 

Academy of Sciences, vol 101, p 9167 ). 

Similar genetic analyses of pigs, chickens 

and dogs – using ancient DNA to avoid the 

blurring caused by the extensive trade in 

these animals – has turned up evidence of 

even more intricate settlement patterns. “It’s 

not that people came once and then there’s 

isolation,” says Matisoo-Smith. “It’s a much 

more dynamic process. The Pacific really is a 

highway. Once you have people moving, and 

you have knowledge of the island world, then 

everybody’s going to take advantage of that.” 

Bone of contention
Last year, the team turned up a big surprise: 

a single chicken bone, taken from a 

pre-Columbian archaeological site in Chile 

and dated to about AD 1400, yielded DNA 

sequences identical to those of prehistoric 

chickens from Tonga and Samoa in the south 

Pacific. This is the strongest evidence yet that 

Pacific islanders’ journeys took them all the 

way to South America on at least one occasion 

(PNAS, vol 104, p 10335). 

It might not be time to rewrite the history 

books yet, though. “There’s only one bone, 

and there’s one sequence, and there’s one 

date, which is just old enough. I’m happy 

with the data, but they need more of it,” says 

Keith Dobney, a zooarchaeologist at Durham 

University in the UK.

The worry is that because so little DNA 

remains in ancient specimens – especially 

in the warm, damp tropics – attempts to 

sequence it can be ruined by contamination 

with modern DNA. “One has to be sure there’s 

no other explanation for the chicken DNA in 

the bone. It could be something as ridiculous 

as that the archaeologist who handled it had 

chicken for lunch that day,” says Tom Gilbert, 

a specialist in ancient DNA at the University 

of Copenhagen in Denmark.

With more samples, careful handling and 

the latest techniques, though, studies of 

ancient DNA can yield solid results. Several 

research groups have now used this technique 

to track human migrations (see “Follow that 

hedgehog”, page 31). Similar approaches can 

also be used to unravel ancient trade routes, 

for instance by tracing the weevils found in 

Roman granaries in England back to their 

roots in the Mediterranean, a study which 
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Gorillas gave us crabs
Lice and other parasites that live in 

close proximity to people can tell us 

much about our history. For instance, 

the human pubic louse is most closely 

related to the body louse of gorillas.

Genetic studies by David Reed of 

the University of Florida in Gainesville 

suggest the two diverged just 3 million 

years ago – much more recently than 

humans diverged from gorillas. If so, 

early humans and gorillas must have 

been in close contact until that time, 

perhaps sharing caves. “If these data 

are to be believed, we can put 

Australopithecus at the same place and 

the same time as gorillas,” says Reed. 

“That would teach us a lot about gorilla 

biology 3 million years ago that we 

have scant other evidence for.”

Reed has also found two distinct 

lineages of modern human head lice, 

whose genes indicate they diverged 

more than a million years ago. He 

concludes that one lineage must have 

evolved on a different ancestral 

human species, perhaps Homo 

erectus, and only relatively recently 

shifted to Homo sapiens. This 

suggests that modern humans must 

have lived side by side with at least 

one other human species a few tens 

of thousands of years ago, he says.

Reed has now begun picking lice 

from ancient Peruvian mummies to 

extract their DNA. If he can get 

enough, he hopes to use them to 

retrace the peopling of the Americas. 

He also hopes to look at bedbugs 

and other parasites. “When you have 

lots of parasites to look at, you’ll 

really get a picture of the evolution 

of the host,” he says. 
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were relying on modern cattle DNA, we made 

the wrong conclusion. When we go back in 

time, we can see when it really came. It was 

there during the Bronze Age.”

Our companion species can reveal even 

more subtle things about our history (see 

“Gorillas gave us crabs”). The human head 

louse, for example, lives only in scalp hair. 

A closely related subspecies, the body louse, 

lives only in clothing, and so must have 

evolved from the head louse sometime after 

early humans created a new niche for them by 

wearing clothing regularly. Assuming this did 

not take long, dating the divergence of the two 

louse subspecies should give us a rough idea 

of when clothing became commonplace.

To do this, Mark Stoneking and his 

colleagues at the Max Planck Institute for 

Evolutionary Anthropology in Leipzig, 

Germany, sequenced DNA fragments from 

40 head and body lice, and counted the genetic 

differences between the two. They then 

compared this with the number of genetic 

differences between human and chimpanzee 

lice, which are assumed to have diverged 

when proto-humans and chimps went their 

separate ways about 6 million years ago. Based 

on this comparison, the researchers estimate 

that human head and body lice must have 

diverged about 72,000 years ago, suggesting 

that clothing is a relatively recent human 

invention (  Current Biology, vol 13, p 1414 ).

While this work shows that much can be 

learned simply by looking at how closely 

plant or animal populations are related, 

some researchers are delving deeper. The 

latest trend in the growing field of genetic 

archaeology is to look at variations in the 

genes for specific functions. 

One of the best examples comes from 

a study of flax plants led by Robin Allaby, a 

molecular archaeobotanist at the University 

of Warwick in the UK. Flax is unusual among 

crop plants because it provides two products – 

oil from the seeds, and fibre. Archaeologists 

disagree on which came first, so Allaby decided 

to read the genes directly. He collected a wide 

variety of flax lines and sequenced portions 

of a gene called sad2, which plays a role in 

the production of unsaturated fatty acids in 

the seeds. From these sequences he was able 

to reconstruct the genetic history of flax, 

which revealed that the ancestral form of 

sad2 was similar to the form typical of 

modern oilseed flax. Variants typical of fibre 

flax only appear relatively recently, suggesting 

that ancient people domesticated flax for its 

oil, rather than its fibre (  Theoretical and 

Applied Genetics, vol 112, p 58 ).

As this shows, focusing on particular 

genes can sometimes tell us more than 

conventional archaeological artefacts. 

Applying the same approach to domestic 

animals should reveal, for example, when 

ancient people first began breeding cattle for 

milk or meat, Götherström says. He is now 

looking at DNA extracted from bones and 

teeth found in horse graves in the hope of 

determining whether certain colours of horse 

had greater ceremonial value in ancient times. 

And this is just the start. As we sequence 

the genomes of more and more organisms, 

we will get ever better at reading the genetic 

runes, and researchers like Götherström 

should be able to uncover many more stories 

hidden within DNA of our plant and animal 

companions. Undoubtedly there will be many 

more surprises to come.  ●
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 “A chicken bone has shown 
that the Polynesians got as 
far as South America”

To find what our ancestors got up to, 
zooarchaeologists study the animals that travelled 
with them, from chickens to head lice (below)
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What we really want
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Racy images of bared bottoms are providing the best clues yet 
about how our brains weigh up options, says Helen Phillips
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 ●
WHEN four male experimental 

subjects were found peeking at 

explicit images of naked female 

bottoms on laboratory computer screens, 

you might have expected disciplinary action, 

a review of internet security, or at the very 

least a new batch of subjects. Not in this case. 

Instead, Michael Platt and his colleagues at 

Duke University, North Carolina, actually 

encouraged the voyeurs to keep looking. They 

set up a pay-per-view system and even tried 

bribing them to look at less desirable images, 

all the while monitoring their sleazy viewing 

habits in the name of science.

It won’t help to know that those bared 

rumps belonged to female macaque monkeys. 

Don’t jump to hasty conclusions, though, 

because the male subjects mesmerised by 

these images were macaques too. What’s 

more, the payments and bribes associated 

with these slide shows of simian smut were 

not financial, but rewards or forfeiture of fruit 

juices depending on what they chose to view.

You’ll also be relieved to hear that there 

is a serious point to the project. Primate soft 

porn may just help solve one of the central 

questions about how our brains work – how, 

faced with all the choices we have to make 

every second of every day, we weigh up the 

options and convert disparate information 

about them into a common neurobiological 

currency. The research could even unravel 

some of the mysteries of autism. Honest!

It began in the mid-1990s, when Platt 

and his colleague Paul Glimcher, then both 

at New York University, decided to study how 

we make decisions. “Neurobiologists were 

just starting to scratch the surface of trying 

to understand decision-making,” says Platt. 

They knew a lot about how we collect relevant 

information with our senses, and how we 

direct our actions, but almost nothing about 

how we link the two processes in the brain; 

how we evaluate the options we see and 

make informed choices about how to act.

Platt and Glimcher reasoned that an 

efficient brain ought to weigh up all possible 

choices as if they were part of a mathematical 

or economic equation, and that two key pieces 

of information would be vital: an estimate of 

the reward at stake and the probability of 

achieving it – or not – by acting a certain way. 

