




Editorial–

CARE to hazard a guess which country is the 

third largest emitter of greenhouse gases after 

the US and China? Chances are you didn’t 

think of Indonesia. It is in the big league of 

global polluters partly because it is destroying 

its rainforests, but more importantly because 

it is draining its peat bogs. Newly drained bogs 

on the island of Sumatra are releasing more 

carbon dioxide than western cities of a 

comparable size. Often the bogs are drained 

to grow palm oil for use as biofuel in Europe. 

Here’s the tragedy: draining a hectare of bog 

emits 30 times as much carbon dioxide as is 

saved by burning the biofuel produced from 

it in place of fossil fuels (see page 50).

Clearly this is madness, but we should 

have seen it coming. It stems from the fact 

that the Kyoto protocol addresses some of our 

interventions in the planet’s carbon cycle yet 

ignores others. For example, Europe is covered 

by emissions targets, whereas Indonesia and 

other developing nations are not. Likewise, the 

protocol is tough on emissions from burning 

fossil fuels but takes little account of those 

from natural ecosystems. 

Many scientists argued that this made no 

sense a decade ago when the protocol was 

being negotiated. Every source of carbon and 

every sink should be accounted for, they said, 

precisely to avoid the kind of situation that 

has arisen in Indonesia. They were ignored 

because measuring the movement of 

greenhouse gases between the atmosphere 

and natural ecosystems is far harder than 

counting the tonnes of fossil fuels we burn. 

But since then the science has improved, and 

it’s now clear that carbon sources such as bogs 

must be accounted for if we’re to have any 

chance of keeping global emissions in check.

Next week there will be a chance to put 

things right, when signatories to the Kyoto 

protocol meet on another Indonesian island, 

Bali, to begin negotiations on the protocol’s 

successor. The Indonesian government plans 

to use the 12-day meeting to promote the idea 

that tropical countries should benefit from 

protecting their natural carbon stores from 

deforestation and drainage. They could win 

carbon credits, just as rich nations do for 

cutting emissions below their Kyoto targets. 

The idea has received wide backing from both 

developed and developing nations.

There is something crucial missing, however. 

Rich nations face penalties if they don’t make 

their targets: they must buy carbon credits to 

make up any difference. Indonesia’s proposal 

is all carrot and no stick: developing countries 

that carry on deforesting and draining, or fail 

to keep fossil fuel emissions in check, will face 

no penalties. One likely consequence is that 

the market in carbon credits will be swamped 

with an oversupply of credits and too few 

purchasers. Prices would crash and there 

would be few 

incentives to avoid 

emissions of any sort.

There is a way out: 

make each country 

responsible for all its 

carbon emissions, so 

that targets would be 

based on a country’s 

total carbon output, 

industrial as well as 

natural. Developing 

countries with large natural carbon sources 

will say this is unfair, and they have a point. 

When you account for Indonesia’s peat bogs, 

its per capita carbon emissions are not much 

below those of European countries, yet most 

Indonesians are responsible for far less 

emissions than the average European. Some 

allowance must be made to ensure that any 

targets system does not discriminate against 

poorer countries’ development.

Yet for most developing countries, a 

scheme of credits and penalties based on total 

per capita emissions would be an incentive, 

and would help redress a situation in which 

the world’s half-billion richest individuals – 

just over 7 per cent of the global population – 

are responsible for half of all carbon dioxide 

emissions from burning fossil fuels, while the 

3 billion poorest are responsible for just 7 per 

cent. It could tie in with the recent proposal 

from German chancellor Angela Merkel that 

national emissions quotas should eventually 

be based strictly on population size, with per 

capita emissions of rich nations falling until 

they meet the rising emissions of poor nations.

This is not all going to be resolved in Bali. 

But delegates should have the central message 

in mind: that to stabilise climate we need 

targets that are both fair and tough, and that 

account for all emissions, whether from a 

power station or a peat bog. The atmosphere 

does not discriminate: a tonne of carbon 

dioxide is bad news whatever its source.  ●

“A newly drained 
peat bog releases 
more carbon 
dioxide into the 
atmosphere than 
a western city of a 
comparable size”

Beyond fossil fuels
The Kyoto protocol’s successor must address all sources of carbon emissions
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 News in perspective

Upfront–

the events that cost more than 

$5 million in claims, and adjusted 

all figures for inflation. 

The average payout per state 

has fluctuated over the last 

50 years, but the period of 1999 

to 2003 saw the highest costs of 

storm damage (Natural Hazards, 

DOI: 10.1007/s11069-007-9148-8).

Changnon puts this mainly 

down to increasing urban sprawl. 

“What was farmland 50 years ago 

is now suburbs,” he says, where 

storm damage costs more. 

The US National Academy 

of Sciences rates insurance loss 

data as the best available measure 

of the damage caused by 

natural disasters.

THE anti-smoking drug Chantix is 

to be investigated by the US Food 

and Drug Administration after 

reports linked it to suicidal and 

violent behaviour. It has been on 

the US market for 18 months .

The case of Carter Albrecht of 

Dallas, Texas, who was shot dead 

while trying to break into a house, 

has focused attention on the drug. 

Albrecht’s family say he was in a 

fit of rage at the time, which they 

link to his use of Chantix.

An autopsy showed that 

“GLOBAL warming: blame the 

forests.” Panicky headlines 

greeted the shock discovery last 

year that plants emit the powerful 

greenhouse gas methane. This 

was followed by relief all round 

as the  original researcher,  Frank 

Keppler , revised his estimate 

downwards and   another 

experiment ruled it out . Did we 

relax too soon?