In theory, by combining the two, and doing 

the same for all the alternatives, the brain 

could compare them and then select the best-

value option on offer. Is this what actually 

happens, though?

In an attempt to find out, the researchers 

began an experiment that involved rewarding 

monkeys with squirts of juice for moving their 

eyes towards one spot or another. They could 

vary the size of the reward associated with 

each position, and the probability that the 

monkey would receive it. Sure enough, both 

factors affected where the monkeys preferred 

to look, and their brains told a similar story. 

Recordings from electrodes revealed that 

the activity of neurons in the brain area 

controlling and planning eye movements – 

in the “motor” regions of the parietal cortex 

to the side of the brain – was in proportion 

to how much juice was on offer and how 

likely they were to receive it . This suggests 

that the neurons are involved in weighing 

up the expected pay-off or value of each 

alternative. The decision seems to be made 

on the basis of which bunch of location-tuned 

cells “wins” by reaching a certain threshold 

of activity (Nature, DOI: 10.1038/22268 and 

10.1038/22221). Here was evidence of some 

sort of neurobiological abacus in action, which 

could help us judge, for example, when a big 

but rare pay-off is more advantageous than a 

smaller, more certain one.

Platt was not satisfied, however. He felt the 

experiments were too far removed from real-

world situations. He had spent months 

watching various species of wild monkey in 

Mexico and South America to get a better idea 

of what sorts of choices they routinely have to 

make, and knew that most decisions are social 

in nature – who to ally with, who to watch, 
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“We need to weigh up the reward at 
stake and the probability of achieving 
it by acting a certain way” 
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conducted a similar experiment to see how 

the brain compares and prioritises social 

information. They measured how long 

macaques could be distracted from claiming a 

food reward by the sight of other macaques on 

video. “They are quick to pick up food unless 

the other animals are of a higher social 

status,” says Rushworth. “And most monkeys 

agree on what social stimuli are interesting.” 

The high-status males come out on top, then 

female rumps. Lower-status monkeys are far 

less interesting, even if they have food, the 

researchers found. Only moving snakes 

distracted them more than dominant males 

(Science, DOI: 10.1126/science.1128197).

 Recently, Platt, Ben Hayden and 

colleagues have tried their pay-per-view 

experiments with humans. They used 

images from a database of men and women’s 

faces (no rear ends this time) downloaded 

from www.HotOrNot.com and rated for 

attractiveness by an independent panel. Of 

course, humans have more complex ideas of 

attractiveness than monkeys, but it is likely 

that social status influences things here too. 

Factors such as symmetry may reflect good 

genes or good immune function and are often 

judged attractive. The researchers found that 

people preferred to look at images of 

attractive faces of the opposite sex and would 

give up money to do so (see “Celebrity 

worship”). To view unattractive faces, they 

needed the incentive of extra payments. 

A more complex study showed that people 

would also trade between shorter but 

immediate peeks at attractive faces and longer 

but delayed viewings . They were also willing 

to perform tasks requiring effort, such as 

making a particular sequence 

of key presses, to view attractive faces.

 These findings all go to show that these 

people used trade-offs and economic 

principles when deciding which faces to look 

at, suggesting there is a “value” implicit in 

gaining the social information they contain 

(Proceedings of the Royal Society B, DOI: 

10.1098/rspb.2007.0368). It also suggests that 

whatever brain circuits motivate our choices, 

they are converting all possible options and 

pay-offs into some form that can be 

compared. To get an idea where and how this 

“common currency” works in the brain, Platt 

and Rushworth studied the activity of neurons 

in the reward circuits of both monkeys and 

people, as well as activity in the frontal 

emotional regions . Platt says there seems to 

to be in the reward before the monkey would 

ignore the image and go for the juice instead.

 “Male macaques consistently gave up 

some juice when they were presented with 

images of the perineum of females,” Platt 

says. To them, this is valuable information. 

“Males use the coloration and turgidity 

as a cue for receptivity and ovulation,” 

he explains. Moreover, the amount of 

juice any individual monkey gave up for 

a particular type of image – its value, in other 

words – was highly consistent in different 

trials and experiments.

Face value
The monkeys also deemed faces worth 

paying to see, but only those of dominant 

males. “This might seem a bit surprising but 

it makes some sense as well,” says Platt. 

“These are the guys who are pumped up with 

testosterone, and are the biggest threat. They 

can drive you away from food, or females.” 

When it came to faces of subordinate males or 

females, however, the researchers had to 

actually pay their viewer extra juice to 

convince them to take a look (Current Biology, 

DOI: 10.1016/j.cub.2005.01.044).

At the University of Oxford, Matthew 

Rushworth and Peter Rudebeck have 

who to mate with, who to consider a threat 

and so on. He decided that a good way to study 

decision-making in social primates, including 

humans, would be to find out how the brain 

deals with these dilemmas.  To do that, he 

would have to venture into the nascent field of 

social neuroscience, a discipline that has been 

described as the next big thing by the founder 

of cognitive neuroscience, Mike Gazzaniga at 

the University of California, Santa Barbara. 

How could Platt get an insight into these 

everyday decisions? Now running his own lab 

at Duke University, he decided to build on his 

previous study, but this time using pictures of 

what monkeys naturally like to look at – other 

monkeys. Platt and his colleagues , Robert 

Deaner and Amit Khera,  initiated the pay-per-

view system, and began to test how male 

macaques reacted to images of faces and 

bottoms – two things the researchers were 

convinced would capture their attention.

Four macaques learned to look at a screen 

with two targets. Looking at one earned them 

some juice, the other earned them less juice 

but also a glimpse of an image of a bottom or a 

face. Platt reasoned that if the monkeys valued 

the images, then they might give up juice or 

“pay” to look. What’s more, he should be able 

to judge the value an individual monkey gave 

an image by measuring how much juice had 
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Celebrity worship
Why do many of us pay good money 

to bury our noses in Hello! magazine 

or scan the photos from the latest red 

carpet event, becoming almost 

obsessed by the lives of people we 

may never even meet? One possibility 

is that it taps into a primitive system 

by which we find paying attention 

to attractive and socially dominant 

individuals intrinsically valuable 

and rewarding. This idea has been 

around since the 1960s, when 

anthropologists Clifford Jolly and 

Michael Chance first suggested that 

for social primates the desire to look at 

high-ranking individuals might act like 

a kind of social glue, keeping a group 

together. In that sense it does sound 

rather like the way we treat celebrities 

and our more exuberant leaders.

Michael Platt at Duke University, 

North Carolina, favours a more down-

to-earth view, however. He believes 

that the value of looking at dominant 

individuals is that it allows 

subordinates to assess threats and risk. 

Still, he admits that images of attractive 

people could co-opt the brain’s system 

for attending to high-status group 

members in much the same way as an 

addictive drug can co-opt the brain’s 

appetite systems. This idea may even be 

provable, if scans were to reveal 

hyperactivity in the brains of celebrity 

worshippers on a par with that found 

in drug addicts. “Looking at celebrities 

should activate reward systems in a 

really deranged way,” Platt says.
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information are processed by separate brain 

systems in the anterior cingulate cortex, 

Rushworth says. “A common currency may be 

a consequence of an interaction between these 

areas,” he says. Preliminary results from 

Rushworth’s latest research with Tim Behrens, 

using fMRI to look at human brains, suggests 

that there may be a confluence of all this 

information near a region of the frontal lobe 

called the ventromedial prefrontal cortex . 

“This may be where the common currency is,” 

says Rushworth.

This work is not just shedding light on the 

anatomy of decision-making, however. One 

intriguing possibility is that it could reveal 

something about the origins of autism. While 

autism is a spectrum of disorders, at one end 

lie some serious social difficulties, including 

failing to respond to faces and interpret their 

expressions . Platt suggests there could be a 

domino effect starting with problems very 

early in life. Recent studies tracking the gaze 

of people with autism indicate they do not 

look at the same features of a face that people 

commonly focus on, particularly the eyes and 

mouth. “If a child doesn’t look at the parent’s 

face, they can’t follow their gaze to the object 

they’re talking about, so the child has 

impairments in learning to share attention 

and in learning what other people are talking 

about,” he says. 

Rushworth also sees an autism connection. 

“It is worth noting that one of the areas altered 

in autistic people is in the anterior cingulate 

gyrus,” he says. Tasks that many autistic 

people find difficult trigger strong activity 

in this region in people without the condition. 

“I do feel that there could be a link.”

When it comes to targets for therapy, 

Platt has a few ideas. “What we’re really 

interested in right now is whether we can 

manipulate how monkeys orient to social 

stimuli by manipulating their internal 

chemical milieu,” he says. His team believes 

that they may be able to turn up the system 

that attributes importance to social stimuli, 

making monkeys see them as highly 

interesting, by administering oxytocin – 

a hormone important for bonding. The team 

has also had some early success in causing 

deficits in social orienting by depleting levels 

of the neurotransmitter serotonin. They have 

also found that dominant males with high 

levels of circulating testosterone are much less 

bothered about scrutinising other individuals 

than low-ranking, low-testosterone 

individuals. Platt now plans to quantify the 

effects of these chemicals .

Platt is acutely aware of how sensitive this 

whole area is. “Anything we say about autism 

is going to be incredibly controversial.”  

Nevertheless, he notes that some researchers 

have argued that the autistic brain is hyper-

masculine, while others have discovered a 

possible link to certain variants of serotonin 

genes. He also thinks the potential of this work 

could extend beyond autism to conditions 

such as social anxiety disorders. “It’s all pretty 

crude at the moment,” he admits, “but the 

start of a very interesting line of enquiry.” Still, 

that’s not bad for a project that began with 

monkeys watching blue movies.  ●
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 “If the monkeys valued images 
of bottoms, then they might 
give up juice, or ‘pay’ to look” 
be some relationship between “value” and 

activity in parts of the reward system, with 

positive values correlating with activity in a 

reward area called the striatum and negative 

values in the nearby insula.

Previous studies suggest that a frontal lobe 

region called the anterior cingulate sulcus 

deals with reward-guided decisions, including 

tasks and situations that are quite 

straightforward, such as seeking food . 

Meanwhile other areas in the frontal lobes 

seem to add emotional qualities, such as 

deciding whether something is nice or nasty. 

But more recent work by Rushworth and 

Rudebeck suggests it is the neighbouring 

anterior cingulate gyrus that busies itself with 

social information. They found that monkeys 

with damage to this region no longer showed 

any interest in looking at video clips of high-

ranking individuals. Different types of 
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that has profound implications for both 

global energy supply and climate change. 

The latest    “official” statistics from the 

World Energy Council , published in 2007, 

put global coal reserves at a staggering 

847 billion tonnes (see Diagram, opposite). 

Since world coal production that year was 

just under 6 billion tonnes, the reserves 

appear at first glance to be ample to sustain 

output for at least a century – well beyond 

even the most distant planning horizon. 

Mine below the surface, however, and the 

numbers are not so reassuring. Over the past 

20 years, official reserves have fallen by more 

than 170 billion tonnes, even though we have 

consumed nowhere near that much. What’s 

more, by a measure known as the reserves-to-

production (R/P) ratio – the number of years 

the reserves would last at the current rate of 

consumption – coal has declined even more 

dramatically. In February 2007, the   European 

Commission’s Institute for Energy reported  

that the R/P ratio had dropped by more than 

a third between 2000 and 2005, from 277 

years to just 155. If this rate of decline were to 

continue, the institute warns, “the world 

could run out of economically recoverable 

reserves of coal much earlier than widely 

anticipated”. In 2006, according to the BP 

Statistical Review of World Energy, the R/P fell 

again, to 144 years. So why are estimates of 

coal reserves falling so fast – and why now?

One reason is clear: consumption is 

soaring, particularly in the developing world. 

Global coal consumption rose 35 per cent 

between 2000 and 2006. In 2006, China alone 

added 102 gigawatts of coal-fired generating 

capacity, enough to produce three times as 

much electricity as California consumed that 

year. China is by far the world’s largest 

producer of coal, but such is its appetite for 

the fuel that in 2007 it became a net importer. 

According to the International Energy Agency, 

coal consumption is likely to grow ever faster 

in both China and India. 

Another less noticed reason is that in recent 

years many countries have revised their 

official coal reserves downwards, in some cases 

massively, and often by far more than had 

been mined since the previous assessment. For 

instance, the UK and Germany have cut their 

reserves by more than 90 per cent and Poland 

by 50 per cent. Declared global reserves of 

high-quality “hard coal” have fallen by 25 per 

 ●
THERE used to be a saying about 

taking coal to Newcastle, but these 

days the issue is getting the stuff out. 

Newcastle in New South Wales, Australia, 

may be the biggest coal export terminal in 

the world’s biggest coal-exporting country, 

but even it is having trouble keeping up 

with demand. The line of ships waiting to 

load coal can stretch almost to Sydney, 

150 kilometres to the south. At its peak last 

year, there were 80 vessels in the queue, each 

forced to lie idle for up to a month.

The delays have been increasing since 

2003, and not just because of the port’s 

limited capacity. Gnawing doubts are also 

beginning to emerge about the supply of coal, 

not just in Australia but worldwide, and not 

only because of logistics but also because of 

geology. In short, coal may be running out.

Ask most energy analysts how much coal 

we have left, and the answer will be some 

variant of “plenty”. It is commonly agreed that 

supplies of coal will last for well over a century; 

coal is generally seen as our safety net in a 

world of dwindling oil supplies. But is it? 

A number of recent reports suggest coal 

reserves may be hugely inflated, a possibility 
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The great coal hole
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Reserves of the black stuff were supposed to last for centuries. But rock bottom could     
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cent since 1990, from almost 640 billion 

tonnes to fewer than 480 billion – again, larger 

than could be accounted for by consumption. 

At the same time, however, many countries 

including China and Vietnam have left their 

official reserves suspiciously unchanged for 

decades, even though they have mined 

billions of tonnes of coal over that period. 

Taken together, dramatic falls in some 

countries’ reserves coupled with the stubborn 

refusal of others to revise their figures down 

in the face of massive production suggest that 

the numbers are not to be relied on. Is it 

possible that the sturdy pit prop of unlimited 

coal is actually a flimsy stick?

That is certainly the conclusion of Energy 

Watch, a group of scientists led by the German 

renewable energy consultancy Ludwig Bölkow 

Systemtechnik (LBST). In a 2007 report, the 

group argues that   official coal reserves are 

likely to be biased on the high side . “As 

scientists, we were surprised to find that 

so-called proven reserves were anything but 

proven,” says lead author Werner Zittel. “It is a 

clear sign that something is seriously wrong.”

Since it is widely accepted that major 

new discoveries of coal are unlikely, Energy 
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    come a lot sooner than that. David Strahan reports
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“from now on it’s going to be a significant 

challenge”. In China, for example, much of 

the remaining coal is more than 1000 metres 

below the surface, Chapman says, while in 

South Africa the geology is extremely 

complex. Elsewhere, flooding and subsidence 

may have “sterilised” significant reserves: 

the coal is there, but will almost certainly 

never be mined. As a result, Chapman agrees 

that true reserves are probably much lower 

than the official figure. 

David Rutledge, chair of Engineering and 

Applied Science at the California Institute of 

Technology in Pasadena, shares this view. 

He became interested in coal after attending 

a presentation on climate change at which 

the levels of carbon emissions from fossil 

fuels were said to be too uncertain to be 

specified. Although the issue was not 

strictly on his patch, Caltech has a healthy 

interdisciplinary tradition, so early in 2007 

Rutledge decided to have a go at solving the 

uncertainty. The results are even more 

dramatic than those of Energy Watch.

To forecast coal production, Rutledge 

borrowed a statistical technique developed 

for oil forecasting known as Hubbert 

linearisation.   M. King Hubbert , after whom 

the method is named, was a Shell geologist 

who founded the “peak oil” school of thought. 

In 1956, Hubbert famously predicted that 

US oil production would peak within 15 years. 

He was vindicated in 1970. 

The industry position is born of the 

traditional view that “reserves” is essentially 

an economic concept – the amount of coal 

that could be produced at today’s prices 

using existing technology. This is not the 

same as “resources” – the total amount that 

exists. Reserves are, to some extent, 

replenishable. If shortage bites and prices 

rise, uneconomic seams – too thin, too deep or 

too remote from markets – become economic 

and can be reclassified as reserves. Because 

global resources are vastly greater than 

reserves, the industry argues there can be no 

imminent shortage. “It’s there if the price is 

high enough,” Brewer says. 

The problem is, the real world seems to 

have forgotten this piece of economic lore. 

Although the price of coal has quintupled 

since 2002 (see Graph, page 39), reserves 

have still fallen. This is similar to what is 

happening with oil, where fresh reserves 

have not been forthcoming, despite soaring 

prices. To a growing number of oil-industry 

figures this is because we have reached, or 

are just about to reach, peak oil – the point 

at which oil production hits an all-time high 

then goes into terminal decline.

Some experts are starting to reach a similar 

conclusion about coal. “Normally when prices 

go up, mine managers ramp up production as 

fast as possible and shortage quickly turns to 

glut,” says coal geologist Graham Chapman of 

the consultancy Energy Edge in Richmond, 

Surrey, UK. “This time it hasn’t happened.” 