It seems some plants do 

produce methane – but only 

particular species, and not much 

of it. Zhi-Ping Wang  of the Chinese 

Academy of Sciences in Beijing 

and colleagues took samples of 

44 different species of plants 

growing around a research station 

in Inner Mongolia, sealed them in 

chambers and measured the gases 

they released. A woody shrub, 

Achillea frigida, released small 

amounts of methane 

(Environmental Science & 

Technology, DOI: 10.1021/

es071224). “This is the most robust 

proof of the process that Keppler   

discovered,” says Jay Gulledge of 

the Pew Center on Global Climate 

Change in Arlington, Virginia, a 

co-author of the  report. 

Woody shrubs are encroaching 

into some ecosystems as a result 

of global warming, but Gulledge 

isn’t worried, and says plant 

methane emission need not be 

included in climate models. 

“Regardless of how much 

methane the plants emit through 

this process, it is nonsense to 

suggest that they are contributing 

to global warming,” he says. Now 

the search is on for a mechanism 

to explain how the plants produce 

methane, something it was 

thought only bacteria could do. 

WITH the hurricane season 

officially over on 30 November, 

those living in affected parts of 

the US might be tempted to 

breathe a sigh of relief. The 

bad news, however, is that 

people are increasingly making 

their home in areas vulnerable 

to winter storms. 

So says climatologist Stanley 

Changnon, former chief of the 

Illinois State Water Survey, who 

analysed the sums paid out by 

insurance companies between 

1949 and 2003 for damage caused 

by blizzards, snowstorms and 

ice storms. He considered only 

Want to find out what whales eat? 

There’s no need to cut them open, just 

wait until they relieve themselves.

One of the reasons given by the 

Japanese government for its “scientific” 

whaling programme is to learn more 

about the animals’ diet. Now Stacy 

DeRuiter at the Woods Hole 

Oceanographic Institution in 

Massachusetts and her team have 

developed a way of investigating diet by 

identifying mitochondrial DNA from the 

remains of the prey in a whale’s faeces. 

The team has collected samples from 

several cetacean species and discovered, 

for example, that faeces from Blainville’s 

beaked whale contain DNA evidence 

of bony fish, including gulper eel. It 

had been thought to dine primarily 

on squid.

TAKING THE ‘DIE’ OUT OF DIET
“It’s now certainly the case that we 

can get as good diet information from 

DNA analysis of faeces as we can from 

dead whales – probably better,” says 

Simon Jarman of the Australian 

Antarctic Division in Kingston, Tasmania, 

who also analyses excreted DNA. 

  Few scientists believe Japan’s 

whaling programme has much to do 

with science . Jon Copley, a marine 

biologist at the University of 

Southampton in the UK, says that in 

2006 there were 488 papers on whales 

on the ISI Web of Knowledge database. 

“Only 0.8 per cent of these came from 

Japan’s whaling programme or involved 

techniques that required euthanisation.”

DeRuiter reports her results this week 

at the Society for Marine Mammalogy’s 

conference in Cape Town, South Africa.
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“It is nonsense to suggest that 
by emitting methane plants 
contribute to global warming” 

–Love me doo-doo–

More on hot air Winter warning

Tarred cure
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60 SECONDS

Gene therapy reprieve
An experimental gene therapy trial 

to treat arthritis is to continue despite 

the death of a patient. The trial was 

suspended in July after the death of 

36-year-old Jolee Mohr, but the US Food 

and Drug Administration concluded on 

26 November that Mohr died from a 

fungal infection completely unrelated 

to the gene therapy, which was 

developed by Targeted Genetics 

of Seattle, Washington.

Cancer-defying mouse

By equipping mice with extra copies of 

a gene called Par-4, researchers at the 

University of Kentucky have made them 

immune to cancer. Vivek Rangnekar 

and his colleagues suggest adding the 

gene to the bone marrow cells of 

patients (Cancer Research, DOI: 

10.1158/0008-5472.CAN-07-2124).

Bone dry Melbourne

The discovery of dinosaur bones on a 

beach near Melbourne could delay the 

city’s billion-dollar plans to combat the 

harsh Australian drought. Construction 

of a huge desalination plant to supply 

Melbourne with 150 billion litres of 

water per year was due to begin in the 

area next year but may be held up while 

palaeontologists survey the 115-million-

year-old bones of marine reptiles.

Toads in a hole

A fungus that has devastated 

amphibian populations in Australia 

and South America is likely to do the 

same in the UK if it survives in pond 

water for more than seven weeks, 

according to a computer model. At 

present, the chytrid fungus is confined 

to toads in Kent, but could cause 

extinctions within 10 years if it persists 

and spreads (Proceedings of the Royal 
Society B, DOI: 10.1098/rspb.2007.1356).

Stuck on Mars

NASA’s rover, Spirit, has driven into 

what appears to be loose soil, with the 

Martian winter fast approaching. As 

New Scientist went to press, engineers 

were  attempting to free it. They hope to 

roll the rover to a safe spot by January.

Albrecht had been drinking, and 

the FDA says that similar factors 

may explain the reports of violent 

or suicidal impulses from other 

users. Chantix is taken by 

smokers who have quit, and it 

has been claimed in the drug’s 

defence  that the ensuing nicotine 

withdrawal symptoms may 

exacerbate any underlying 

psychiatric illness. But the FDA 

also notes that the side effects 

have been reported by Chantix 

users who have not stopped 

smoking and by users with no 

record of psychiatric illness.