He concludes that the industry has already 

produced most of the easily mined coal and 

Watch forecasts that global coal output will 

peak as early as 2025 and then fall into 

terminal decline. That’s a lot earlier than is 

generally assumed by policy-makers, who 

look to the much higher forecasts of the 

International Energy Agency. “The perception 

that coal is the fossil resource of last resort –

that you can come back to when you run into 

problems with all the others – is probably an 

illusion,” says Jörg Schindler of LBST.

A look at how official global reserves are 

calculated does little to bolster confidence. 

The figures, compiled by a husband-and-wife 

energy consultancy called Energy Data 

Associates based in Dorset, UK, are gathered 

principally by sending out a questionnaire to 

the governments of 100 coal-producing 

countries. Officials are asked to supply figures 

under clearly defined guidelines, but many do 

not. “About two-thirds of the countries reply,” 

says Alan Clarke of Energy Data Associates, 

“and maybe 50 are usable.” 

Some countries have been known to make 

elementary errors filling in the forms, often 

with the effect of massively increasing their 

reserves. Undoing these apparently innocent 

mistakes has led to some of the major 

downward revisions of recent years. 

Imminent shortage?
Although Clarke defends his data as the best 

available, he is also the first to admit that 

there are shortcomings. “It’s no secret that the 

result is a bit of a ragbag. It ranges from well-

established estimates for some countries to 

others that are fairly airy-fairy, and some that 

are highly political and not to be believed.” 

Figures for two of the world’s biggest coal 

producers are particularly hard to glean. 

Russia has failed to update its numbers since 

1996, China since 1990. “There is really 

nothing very certain or clear-cut about 

reserves figures anywhere,” Clarke says. Even 

senior officials in the coal industry admit 

that the figures are unreliable. “We don’t have 

good reserves numbers in the coal business,” 

says David Brewer of CoalPro, the UK mine 

owners’ association. 

Even so, the industry consensus rejects 

thoughts of an imminent shortage, or “peak 

coal”. Milton Catelin of the World Coal 

Institute, the international producers’ trade 

body, admits that he does not understand 

what has led to the reductions in reserves, 

but insists that it is not down to a lack of coal. 

“The world is not resource-limited,” he says. 

“It’s limited only by the economics of recovery 

and environmental concerns.” 
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China is the world’s biggest coal producer but demand 
is rising so fast that in 2007 it became a net importer
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Although accurate, Hubbert’s original 

forecast depended on the rather basic idea 

that oil peaks when the amount that has 

been extracted is equal to the amount still 

left in the ground. This method works, but 

only if you have a reasonably accurate 

estimate of the total oil that will ever be 

produced. Such estimates can be unreliable 

for oil – and are even worse in the case of coal. 

Hubbert linearisation, published in 1982, 

solves this problem by presenting the 

numbers in a different way.

Linearisation works by plotting annual 

production as a percentage of total production 

up to that point on the vertical axis, against 

total production on the horizontal axis. This 

produces a graph showing how the percentage 

growth rate of total production changes as 

the resource is extracted (see Graph, right). 

For oil, this percentage generally declines 

from almost the earliest days of production, 

even when annual output is still rising, 

and soon settles into a roughly straight 

downward-sloping line. By extending the 

line to the bottom of the graph, you can 

deduce the total amount that will ever be 

produced. “Once you have a straight line,” 

says Rutledge, “you’re off to the races.”

To test the linearisation technique for coal, 

Rutledge applied it to historical data for UK 

production, which peaked in 1913. He says it 

provides a better model of the decline than 

traditional economics, which tends to blame 

factors such as foreign competition, 

Winston Churchill’s decision to switch the 

navy to oil and the displacement of coal by 

natural gas. Because the straight-line decline 

in the growth rate of total production starts 

long before the peak and continues long after, 

for Rutledge this suggests the cause is 

fundamentally geological, reflecting the 

increasing difficulty of increasing production 

while exploiting resources of progressively 

poorer quality. “Had you known this method 

in the 1920s,” Rutledge says, “you could 

have predicted accurately where British coal 

output is today.” 

He has also applied it to today’s major coal-

producing countries, including the US, China, 

Russia, India, Australia and South Africa – 

with startling results. Hubbert linearisation 

suggests that future coal production will 

amount to around 450 billion tonnes – little 

more than half the current official reserves. 

The idea of an imminent coal peak is very 

new and has so far made little impact on 

mainstream coal geology or economics, and it 

could be wrong. Most academics and officials 

reject the idea out of hand. Yet in doing so they 

tend to fall back on the traditional argument 

that higher coal prices will transform 

resources into reserves – something that is 

clearly not happening this time. 

So what if coal does peak much sooner 

than most people expect? According to the 

International Energy Agency’s latest long-

term forecast, economic growth will require 

global coal production to rise by more than 

70 per cent by 2030, so if Rutledge is right, the 

world is heading for an energy crisis even 

worse than many already predict. Hopes that 

coal-derived liquid fuels will be able to step in 

as oil runs out will also be dashed. 

The silver lining to this gloomy scenario is 

coal’s effect on climate. Forecasts by the 

Intergovernmental Panel on Climate Change 

assume more or less infinite replenishment 

of coal reserves, in line with traditional 

economic theory. Less coal means less carbon 

dioxide, so the impact on emissions could be 

enormous. Using one of the IPCC’s simpler 

climate models, Rutledge forecasts that total 

CO2 emissions from fossil fuel will be lower 

than any of the IPCC scenarios. He found 

that atmospheric concentration of CO2 will 

peak in 2070 at 460 parts per million, 

fractionally above what many scientists 

believe is the threshold for runaway climate 

change. “In some sense, this is good news,” 

Rutledge says. “Production limits mean we 

are likely to hit the general target without 

any policy intervention.” 

Neither Energy Watch nor Rutledge could 

remotely be described as climate-change 

deniers – quite the opposite – but their 

findings worry many climate scientists, 

including Pushker Kharecha at the NASA 

Goddard Institute for Space Studies in New 

York. He agrees that coal reserves are probably 

overstated, but insists that curtailment of coal 

emissions is still essential to combat climate 

change. He gives a simple reason for this view: 

“What are the risks if the low-coal people are 

wrong?” To pin our hopes on low coal would be 

dangerously complacent, he argues, because if 

it is only marginally wrong the additional 

emissions could ensure catastrophe.

Whoever turns out to be right, the good 

news is that the imperatives of climate change 

and peak coal are identical. “In the long run, 

economies that rely on depletable resources 

are doomed to fail,” says Zittel. “The coal peak 

makes it even more urgent to switch to 

renewable energy without delay.”  ●

David Strahan is the author of The Last Oil Shock: 
A survival guide to the imminent extinction of 
petroleum man (John Murray, 2007)
Further Reading:   The Future of Coal , DG JRC Institute for 
Energy, February 2007;   Coal: Resources and future 
production , Energy Watch, March 2007 
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Interview

Out on a limb 
over language 
Linguist Daniel Everett went to Brazil as a young Christian 
missionary to work with the Pirahã indigenous people. Instead of 
converting them, he told Liz Else and Lucy Middleton, he lost 
his faith and his family, and provoked a major intellectual row  

Photography: Roark Johnson
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We hear you’ve had some unusual visitors recently.

Two Hollywood producers flew out to see 

me – with a letter from Larry Turman, who 

produced The Graduate. They’re interested in 

the story of my life. I’m also waiting to hear 

whether the Brazilian government will permit 

PBS Nova and the BBC to make a documentary 

about the Pirahã, who live in the Amazon 

basin. They want to go to the village where 

I’ve lived and worked for nearly 30 years. 

How did you get involved with the Pirahã? 

My wife Keren and I set out to become 

missionaries, but it didn’t work out that way. 

We had to learn the language to work there 

but I became more and more fascinated by 

it, and eventually studied linguistics at “real” 

universities. After many years of living with the 

Pirahã I’ve learned a lot about their language 

and the problems it poses for linguistic 

theories. Their concept of truth also changed 

my entire religious persona. I went from 

being a Christian missionary to an atheist.

When did you stop believing? 

In various stages. I arrived in Brazil in 1977, 

and by 1982 I was having serious doubts. 

Probably by 1985, after I had spent a year at the 

Massachusetts Institute of Technology, I had 

no more faith, but I didn’t say anything about 

it for another 19 years.

Did you really not tell anyone – not even your wife?

No. When I did, we ended up getting divorced. 

How did being with the Pirahã change 

your thinking?