Chantix, made by Pfizer, was 

recommended for use in the UK 

in May by the National Institute 

for Health and Clinical Excellence.

IT WAS a disastrous day for flying 

foxes. On 12 January 2002, at least 

3500 of these fruit bats dropped 

dead from heat exhaustion as 

temperatures along Australia’s 

eastern coast rose to almost 43 °C, 

some 14 °C higher than normal for 

that time of year. 

Stefan Klose of the University of 

Ulm in Germany and colleagues 

have been analysing the effects of 

extreme temperatures and the 

threat they pose to species survival. 

They conclude that if warming 

continues unabated, grey-headed 

flying foxes and black flying foxes 

face extinction “this century” 

(Proceedings of the Royal Society B, 

DOI: 10.1098/rspb.2007.1385). 

“It is a striking experience to 

see   the effects of climate change 

right in front of you , in the form 

of a dying vertebrate falling from 

a tree, along with thousands of 

others,” he says. The disappearance 

of the fruit bat would have serious 

knock-on effects, as they are key 

pollinators and seed dispersers. 

The impact on their survival 

prospects is all the worse because 

females and young were most 

seriously affected, the team found.

Klose warns that smaller, 

less conspicuous animals may 

have been dying without anyone 

noticing. “Not all vertebrates 

fall from trees when they die 

in heatwaves,” he says. 

BULGARIA is poised to build the 

first Russian-designed nuclear 

power plant in the European 

Union. However, the site was 

rejected in the 1980s because 

it was prone to earthquakes.

The proposed site, at Belene, is 

near an active fault, according to 

Gueorgui Kastchiev, the former 

head of Bulgaria’s nuclear plant at 

Kozloduy – where four of the six 

Russian reactors have been 

deemed unsafe and shut down.

Last week, Kastchiev argued 

that the site was rejected in the 

1980s by the Bulgarian Academy 

of Sciences and Soviet experts. 

In 1977, an earthquake killed 

120 people in a village 15 kilometres 

away. Also, Kastchiev says, the 

design is untested, and Bulgaria 

has a poor safety culture. 

Bulgaria’s National Electricity 

Company denies that the region 

is prone to serious earthquakes. 

In the next few weeks, a 

European Commission panel is 

expected to issue a favourable 

report on the proposed nuclear 

plant, which would help the 

country win much-needed 

construction loans. 

“The proposed nuclear site 
was rejected in the 1980s as 
it was prone to earthquakes” 

Australia has become a little greener.

Within days of decisively winning 

the general election on 24 November, 

Kevin Rudd, head of the   Australian 

Labor Party  and incoming prime 

minister, announced his intention to 

ratify the Kyoto protocol on climate 

change. Australia would sign up within 

weeks, he said, securing his country the 

opportunity to participate in all 

negotiations at next week’s climate 

change meeting in Bali, Indonesia.

This about-turn further isolates 

the US, the world’s largest emitter of 

greenhouse gases, which under the 

Bush administration will remain one of 

two nations with significant emissions 

not to sign up to the Kyoto treaty. The 

other is Kasakhstan.

Commentators say voters were 

influenced by a perceived lack of 

concern for the environment by 

outgoing prime minister John Howard, 

who held the post for 11 years as head of 

the   Liberal Party of Australia . The Labor 

Party won by a 6 per cent margin of the 

vote. Howard proudly called himself a 

climate-change sceptic, but as Australia’s 

drought of the century continued to 

bite (New Scientist, 13 June 2007, p 8) 

and the public became increasingly 

concerned about global warming, 

Howard made a surprise announcement 

in July that Australia would have its 

own   “cap and trade” carbon 

reduction scheme .

  The Australian Greens , the country’s 

environmental party, also received a 

record vote, although not as large a 

shift as some polls had predicted.

A GREEN AND AUSTRALIAN LAND
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–Rudd: a breath of fresh air–

Bat into hell

On shaky ground
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This week–

IMAGINE a healthcare system 

in which drug companies only 

get paid for a course of treatment 

if it works as planned. That’s 

the approach behind a ground-

breaking agreement finalised this 

year between the manufacturer of 

Velcade, a drug for a type of blood 

cancer, and the UK’s publicly 

funded health agencies.

The hope is that this 

agreement, together with a series 

of other initiatives, will help to 

tackle a crisis facing healthcare 

systems across the western world 

as the cost of new cancer drugs 

spirals. Prices are now so high that 

many people with the disease are 

being denied drugs altogether.

Take breast cancer. Recently, 

people with certain types of early-

stage breast cancer in the UK, 

New Zealand and Australia had 

to pay up to US$70,000 of their 

own money for a year’s treatment 

with the drug Herceptin. Only an 

outcry from patients forced the 

health systems in these countries 

to pay for the drug. Even then, the 

New Zealand government chose 

to fund only a nine-week course, 

with patients having to make up 

the difference if their doctors 

prescribe a full year’s treatment. 

In the US, it costs up to $250,000 

to buy drugs that will extend the 

life of someone with advanced 

colon cancer by an average of just 

22 months. In Sweden, high prices 

mean that a maximum of 1 in 5 

people with the disease receive 

the drugs they need.

These are extreme cases, but 

each new generation of cancer 

drugs comes with a similar set of 

stories. “We have skyrocketing 

prices,” says Nils Wilking, an 

oncologist at the Karolinska 

Institute in Stockholm, Sweden. 

Earlier this year, Wilking and 

Bengt Jönsson of the Stockholm 

School of Economics published an 

analysis of who gets access to new 

cancer drugs in the 25 countries 

that make up the world’s major 

pharmaceutical markets (Annals 

of Oncology, vol 18, p iii1). “We 

could end up in the situation 

where drugs are only developed 

for a portion of wealthy people 

around the world,” Wilking says.

To address the issue of unequal 

access, we need to understand why 

prices have escalated, Wilking says. 

Whereas older cancer drugs worked 

as blunt instruments – they killed 

many types of cell, not just those 

that were cancerous – the drugs 

now appearing are touted as being 

much more precise. They target 

chemical pathways that stimulate 

cancer growth, or encourage the 

immune system itself to destroy 

cancer cells. The high expectations 

these new drugs bring have allowed 

pharmaceutical companies to 

inflate their prices. The main 

objective of the companies is, after 

all, to make a profit – and the 

pharmaceutical industry is among 

the most profitable in the US.

“These drugs were going to 

cure people, dramatically 

increasing how long people lived. 

They were going to do away with 

one of the scariest words in the 

English language, ‘chemotherapy’,” 

says Leonard Saltz of the Memorial 

Sloan-Kettering Cancer Center in 

New York City. If that happened, it 

would be a huge step forward. The 

problem, says Saltz, is that the 

drugs are not living up to 

expectations. “We are paying for 

the promise, not for what we got.” 

Those sky-high prices add B
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This week–

 International news and exclusives

RACHEL NOWAK, MELBOURNE
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Cancer drugs we 
can all afford
An innovative pay-by-results deal could pave the way 
for more patients to get access to costly new therapies 
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significantly to the burden of the 

disease. In the US, 1 in 8 cancer 

patients have defaulted on debt 

payments due to their treatment 

costs and have been contacted 

by a debt collection agency, 

according to a survey in 2006 

by the non-profit Kaiser Family 

Foundation, even though they 

have some form of health 

insurance. For those without 

insurance, the proportion is far 

higher. There are also concerns 

that publicly funded healthcare 

agencies, including Medicare in 

the US and the NHS in the UK, are 

finding it increasingly difficult to 

afford the expensive drugs that 

patients now widely demand.

That has led to a radical rethink 

on how to fund cancer drugs. In 

the UK, the National Institute for 

Health and Clinical Excellence 

(NICE), which assesses whether a 

drug is cost-effective, last year 

rejected Velcade as too expensive. 

Velcade, which is used to treat the 

second most common form of 

blood cancer called multiple 

myeloma, doesn’t work for 1 in 3 

people with the disease. For those 

that it does help, it extends life by 

an average of less than 12 months.

Early this year, the drug’s 

manufacturer, Janssen-Cilag, 

proposed the pay-for-performance 

deal. After months of negotiations, 

its final form was announced in 

October: the NHS will pay over 

£24,000 for each successful 

course of the drug for patients 

who have tried one other therapy 

but relapsed. Crucially, it will only 

pay if blood tests indicate that the 

drug is working.

Deals like this will likely remain 

rare, not least because it is often 

impossible to measure which 

patients are responding to a drug. 

The Velcade case nevertheless 

illustrates an important point, 

says Alan Garber of the Center for 

Health Policy at Stanford 

University in California. “If there 

is a clear signal that the market is 

changing, the drug companies will 

adapt,” he says, though he warns 

that the process will take time. 

The changing nature of the 

market is borne out by Wilking 

and Jönsson’s analysis, which 

found that it has become more 

common for agencies to assess 

the cost-effectiveness of drugs. 

The result so far has tended to 

be to reduce access to new 

therapies rather than drive 

down prices, they say.

One way to cut costs that does 

not require the cooperation of 

drug firms is to use their products 

more efficiently. Oncologist Ian 

Haines of Monash University in 

Melbourne, Australia, suggests 

that when drug companies set up 

clinical trials, they tend to use the 

maximum tolerated dose rather 

than the minimum dose that 

might be effective. For example, a 

clinical trial of Herceptin by the 

company that developed the drug, 

Genentech of San Francisco, 

suggested that it should be taken 

for one year. An independent, 

though smaller, Finnish trial 

suggests it might be equally 

effective to take the drug for just 

nine weeks, and that by doing so 

patients may suffer fewer heart 

problems, one of Herceptin’s 

acknowledged side effects, Haines 

wrote in September in a letter to 

the   Journal of Clinical Oncology 

(vol 25, p e31) .

“The world has changed with 

these new drugs,” agrees Kate Law, 

head of clinical trials at Cancer 

Research UK. “We are feeling our 

way, and no one knows how long to 

give a drug for, and at what dose.”

Identifying exactly how much 

of a drug is needed is an obvious 

way to cut costs. The result might 

be to cut into the manufacturers’ 

profits, so they are unlikely to run 

such trials themselves unless they 

are made a condition of the drug 

being approved. “Governments 

and healthcare providers and 

professionals should not sit back 

and relax once a drug is 

approved,” Wilking says. “They 

need to be more active in 

conducting post-marketing 

studies that address questions 

that are not just in the interests of 

the pharmaceutical companies.”