They lived so well without religion and they 

were so happy. Also they didn’t believe what 

I was saying because I didn’t have evidence 

for it, and that made me think. They would 

try so hard to understand what I was saying, 

but it was obviously utterly irrelevant to 

them. I began to think: what am I doing here, 

giving them these 2000-year-old concepts 

when everything of value I can think of to 

communicate to them they already have?

Working with the Pirahã has landed you in hot 

water professionally as well.

Yeah. I’m in trouble for putting forward 

  theories based on my studies with the Pirahã  

that challenge the established order. One of 

the most publicised is my claim that they 

don’t really have fixed words for numbers or 

colours. Worse still, I cannot find recursion in 

their language – the way we embed sentences 

containing other statements or concepts  

within sentences. 

This seems to conflict with the views of Noam 

Chomsky, one of the fathers of linguistics.

Yes. Chomsky and I have had long discussions, 

and somewhere in the conversation he’s 

going to say: if you’re right, there’s no 

difference between my granddaughter and a 

rock; rocks don’t learn language, so obviously 

the ability to acquire language is inbuilt. 

Chomsky’s approach is that we have innate 

knowledge of a basic grammatical structure, 

or syntax, that is common to all human 

Profile
Daniel Everett is chair of linguistics, languages and cultures 

at Illinois State University at Normal. His upcoming book is 

Don’t Sleep, There Are Jaguars (Random House and Profile 

Books, 2008). He and his family are the only non-Pirahã 

who currently speak Pirahã.   
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languages. Using a limited set of 

grammatical rules and a finite set of terms, 

we can produce an infinite number of 

sentences, including ones that have never 

been uttered before. For him, the killer 

argument is that without it, children could not 

acquire their native languages very quickly – 

hence the line about his granddaughter and 

the rock. Recursion is the reason that there are 

unlimited possible utterances in any 

language, so it must exist in all languages.

Why does it matter if Chomsky is wrong? 

If he is wrong, it shows that the human 

ability to communicate is not reducible to 

the kind of “mathematical” system that 

Chomsky envisions. It means that language 

is something we gain by interacting with our 

fellow human beings, people who share our 

culture with us. I’m claiming that culture 

shapes grammar, that it can even affect 

the nature of what Chomsky called “core 

grammar” – the part of grammar that’s 

supposed to be innate. If it’s innate, it can’t 

be affected by culture. I say it can.

Are you a lone voice?

No.   Geoffrey Pullum and Barbara Scholz of 

the University of Edinburgh, UK, wrote a 

recent paper  where they laid out what they 

consider to be severe confusion in the 

approach of Chomsky and his adherents. 

They argue that no one can, in principle, 

demonstrate that any human language is 

infinite – a core attribute of human language 

for Chomsky and his followers. All we can say 

is that for many languages, such as English, 

the most efficient grammar acts as though the 

language were infinite. That doesn’t mean the 

language is in fact infinite. 

So where do you think language comes from?

I think there could be different sources, 

none of which involves universal grammar. 

We’re smart and we have big brains; we 

can remember stuff and we can process 

information differently from other animals. 

Human beings evolve in social groups and 

they have to be able to point out objects to 

one another and to say something about 

those objects. There has to be hierarchical 

organisation of the information that’s 

transmitted. But there is no need for recursion 

or hierarchical organisation to be a 

“If grammar is innate, 
it can’t be affected by 
culture. I say it can”
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property of language per se – though it must 

be a property of the brain. If I’m right, all 

brains have recursion, but not all languages do.

Why wouldn’t a language have recursion if the 

brain has it?

It could be for cultural reasons or because of 

other functional pressures. The Pirahã live 

almost entirely in the present (New Scientist, 

18 March 2006, p 44) so they have much less 

need for the complexity that recursion 

provides. I think I’ve shown that the Pirahã 

use recursive reasoning – for example in their 

stories – but you don’t find recursion at the 

level of grammar. Others have proposed that 

recursive structures evolve from the kind of 

structures that the Pirahã have – that they 

represent an earlier state – so there’s nothing 

really unusual about Pirahã language.

Does that imply they are less evolutionarily 

advanced than other people?

How do you evaluate “less advanced”: does 

it mean they’re stupid, or that their language 

perfectly fits their cultural needs and 

constraints? If you see that their language 

works exactly right in the cultural context and 

ecological mix in which they find themselves, 

then there is no sense in which they’re 

inferior. When Pirahã have been kidnapped 

and raised outside the village, they do just 

fine and even speak Portuguese, with plenty 

of recursion. So there’s no sense they’re 

biologically inferior or stupid. When I walk 

with them in the jungle, the Pirahã think I’m 

incredibly stupid because I don’t know my 

way back to the village, and I can’t recognise 

the behaviour of different animals, or kinds 

of trees. I have no idea of what they can be 

used for. Any Pirahã child knows all this stuff.

Would linguists do a better job if they got to 

know the people who speak the languages 

they are studying?

Field research is a vital part of being a linguist, 

and if language and culture really are 

interconnected in the way I’m saying, you can’t 

find that out by reading articles in your office. 

That includes Chomsky – I think he should have 

done more. Fieldwork is where the bulk of the 

lessons we’re going to learn are. Recently, Steve 

Pinker said that we all know culture doesn’t 

affect grammar in the way I say it does. I find 

that surprising when no one has investigated it. 

Has Chomsky changed his view at all?

In a sense. He doesn’t believe in all those 

specific rules he has proposed over the years, 

but he still believes grammar cannot be derived 

from any other cognitive capacity, and stands 

alone as a module of the brain that is encoded 

purely by genes. This is not going to change.

You have been branded a racist. Why?

It happened late in 2006. Brazilian river 

traders have said the Pirahã act like monkeys 

and talk like chickens, and I quoted them on 

a website somewhere. Maybe I wasn’t clear 

enough in condemning them for saying 

that. The people who made these criticisms 

of me know very well I don’t believe it, but 

they wrote to the Brazilian government. 

I don’t know what’s behind it. I called some 

of my friends in the government and they 

said there’s a full investigation going on 

and that the new powers in Brasilia want to 

block my access to the Pirahã until this gets 

straightened out. 

I have permanent residence in Brazil so 

they can’t bar me from going there, but when 

I leave, the rumours start up again and I don’t 

even know about them until they’re so far 

along it’s difficult to address them. This has to 

be sorted if any continuing research is going 

to be done, and it’s really crucial that it is.

What sort of a relationship do you have with 

the Pirahã?

I count them as some of my very best friends. 

They are wondering why I’m not there right 

now. The last time I left, one of the young 

men said: “I really like you, please don’t leave, 

just stay here.” Part of that is because I have 

medicine, but part of it is because I’m the only 

foreigner they know that just sits around and 

can talk to them.

Did your children play with the Pirahã children?

My daughters would take off in the morning 

in a canoe with Pirahã girls and be gone from 

almost sunup to sundown many times. And 

my son Caleb had his own little bow and arrow 

and would run off playing with the Pirahã 

children all day. They could all speak Pirahã at 

one time, but after many bouts of malaria we 

stopped taking them quite so much. 

Now they don’t know what to make of all 

the controversy. I have a daughter who’s in 

Brazil and she’s always being told: “You’re the 

daughter of that racist guy.” Caleb is assistant 

professor of anthropology at the University 

of Miami in Florida, and he’s done five years 

of his own fieldwork on another language 

in Brazil. He’s the best linguist in the family. 

He grew up in the village, so this is all second 

nature to him – the fieldwork and figuring out 

these languages.

It sounds like you were a close family in the 

Pirahã’s village.

Yeah, and that makes it very difficult because 

now two of my children aren’t speaking to 

me. They’re all very strong believers. My son 

is very intelligent, he knows all the arguments 

around Christianity, but he’s still a theist. 

He thinks I’ve made a fundamental error in 

abandoning that, and this is very painful.

Do you think they’ll come around to your way of 

thinking? Can you make amends in their eyes?

No, I don’t know how. They clearly all love 

me but they just don’t think it’s healthy for 

me to be around them or their children.

What does the future hold for you?

I have enough data collected on the Pirahã to 

occupy me and any number of researchers 

for years to come, so I’m trying to get funding 

to get it all onto the web, so people can do 

their own experiments with it and listen to 

the hundreds of hours of the language being 

spoken or sung. And I just got married again.

Do you ever think you might be wrong about 

the Pirahã?

I admit the possibility, but I don’t lie awake 

at night because I have done my very best. 

I’ve been honest about what I have claimed. 

The only thing that would keep me awake at 

nights is if I felt guilty that I had fibbed about 

something and was going to be found out. 

I think that what we need is more research 

programmes that look for exactly the 

connection between culture and grammar 

that I’m talking about.

What are you’re most proud of?