Such trials are now starting to 

be set up independently of the 

companies, Law says. This 

October, a UK government-funded 

trial run by the clinical trials unit 

at the University of Warwick 

started recruiting patients to test 

whether a six-month course of 

Herceptin is any less effective 

than a course lasting a full year.

Such measures might cut the 

cost of new cancer drugs, but 

meanwhile health agencies, 

doctors and patients continue to 

be faced with some stark choices. 

“It’s not pretty,” says Saltz. “We are 

getting to the point where you can 

say to a patient with advanced 

colon cancer: ‘Sir, I can give you 

11 months at $500 – the current 

cost of drugs for treatment that 

was standard 12 years ago – or 

with today’s drugs, I can give 

you 22 months at $250,000’. 

That is becoming the reality.”  ●

 In this section
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“Sir, for $500 I can give you 

11 months to live; or with today’s 

drugs, I can give you 22 months 

but it will cost $250,000”

–Survival, but at what price?–
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FOR THE POOR IT’S EVEN WORSE
When someone in one of the world’s 

poor countries gets cancer, they are 

unlikely to receive treatment to either 

cure it or control the pain. “There 

has been a nihilistic attitude to cancer, 

that you can’t do anything about it,” 

says Stuart Brown of the   International 

Network for Cancer Treatment and 

Research  in Brussels, Belgium.

That attitude will have to change. 

As populations age, and more people 

smoke and eat westernised diets, by 

2020 there are expected to be more than 

150 million extra cancer cases in low and 

middle-income countries than in 2000. 

Use of opioids to control cancer pain 

was avoided for years, in part due to 

misplaced concerns about drug addiction. 

Palliative programmes are now becoming 

more common, but there is still a long 

way to go. Radiation therapy is essential 

for reducing cancer pain, but some 

20 countries, mostly in Africa, don’t 

have a single radiotherapy machine.
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This week–

AT INDIA’s largest burns centre 

in Victoria Hospital, Bangalore, 

GLOBAL warming is starting to sting – 

literally. Last week millions of baby mauve 

stinger jellyfish, in a swarm 26 square 

kilometres in area and 10 metres deep, 

drifted into a salmon farm in the Irish 

Sea, killing all 100,000 fish. 

Fish farmers can do almost nothing 

to defend against such swarms, as small 

jellyfish – or the tentacles of larger ones, 

detached but still stinging – are swept by 

currents into the salmon cages, where 

the fish die of stress.

More swarms have been spotted 

along British coastlines as far north 

as Shetland. The mauve stinger, a 

Mediterranean species, has been 

increasingly turning up in UK waters in 

recent years, but this autumn’s numbers 

are unprecedented. What’s more, this 

isn’t supposed to be the season for babies.

It is now.   Warmer seawater is boosting 

mauve stinger numbers in the Med  by 

increasing winter survival and perhaps 

lengthening the breeding season. It is 

also allowing them to move north. 

Jellyfish in general are doing well 

out of global warming, not only because 

of warmer water and favourable winds 

but also because carbon dioxide has 

made seawater more acidic, which harms 

small creatures with acid-soluble shells 

that compete with jellyfish. 

Meanwhile overfishing is removing 

vertebrates that eat jellyfish. The animals 

also gobble baby fish, preventing stocks 

from recovering. Fisheries scientists have 

  warned for years that we are replacing an 

ocean full of fish with one full of jellyfish  – 

which few creatures eat – meaning this 

could even affect the global carbon budget.

The more immediate worry is for the 

107 million tonnes of fish and shellfish 

people eat each year. With wild fisheries 

maxed out, the UN Food and Agriculture 

Organization warned last week, the 

additional 37 million tonnes we will 

need by 2030 to feed the predicted 

human population will have to come 

from fish farms, even if existing wild 

fisheries stay the same. If wild fish stocks 

decline , that need will increase.

It’s a vicious circle. Overfishing 

means we need more fish farms and 

it also boost populations of jellyfish, 

which damage fish farms. As the 

growing human population needs 

more food, it exacerbates warming, 

and inedible jellyfish prosper.  The final 

irony is that small plankton-eating fish, 

which compete most directly with 

jellyfish and whose decline aids them 

most, are also being overfished – largely 

to make fishmeal, the main food for 

fish farms.  Debora Mackenzie  ●

Why jellies love 
global warming
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FILIAL cannibalism – eating one’s 

own offspring – is hardly the most 

caring thing a parent can do, but 

ironically may have helped the 

evolution of parental care.

That’s the message from a 

computer model which analysed 

how cannibalism and parental 

caring could evolve. “What comes 

out is that they can co-evolve for 

different reasons, under different 

conditions,” says Michael Bonsall 

at the University of Oxford, who 

developed the model with Hope 

Klug of the University of Florida 

at Gainesville.

The pair devised a hypothetical 

egg-laying species, with hatchlings 

that developed into juveniles –

which could benefit from care – 

before reaching adulthood. At the 

start of the simulation, neither 

cannibalism nor parental care 

existed in the population. The 

researchers then observed what 

happened when they introduced 

“mutants” into the population 

that cannibalised or cared for 

their offspring, or both. The 

researchers could also vary 

the environment. 

When food was scarce, the 

population opted either for 

cannibalism or caring, but not 

both. When food was plentiful, 

both strategies evolved together. 

“We studied how these traits 

‘invaded’ the original population 

under a range of conditions,” says 

Bonsall (The American Naturalist, 

DOI: 10.1086/522936). 

They found that cannibalism 

and parental care often co-evolved 

and become dominant in the 

population, but through different 

mechanisms. Sometimes, it paid 

the parent to eat some eggs or 

juvenile offspring, for example. 

“If you produce too many babies, 

you can’t care for them all,” says 

Bonsall. “So do they all die, or do 

you eliminate some and get a 

smaller number through to 

adulthood?” Parents eating their 

young also acquired energy to 

help them rear survivors. 

In some simulations, parents 

tucked into the weakest and most 

disease-prone offspring to give 

the strongest more of a chance 

to survive. “There are many 

examples of this in nature, such 

as sand gobies, burying beetles 

and wolf spiders (pictured).” 

The model also shows how 

cannibalism could speed up 

the evolution of traits such as egg 

maturation. If parents eat eggs, this 

favours the evolution of eggs that 

mature faster, as the first to hatch 

are less likely to get eaten.  ●

The caring side 
of cannibalism
ANDY COGHLAN

–Eeny, meenie, miny...–
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This week–

have presented evidence 

 confirming that Venus has 

lightning – a previously disputed 

idea (see “Thunder and 

lightning”). They have also 

released the results of an 

experiment that in effect watched 

Venusian water escaping into 

space (see “Gone with the wind”). 

Venus is similar in size and mass 

to Earth, and this finding adds 

weight to the view that it started 

out as Earth’s twin sister, with 

oceans to match, before evolving 

into a bone-dry greenhouse 

planet as carbon dioxide 

accumulated in its atmosphere 

and water was lost.  ●

WITH scorching rocks  , 

downpours of sulphuric acid, 

and a crushing atmosphere with 

a pressure 90 times Earth’s, Venus 

has to be the most hellish planet 

in the solar system. Yet in one 

respect it turns out to be 

surprisingly Earth-like. 

A year’s worth of results from 

the seven experiments aboard the 

European Space Agency’s Venus 

Express mission, released this 

week, have helped to create the 

most detailed 3D model of Venus’s 

atmosphere to date – and it paints 

a surprisingly familiar picture 

(Nature, vol 450, p 629). “In many 

respects, Venus is actually pretty 

much like Earth,” says project 

scientist Håkan Svedhem of ESA’s 

European Space Research and 

Technology Centre in Noordwijk, 

the Netherlands. 

Despite dramatic differences 

in temperature and chemical 

make-up, the atmosphere’s basic 

machinery is similar to Earth’s, 

Svedhem says. One of the main 

features is Hadley-like convection 

cells in the lower atmosphere, 

moving between the equator and 

up to around 60 degrees latitude in 

each hemisphere. Similar features 

are one of the main drivers of the 

Earth’s weather .

Some aspects of the Venusian 

atmosphere remain mysterious, 

but the new data could help 

explain the mechanics behind 

them, says Svedhem. For 

example, nobody knows 

exactly why the upper 

atmosphere goes around 

the planet every 96 

hours, whereas Venus 

itself takes no less than 

243 Earth days to spin 

on its axis. Another 

mystery is the origin 

of   bizarre double 

vortices  in the 

atmosphere above 

both poles, though 

some scientists think 

they might be linked to 

the upper atmosphere’s 

rapid rotation.

Alongside the new 

atmospheric data, the 

Venus Express scientists 

“Despite temperature and 

chemical differences, the 

atmosphere’s basic machinery 

is similar to Earth’s”

How Earth’s sister 
turned hellishly hot
GOVERT SCHILLING

THUNDER AND LIGHTNING
Though artists’ impressions often show 

the apocalyptic landscape of Venus criss-

crossed by lightning bolts, the existence 

of lightning on Venus has been 

controversial. 

Electromagnetic signals possibly 

generated by lightning were recorded 

more than 30 years ago by the Soviet 

Venera probe, but since then, efforts 

to detect lightning directly have been 

inconclusive. This led some scientists 

to question the ability of electric fields 

to discharge easily in the planet’s dense 

atmosphere. What’s more, the planet’s 

high clouds might make   cloud-to-

ground strikes unlikely .

Now observations from Venus 

Express have shown the artists were 

right all along. In May and June 2006, 

the spacecraft’s magnetometer detected 

bursts of electromagnetic radiation 

propagating upwards into the 

ionosphere – a layer containing 

electrically charged particles. These so-

called “whistler mode” waves can only 

be produced by lightning discharges in 

the Venusian clouds, according to a 

team of scientists led by Chris Russell of 

the University of California, Los Angeles. 

Extrapolating from the observed 

number of whistler mode waves, the 

team concludes that there must be at 

least 50 lightning discharges per second 

on Venus – about half as many as on 

Earth. “In six months’ time, we expect 

to have better information on where 

lightning strikes,” says Venus Express 

project scientist Håkan Svedhem.

GONE WITH THE WIND
Venus may once have  had oceans as vast 

and deep as Earth’s – so where did all 

the water go? 

Its atmosphere is known to contain 

an unusually high ratio of deuterium 

(heavy hydrogen) to ordinary “light” 

hydrogen. As hydrogen can escape the 

planet’s gravitational field more easily 

than deuterium, this suggests that there 

was once much more of it – and it could 

well have come from water.