Oh, my three children.  ●

“Field research is vital 
for being a linguist. You 
can’t just read articles”
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EVOLUTION’S 
RUSSIAN DOLL

Neil Shubin writes compellingly about the transformation 
of fish into humans. But the story is about more than just 
genes, says Simon Conway Morris

■WHO doubts that of any 

science, evolution is the best 

at combining curiosity with 

admiration? Who can fail to be 

impressed by the realisation that 

the human body is a walking, 

talking monument to evolution; 

a palimpsest of all our ancestors 

from bacteria to fish to ape? Yet 

what should be an epic story has 

somehow failed to capture the 

popular imagination. Why else 

does a significant proportion of 

the world’s population – by no 

means all of whom live in the 

US – flatly disbelieve in evolution?

In a book that unpacks the 

history in our bones,   Neil Shubin, 

a distinguished evolutionary 

biologist based in Chicago , takes up 

the baton. As he seizes it, his hand, 

transformed from what was once 

a fishy fin, provides a powerful 

example of what evolution is 

capable of. At the same time 

Shubin lifts up his nose, swivels 

his eyes, appreciates music, 

ponders on the contortions of the 

male reproductive system, even 

addresses hiccups, and in each 

case he tells a compelling 

evolutionary story.

As Shubin points out, we could 

as easily have begun this epic as a 

yeast or a jellyfish, but by using 

the fish he focuses on how an 

aquatic torpedo transformed first 

into a sprawling amphibian then 

ultimately into ourselves: fins to 

fingers, gills to ears, scales to teeth. 

He walks the tightrope between 

mind-numbing complexity and 

patronising oversimplification 

with an agreeably light touch. By 

and large he gets the balance spot 

on, and the result is a deft 

synthesis of palaeontology, 

embryology and developmental 

biology. It is enlivened by personal 

stories, such as sharing a room 

with 25 corpses, and carrying out 

field work under threat of attack 

by polar bears, rip-roaring tides or 

territorial colleagues guarding 

their patch of fossil-rich desert. 

Shubin also brings the 

experimental method alive, 

explaining, for example, how to 

obtain DNA (and here I paraphrase) 

using liver, washing-up liquid and 

gin. Only occasionally does the 

style creak: labelling statocysts, 

organs of balance, as “tiny rocks” 

is not that helpful.

In treating humans as integral 

to the tree of life, rather than 

the tired trope of us being a tiny 

and insignificant twig, Shubin 

revitalises our evolutionary 

pedigree. In doing so he stresses 

how evolutionary differences 

are largely skin-deep, with 

developmental pathways that are 

strikingly conserved across species. 

Thus a sea anemone is more like 

a sister than a remote cousin. 

But here perhaps the book 

might have pondered matters a bit 

more deeply. After all, chimps and 

humans are nearly identical as far 

as our genomes are concerned, but 

who makes the dry Martinis? The 

answer reveals a paradox, because 

despite these conserved pathways, 

evolution is as much driven by its 

extraordinary sensitivities, where 

seemingly trivial changes at the 

molecular level can have profound 

consequences.

In every organism there is 

a sort of evolutionary Russian 

doll, hiding echo upon echo of 

vanished body plans. Evolution 

got us to where we are, but is that 

the end of the story? When Shubin 

dwells on the case of the protein 

collagen, of which your Achilles 

tendon is largely made, he lets slip 

that “molecules like these had to 

be invented”. Yet suppose such 

inevitability was generally true? 

If so, we might suggest that just 

as we have our inner fish, so 

conversely the fish also had our 

future written into its body .

Shubin writes as well as anyone 

on evolution, and doesn’t waste 

time tangling with the intelligent-

design brigade. But beneath the 

fluent narrative I sense a deeper 

uncertainty. As he describes how 

he was almost moved to tears on 

seeing a space capsule used on a 

moon mission, Shubin tries to 

articulate how he sees such 

scientific adventure as our future 

source of wonder. But will rockets, 

or indeed any technological 

paraphernalia, re-enchant our 

world? Shubin dismisses the idea 

of eyes as “windows into the soul” 

and urges us to abandon any such 

romantic vision in favour of 

“molecules, genes and tissues”. 

Maybe, but when I look into my 

lover’s eyes and murmur, “I adore 

your crystallins; I’ve never seen a 

Pax6 like yours,” she is strangely 

unimpressed. Let us celebrate 

evolution, but not by mapping a 

world that becomes increasingly 

arid and meaningless.  ●

Simon Conway Morris is a palaeontologist 
at the University of Cambridge. His 
upcoming book is Darwin’s Compass: How 
Evolution Discovers the Song of Creation

Separated by billions of years of 
evolution, yet surprisingly similar
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Your Inner Fish: A journey into the 3.5-billion-year history of the human body by Neil Shubin

“Every organism 
hides echoes of 
vanished body plans”
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Perspectives

Attacking astrology, New Ageism and religious 
fundamentalism is fun and profitable. The trouble 
starts when it distracts us from far more serious 
threats to reason, argues Dan Hind

The monster 
we don’t see

■ THE Enlightenment is in mortal danger 

from irrational forces. We know this 

because its self-styled defenders continually 

tell us so. Evolutionary biologist Richard 

Dawkins declares, in tones which make the 

flesh creep, that “primitive darkness is coming 

back”. Politician Dick Taverne warns that “the 

new Rome that science built is under siege by 

the barbarians”. In this magazine (8 October 

2005, p 39) we learn that “After two centuries 

in the ascendancy, the Enlightenment project 

is under threat. Religious movements are 

sweeping the globe preaching unreason, 

intolerance and dogma, and challenging the 

idea that rational, secular inquiry is the best 

way to understand the world.” 

Other forms of unreason join religion 

to threaten the enlightened inheritance. 

Scientific medicine faces a fight to the death 

with homeopathy, reiki and other snake oil. 

Postmodernism and New Ageism have also 

supposedly debauched the public’s capacity 

to make reasonable judgements. As a result, 

experts tell us, a new mood of distrust has 

undermined public faith in science – an 

unintentionally revealing form of words.

No one would want to deny the challenges 

to the Enlightenment that are posed by 

fundamentalist religion and the other forces 

of unreason. But if we consider the facts 

dispassionately, it becomes clear they do 

not deserve top billing among the enemies 

of free inquiry. In fact, the institutions 

that noisily lay claim to the enlightened 

inheritance – the corporation and the state – 

pose a much more serious, pervasive threat to 

reason. In recent years many honest scientists 

have discovered that their own employers can 

be far more effectively hostile to science than 

any of its self-declared enemies. 

First, let’s look at the corporations. They 

pose as the trustworthy guardians of science, 

yet when they deem it necessary they will 

manipulate research to ensure the results fit 

their marketing needs. They even suppress 

research results outright, with sometimes 

lethal consequences. These are not accidental 

and occasional failings: maximising profits is 

what corporations are for.

The pose of trustworthiness, for all its 

demonstrable falsity, reaps them vast rewards 

in the form of direct and indirect subsidies 

from the taxpayer. In the UK, for example, 

under a formula agreed by government and 

business at the end of 2004, 28 per cent of the 

money the National Health Service spends on 

branded drugs is earmarked to support R&D, a 

subsidy worth more than £2 billion every year.

The largest part of this money is spent 

looking for ways to transform diseases of 

affluence and lifestyle disorders into chronic, 

and therefore revenue-generating, conditions. 

In some cases this might be appropriate, 

but amid the sound and fury over New Age 

healing and homeopathy we rarely consider 

whether these highly profitable private 

institutions should be given control of so 

much taxpayer-funded research. And 

while scepticism about Big Pharma does 

not entail hostility to science, it is interesting 

that the two things are so often conflated.

Profile
Dan Hind is editorial director of The Bodley Head publishing 

in London and author of The Threat to Reason (published 

by Verso). This essay is based on a talk he gave in November 

2007 at the RSA (Royal Society for the Encouragement of Arts, 

Manufactures & Commerce) in London. 
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More generally, corporations work hard to 

convince us they have qualities and powers 

that they do not and cannot have. This reaches 

its apogee in the gold-plated contradiction 

of “corporate social responsibility”. Through 

advertising they ascribe various, entirely 

fictitious, life-enhancing attributes to 

the things they sell. They also promote 

uncertainty about the risks associated with 

their products. Elements in both the tobacco 

and processed-food sectors have done all they 

can to denigrate science when the consensus 

appears to threaten their business model. 

Their methods have been eagerly adopted 

by the energy sector to promote doubt about 

man-made global warming.

The other great patron of science, the state, 

also enthusiastically promotes unreason.  

In recent years we have seen concerted and 

highly effective campaigns by western states 

to promote false beliefs in target populations. 

These campaigns have made sophisticated use 

of polling techniques, marketing expertise 

and other devices. 

In the psychological warfare campaign that 

preceded the invasion of Iraq, for example, 

every effort was made to persuade Americans 

that Saddam Hussein was responsible for the 

attacks on New York and Washington in 2001. 

In the immediate aftermath of 9/11, 3 per cent 

of Americans mentioned Iraq or Saddam 

when asked who they thought might have 

been responsible. By March 2003, just before 

the invasion of Iraq, 52 per cent of Americans 

thought that the US government had found 

clear evidence of a link between Saddam and 

Al-Qaida. In 2006, 90 per cent of troops in Iraq 

thought the war was retaliation for Saddam’s 

role in 9/11. Self-consciously enlightened 

commentators often express dismay at the 

public’s appetite for baseless conspiracy 

theories. It would be easier to take this dismay 

seriously if they at least noticed that the most 

lethal conspiracy theory of recent years was 

concocted and promoted by the US state. 

Official secrecy makes it difficult to 

appreciate the full extent of state efforts to 

exploit public irrationality and undermine 

our capacity for reasoned decision-making. 

But we know enough to be sure that they have 

been extensive. For example, in the 1960s, 

the CIA planted material in an astrology 

magazine to convince the Vietnamese that 

South Vietnam’s President Diem had very 

“States make extensive 
efforts to exploit 
public irrationality”
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lucky stars. And western states have certainly 

collaborated with cults and fundamentalist 

sects when it suited them. The promotion of 

extreme forms of Islam by the US, the UK and 

their allies, especially in Pakistan and Egypt, is 

only the most conspicuous example of recent 

attempts to harness the “forces of unreason” 

to state interests.

None of this stops powerful institutions 

from claiming that their favoured policies are 

neutrally scientific and that their opponents 

are therefore irrational Luddites. Their 

hypocrisy is no less spectacular for being, 

for the most part, studiously ignored by 

responsible intellectuals and commentators. 

In such circumstances it is simple-minded in 

the extreme to imagine that the most serious 

threats come from outside the Enlightenment 

tradition. The conflicts between faith and 

reason, and science and the New Age, have a 

pleasing conceptual clarity. But if defending 

science from astrology and New Ageism feels 

urgent and brave, it all too often leads us to 

ignore or misconstrue more subtle, ruinous 

powers. The religiously sanctioned autocracy 

that Voltaire railed against in the 18th century 

no longer dominates intellectual life in the 

west. To act as if it does is to engage in a kind of 

historical – or hysterical – re-enactment.

I agree with Dawkins and Taverne and their 

many allies. Science as a humane endeavour 

faces growing threats. But if we are serious 

about defending what is most magnificent 

in the Enlightenment tradition, we must 

recognise that apparently reasonable agents 

promote unreason and suppress the truth 

when it suits their interests to do so. We must 

further acknowledge that they pose a more 

serious threat to the ideal of a rational public 

than the motley collection of cranks and 

frauds that so preoccupy Dawkins and others. 

We need not worry so much about the sprites 

and the goblins in the darkness. Our house 

may be brightly lit, but it is full of monsters.  ●

Public backing in the US for the invasion of Iraq relied 
on statements concocted and promoted by the state

R
O

N
 H

AV
IV

/V
II

www.newscientist.com 19 January 2008 | NewScientist | 47

Enigma
In transit
No. 1477 Susan Denham 

SIX air travellers had to change planes at 

Gatwick airport. Mr and Mrs Apex landed at 

08.00, Mr and Mrs Club landed at 08.10 and 

Mr and Mrs Economy landed at 08.15.

Then, one of the men and one of 

the women departed at 08.45, another 

man and woman departed at 08.55 and 

the remaining man and woman departed 

at 09.10.

All six people had a different 

length of time between landing and 

departing, with more than one husband 

having a shorter wait than his wife.

List the six names in increasing order 

of the time they spent waiting between 

landing and departing.

£15 will be awarded to the sender of the first 

correct answer opened on 20 February. The 

Editor’s decision is final. Please send entries 

to Enigma 1477, New Scientist, 84 Theobald’s 

Road, London WC1X 8NS, or to enigma@

newscientist.com (include your postal 

address). The winner of Enigma 1471 is Nigel 

Brumpton of Newark, Nottinghamshire, UK. 

Answer to 1471 Hidden values 

The value of VALUES is 18
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BookendsCommentary

THE toll of war is beginning to 

affect progress in science back 

home. Or perhaps it is just a 

coincidence that the UK and the 

US, the two Western countries 

most involved in Iraq, have just 

unveiled budgets that go a long 

way towards killing off frontier 

science funding in both countries.

In an omnibus funding bill 

passed in late December, Congress 

added $70 billion in extra money 

for the war. To pare down the rest 

by $22 billion, requested increases 

for three major physical science 

agencies – the Department of 

Energy’s Office of Science, the 

National Science Foundation, 

and the National Institute of 

Standards and Technology – were 

taken away. With this proposed 

level of funding, the American 

Association for the Advancement 

of Science has reported that federal 

investment in basic and applied 

research will grow by just 1 per cent 

in the 2008 financial year , far less 

than inflation, making it the fourth 

year in a row in which federal 

research investment has declined 

in real terms.

The effect on high-energy 

physics and fusion research will 

be nothing short of devastating. 

The country’s biggest high-energy 

physics lab –   Fermilab, near 

Chicago – faces major lay-offs, and 

a major experiment to detect 

neutrino oscillation has been 

axed . Three-quarters of the 

proposed funding for the 

ambitious International Linear 

Collider (ILC) has been cut, as has 

all US funding for   ITER, the 

international fusion project . 

University-based research 

programmes in particle physics 

are being decimated too, with 

support for graduate students and 

postdoctoral fellows disappearing. 

All this comes at a time when 

US competitiveness in forefront 

research, from physics to genetics 

and biotechnology, is under 

threat. In   a report released last 

year  , the National Academy of 

Sciences concluded that “in a 

world where advanced knowledge 

is widespread and low-cost labour 

is readily available, US advantages 

in the marketplace and in science 

and technology have begun to 

erode”. The report recommended 

doubling federal support for 

research in the basic physical 

sciences if the US is to remain 

globally competitive. The latest 

spending bill erases any gains 

made toward this goal. 

In the UK, particle physics 

and astrophysics face an even 

gloomier situation. The   Science 

and Technology Facilities 

Council announced last month  

that due to a £80 million cut in 

government research funding, 

British participation will cease in 

the ILC and in two major telescope 

projects, the Gemini telescopes 

in Hawaii and Chile and the Isaac 

Newton Telescopes on the Canary 

Islands. The UK appears to be 

cutting itself off from the future 

of these two fields and some 

university departments may be in 

danger of closing.

Whatever one’s views on the 

Iraq war, the question is whether 

rich countries like the UK and the 

US can afford to sponsor forefront 

basic science in hard economic 

times. Esoteric research is easy 

to cut because it is perceived to 

have no significant constituency, 

nor any immediate technological 

or economic spin-offs. Such 

arguments led to the death of the 

  Superconducting Supercollider 

Project  in the US in the 1990s.

But we should remember that 

the excitement generated by 

fundamental discoveries inspires 

young people to go into science 

and engineering careers in other, 

more practical areas, and that 

such discoveries can revolutionise 

practical technologies as well 

as our deeper understanding of 

nature. And as far as the latter 

is concerned, when considering 

national priorities for defence 

versus science spending it’s 

worth remembering the words 

of Robert Wilson, Fermilab’s first 

director. Asked by a congressional 

committee if the lab would aid 

national defence, he replied: “No, 

but it will help keep the nation 

worth defending.”  ● 

“The effect on high-
energy physics and 
fusion research will 
be devastating”

Cash-strapped 
and disillusioned

World lines  Lawrence Krauss Poly-math
Benjamin Franklin’s Numbers
by Paul Pasles, Princeton University Press, 
$26.95/£15.95, ISBN 9780691129563
Reviewed by Justin Mullins

EVERY American 

schoolkid knows 

Benjamin Franklin 

as a founding 

father of the United 

States, as well as an 

author, printer, 

scientist and diplomat. There is 

hardly a discipline on which 

Franklin did not stamp his mark 

during the 18th century. But the 

role that mathematics played in 

his life has been overlooked, 

argues Paul Pasles. Franklin, for 

instance, was fascinated with 

magic squares, and this book 

provides plenty of background 

to help the reader admire his 

interest. He was not a leading 

mathematician, but given his 

status it is perhaps inevitable 

that every detail of his existence 

is destined to be scrutinised.