Now the Venus Express spacecraft 

has observed the remnants of smashed-

up water molecules escaping from the 

planet’s atmosphere. Using the ASPERA-4 

experiment (Analyser of Space Plasmas 

and Energetic Atoms), Stas Barabash of 

the Swedish Institute of Space Physics 

and colleagues detected hydrogen and 

oxygen ions  being blown away from the 

upper atmosphere into interplanetary 

space by the solar wind. The number of 

escaping hydrogen atoms was twice the 

number of oxygen atoms – exactly 

what you would expect if the atoms are 

the fragments of water molecules that 

had been broken apart by ultraviolet 

radiation from the sun. 

This supports the theory that the 

solar wind – a stream of electrically 

charged particles from the sun – sweeps 

the constituent elements of water from 

the upper atmosphere. Since Venus is 

closer to the sun and has no deflecting 

magnetic field, the solar wind’s 

influence is more pronounced on the 

planet’s atmosphere than on Earth. 

The researchers hope that future 

measurements will provide an estimate 

of how much water Venus has lost over 

the past few billion years. Recombining 

the hydrogen and oxygen now in the 

Venusian atmosphere, plus the existing 

water vapour, would yield only enough 

water to cover the planet to a depth 

of 3 millimetres.

Now hot and dry, Venus 
may once have had oceans 

as extensive as Earth’s

www.newscientist.com
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This week–

“IT DOESN’T matter a damn what 

ethical assumptions you use,” 

says Michael Grubb, an expert 

on climate change policy at the 

University of Cambridge, cold 

financial arguments are enough 

to decide what to do about global 

warming. Spend now and reap 

the benefits later.

As   arguments over the science 

behind climate change have 

cooled , the question of how much 

nations should be willing to pay 

has come to dominate the debate. 

Now Martin Weitzman of Harvard 

University has developed the first 

thorough method for including 

unlikely but extreme events, such 

as widespread crop failures, in cost-

benefit analyses. When you take 

into account extreme temperature 

rises of more than around 6 °C, he 

says, they dominate all other 

options and effectively demand 

that investment aimed at 

stopping them be made now. 

“This tells us that we should take 

the problem much more seriously 

that normal cost-benefit analyses 

suggest,” says Weitzman, who has 

submitted his paper to The Review 
of Economics and Statistics.

Economists have generally 

ignored extreme events when 

doing cost-benefit calculations. 

Such events are theoretically 

possible, they say, but are so 

unlikely and lie so far in the 

future that it is not cost-effective 

to spend money to prevent them. 

Computer models also suggest 

that using more renewable energy 

and reducing emissions in other 

ways would almost certainly 

avoid extreme temperature 

increases. But Weitzman’s results 

are so dramatic that some 

economists, many of whom 

argued in favour of caution, are 

shifting their position.

Environment groups argue that 

the risk of extreme events justifies 

large investment now, but other 

groups, notably industry-

orientated think tanks and many 

Republican politicians, have 

resisted such calls. “In the United 

States, cost-benefit analyses have 

been used to back up questions 

about whether [investment]  is 

worth much now,” says Grubb. 

“This throws a pretty fundamental 

spanner in the works.”

Richard Tol of the Economic 

and Social Research Institute in 

Dublin, Ireland, is one economist 

who used to argue for investment 

levels that fall short of what green 

groups say is needed. Investment 

choices are often measured in the 

amount of money that should be 

spent on preventing the emission 

of one tonne of carbon dioxide. 

Before reading Weitzman’s paper, 

Tol had that figure at $5 – now he 

thinks it should be $50. He is also 

developing a cost-benefit analysis 

for the US Environmental 

Protection Agency. “This work 

shows that we’re simply doing it 

wrong,” says Tol. 

The new method also backs 

up the conclusions of the Stern 

Review on the Economics of 

Climate Change, albeit via 

different methods. Stern’s cost-

benefit analysis, which was 

published in October 2006, did 

not consider extreme events. 

Even so, he found that the benefit 

of investing now would be 

enormous: the world could save 

$2.5 trillion a year if the rise in CO2 

was halted at levels around 50 per 

cent greater than today. But when 

Stern put a price on the damages 

that rising temperatures could 

cause, he valued future costs in 

today’s money. Many economists, 

including Weitzman, criticised 

that assumption, arguing that it 

ignores the fact that investments 

made now are expected to be 

worth more in the future.  

The debate remains 

unresolved, as ethical arguments 

continue to rage about how to 

value future generations. But 

Weitzman’s study shows that once 

extreme events are included, the 

argument becomes irrelevant. 

This is because the potential cost 

of extreme events is so great that 

they come to dominate the 

assessment of risk, whatever 

method is used to compare the 

value of present and future 

generations. “[Weitzman’s work] 

would have received substantial 

attention in the Stern report. He 

would have used it as supporting 

evidence,” says Grubb. 

Weitzman could also create a 

  headache for policy-makers . The 

analysis shows that traditional 

cost-benefit calculations are 

getting it wrong, but it does so 

only by proving that extreme 

events dominate the costs when 

included in the calculations. It 

cannot put a figure on how much 

should be spent now, unlike the 

old techniques.  “The big picture 

is not as clear as economists had 

thought,” says Weitzman. “This 

probably means we should spend 

more money now, but it doesn’t 

tell us how much.”  ●

Spend now, reap 
the rewards later
JIM GILES

14 | NewScientist | 1 December 2007 www.newscientist.com

–Drowned out?–
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“Extreme temperature rises 

of more than 6 °C demand 

investment aimed at stopping 

them be made now”

071201_N_p14_CO2.indd   14071201_N_p14_CO2.indd   14 27/11/07   14:23:2227/11/07   14:23:22



This week–

SOMETHING as subtle and 

complex as intelligence was 

never going to be pinned on just 

a handful of genes, as a huge trawl 

across the human genome seems 

to confirm. Although it did turn 

up hundreds of genes that make 

a contribution, their individual 

effects are so small that for 

the most part they are barely 

detectable. This does not mean, 

however, that intelligence is 

not inherited.