Icons of evolution
How and Why Species Multiply
by Peter R. Grant and Rosemary Grant, 
Princeton University Press, $35/£19.95, 
ISBN 9780691133607
Reviewed by Henry Nicholls

DISTILLED into 

200 pages, this is 

the life’s work of 

two of evolutionary 

biology’s greatest 

advocates, Peter 

and Rosemary 

Grant. For 35 years they have lived 

and worked in the Galapagos, 

where they studied Darwin’s 

famous finches in extraordinary 

detail, witnessing colonisation, 

adaptation, extinction and the 

origin of species. In this book 

they meld insights from 

geography, behaviour, ecology 

and genetics to paint a complex 

but compelling picture of the 

evolutionary process. Not a racy 

read, but still a must-have 

primer for any biology student. 

Bookends
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Feedback–

HIGH on the list of technology 

launches we didn’t mind missing in 

2007 was the debut of Kaoru Digital 

Signage in front of the Kirin City Beer 

Hall in an underground Tokyo mall. 

From mid-October until the end of 

the year, a digital advertising display 

built by the Japanese phone company 

NTT entertained passers-by with an 

image of a glass of beer while an aroma 

diffuser wafted citrus-scented oils 

through the air. Lemon and orange 

smells, according to an NTT press 

release, are “associated with beer”, 

which is presumably why they were 

chosen to lure people in to buy a 

pint or two. 

NTT says the scent generators can be 

placed in retail stores, cafes and office 

lobbies, “reflecting the growing trend 

to use aromas as an active marketing 

tool”. That’s as may be, but we can’t 

help thinking that this particular effort 

is somewhat wide of the mark. The only 

citrus Feedback can recall associated 

with beer is a slice of lime stuck into 

a bottle of Mexican lager. Apart from 

that, our citrus scent associations are 

with the chemicals added to washing-

up liquids, toilet cleaners, plastic 

garbage bags and cough drops, none of 

which resembles beer in the slightest. 

Exactly what have Japanese 

marketing executives been drinking 

lately? Whatever it is, we’d rather not 

have any.

WE ARE are a little puzzled by the tourism 

brochure picked up by James Field in 

the picturesque north Wales village of 

Portmeirion, and by the website putting 

out the same information at www.tentop.

co.uk. Both are headlined “Ten Top 

Attractions” and are subtitled “Top places 

to visit in North Wales”. To underline the 

concept, both feature an illustration of 

two hands with the digits outstretched 

and, yes, there are five digits on each hand 

making a total of 10 between them. Yet 

both brochure and website list not 10 but 11 

attractions. The website even has a map on 

it with a red blob for each attraction, and 

there are quite clearly 11 blobs. 

Did nobody notice this in the various 

stages of the brochure and website’s 

preparation? Or did they notice and decide 

it didn’t really matter? Or is there some 

other explanation that hasn’t occurred to 

us yet? We’d love to know.

LIKE most large companies, Jeff 

Karpinski’s internet provider Verizon 

obliges customers to listen to a 

machine rather than a human being 

when they phone its helpline. This 

one offers a number of options, such 

as assistance with billing or resetting 

passwords, and Karpinski says that for 

most of the options the advice given 

is straightforward and sensible.

Not so, however, when he selected 

the option “Can’t connect to the 

internet”. The response was a cheerful 

recorded voice telling him to log on 

to Verizon’s website for advice about 

restoring his connection. Karpinski 

observes that this is about as useful 

as telling someone whose car won’t 

start to drive to a garage to find out 

what’s wrong with it.

WHICH is the easier to move around – 

a PC or a mobile phone? When Alex 

Urquhart was setting up a Packard Bell PC 

for a relative he was surprised to be told 

by the manual to “make sure that the 

computer is kept at least 30 centimetres 

away from a mobile phone”. Wouldn’t it 

be simpler, he thought, first to position the 

computer and then move any offending 

phones to a suitable distance?

PALAEONTOLOGISTS, according to   an 

item in Science & Consciousness Review  

that Richard Valentin has alerted us 

to, started searching for fossils of 

the great apes’ancestors long before 

the great apes came into existence: 

“Genetic studies suggest that humans 

and great apes split from a common 

ancestor about 8 million years ago, 

but palaeontologists have struggled 

to find fossils for the ancestors of 

modern African great apes for the past 

13 million years.”

JUST after passing Perth on the A9, the main 

road south from the Scottish highlands, 

there is a sign at the entrance to a farm 

that reads “Bag your own manure”. Peter 

Ferguson suggests that “while this may be 

excellent advice to those walking in the 

hills, I do struggle to see its relevance to 

those speeding past in their cars”.

FINALLY, the leaflet Philip Harper 

received from the Nationwide Building 

Society carried a stern warning not 

to fall for phishing emails. Prominent 

in the advice it contained on how to 

recognise such bogus communications 

was: “telltale signs… include spelling 

mistakes and poor grammar”. Below 

this, the leaflet went on to stress 

that it followed security procedures 

“to ensure neither you or us are 

compromised”. Was the leaflet itself a 

phishing exercise, he asks.

You can send stories to Feedback by email 

at feedback@newscientist.com. Please 

include your home address. This week’s and 

past Feedbacks can be seen on our website.
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THE cooked chicken Mike Barraclough bought from 
a Somerfield supermarket came with the instructions 
to “shake well before use”. Perhaps the sage and onion 
stuffing settles in transit, Barraclough suggests
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The last word–

LIFE GLUE
What causes cells to stick together in 

the human body rather than simply 

fall apart?

●  Cells in the body are organised in 
tissues that are held together through 
a variety of molecular interactions. 
On the one hand, cells interact with 
each other. This is a very specific 
interaction mediated by various 
families of adhesion molecules called 
  cadherins , neural cell adhesion 
molecules and intercellular cell 
adhesion molecules. These are all 
expressed on the surfaces of cells and 
anchored in the cytoskeleton of each 
cell, an arrangement which stabilises 
and gives strength to interactions 
between cells.

On the other hand, the body’s 
tissues are not made up solely of cells, 
but of an intricate network of 
macromolecules too, called the 
extracellular matrix. It supports the 
assembly of cells and is composed of 
a great variety of polysaccharides and 
proteins, mainly produced locally by 
cells called   fibroblasts . 

These macromolecules are 
combined into an organised mesh 
and, depending on the proportions of 
its components, the matrix can adopt 
diverse forms adapted to particular 
functional requirements. For example, 
it can be calcified and hard as in the 
bones and teeth, transparent as in 
the cornea, or elastic and strong as in 
the tendons. The main components 
of the matrix, which determine its 
properties, are fibre-forming proteins 
that can be structural (collagens and 
elastin) or adhesive (fibronectin 
and laminin). 

Cells adhere to this complex 
scaffolding through surface receptors 
called   integrins  that are anchored in 
the cell cytoskeleton and bind to 
the matrix components. Though 
integrins are densely packed on the 
cell surface, they have a relatively 
low affinity for interacting with the 
matrix components. This allows the 

cells to move within the matrix 
without losing their grip completely, 
meaning that it is, in effect, a rather 
flexible glue. 

However, the interactions 
between integrins and matrix 
components have a deeper purpose 
than just holding the cells in place. 

Almost like antennae, they can 
transmit messages to the cell about 
the microenvironment to which it 
needs to adapt, and so influence cell 
shape, movement and function.

There are of course also cells in the 
body that remain free. These are the 
components of the blood: red and 
white blood cells and platelets that 
normally float in the bloodstream, 
delivering oxygen to the tissues and 
surveying for invading microorganisms 
and wounds. These cells are capable 
of attaching themselves to other cells 
or tissues at will. For example, the 
encounter of a platelet with a wound 
activates the integrins of the platelet, 
enabling it to bind to fibrinogen in 
the blood vessel and initiate the 
aggregation process that forms clots 
and stems bleeding.
Alena Pance
Department of Biochemistry
University of Cambridge, UK

THIS WEEK’S QUESTIONS
That’s the spirit

After painting, I washed my brush in 
white spirit and wiped it on a paper 
towel. Later I noticed the towel was 
covered in flies, that apparently 
suffered no harm (see Photos). They 
stayed there for at least an hour. What 
kind of flies would be attracted to 
white spirit? I later found more flies 
drowned in a jar of white spirit some 
distance away.
Andrew Richardson
Pembury, Kent, UK

Middle-age spread

Why, as we age, do we find it easier 
to gain body fat and, of equal 
importance, why is it so much 
more difficult to get rid of it?
Andy Gravelius
London, UK

“The encounter of a platelet 

with a wound helps to initiate 

the aggregation process that 

leads to clot formation”

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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