The research, led by Robert 

Plomin of the Institute of 

Psychiatry in London, identified 

six genes that were strongly 

associated with high or low 

intelligence, but even the most 

powerful of these accounted for 

just 0.4 per cent of the variation 

in intelligence between 

individuals. The six together 

accounted for about 1 per cent 

of the variation in intelligence. 

Dozens of previous studies on 

twins and adopted children have 

established that about   half of the 

variation in intelligence is down 

to environment , but almost all of 

the genetic component has yet to 

be uncovered.

“If we’ve creamed off the 

biggest ones, and they only 

account for 1 per cent of the 

variance, then there’s a long way 

to go,” Plomin says. “The most 

striking result is that there are 

no large effects.” 

In their experiment, Plomin 

and his colleagues obtained 

intelligence scores for 7000 

7-year-olds, based on verbal and 

non-verbal reasoning tests. They 

also took DNA samples from the 

children. To find regions of DNA 

that correlated with high or low 

intelligence, they screened DNA 

from the children who scored 

highest or lowest in the tests 

against a gene chip coated with 

500,000 single nucleotide 

polymorphisms (SNPs) – regions 

of DNA that differ between 

individuals. This enabled the 

team to identify hundreds of 

SNPs that differed between the 

high and low scorers.

Next, they whittled the 

significant SNPs down to just 

37 that correlated most strongly 

with intelligence, then looked 

at those SNPs in the DNA 

from children across the whole 

intelligence range. This process 

revealed the six highly 

significant gene regions (Genes, 
Brain and Behaviour, DOI: 10.1111/

j.1601-183X.2007.00368.x). 

Most researchers contacted 

by New Scientist were not the 

least bit surprised that the genetic 

aspects of a complicated trait like 

intelligence are down to the 

cumulative effects of a wide 

combination of genes. 

“Intelligence is a function of the 

way the brain is put together, and 

at least half of our genome 

contributes in some way or 

another to brain function, which 

means that in order to build a 

human brain, you need thousands 

of genes to work together,” says 

Gary Marcus, a psychologist at 

New York University.

Neuropsychologist Stephen 

Pinker at Harvard University 

warns that the study should not 

be interpreted as evidence that 

intelligence is not heritable. 

“There are many ways in which 

genes could affect intelligence 

other than single genes with 

large effects,” he says. 

Pinker is confident researchers 

will soon build on Plomin’s 

findings. “Whole-genome scans 

are in their infancy, and a variety 

of molecular and statistical 

improvements will soon tell 

us how the heritability of 

intelligence – which is not in 

reasonable doubt except by 

politically motivated critics – 

is related to variations in 

the genome.” 

Indeed, Katherine Burdick 

of the Zucker Hillside Hospital 

in Glen Oaks, New York, claims to 

have found genes with a greater 

impact on intelligence than those 

identified by Plomin, even though 

she screened the same 500,000 

SNPs. “Our top three SNPs have 

[cumulative] effects in the range 

of 9 to 10 per cent [of variance],” 

she says. Burdick is due to present 

her research in Boca Raton, 

Florida, at the annual meeting 

of the American College of 

Neuropsychopharmacology. 

Plomin is sceptical: “Until 

people publish, you must take 

things with a large pinch of salt.”  ●

‘Intelligence genes’ 
keep a low profile
ANDY COGHLAN

16 | NewScientist | 1 December 2007 www.newscientist.com

–Genetic aspects of intelligence are hard to pick out–

“Intelligence is a function of the 

way the brain is put together, 

and at least half of our genome 

contributes in some way”

“Dozens of studies have 

established that about half of 

the variation in intelligence is 

down to environment”
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This week–

“COME quickly and come alone,” 

the fax said. “Illicit trafficking 

issues need urgent attention.” 

That is how a Russian nuclear 

agency asked experts at the 

Swedish Nuclear Power 

Inspectorate (SKI) for their 

insight and experience in 

assessing the scale of serious 

security risks in the Kola 

peninsula, arguably the world’s 

most radioactive region.

The resulting investigation 

was completed earlier this year, 

but in keeping with its cloak-

and-dagger origin, the Russian 

authorities are keeping the 

details secret. However, New 
Scientist has learned that the 

report exposes gaping holes in 

the arrangements meant to 

prevent the theft of plutonium 

and highly enriched uranium.

The Kola peninsula, which 

borders Norway and Finland in 

north-west Russia, has 35 nuclear 

facilities and many tonnes of 

highly enriched uranium. It is 

thought to hold the highest 

volumes of radioactive waste in 

the world, says Lars van Dassen 

of SKI’s international cooperation 

programme, who presented a 

summary of the “disturbing” 

investigation at an International 

Atomic Energy Agency conference 

on nuclear smuggling in 

Edinburgh, UK, last week.

According to the report by 

SKI and Atombesopastnost – a 

subsidiary of Russia’s Federal 

Atomic Energy Agency, Rosatom – 

a large number of nuclear 

facilities have “insufficient” 

security measures. Measures for 

preventing thefts are “small” and 

cooperation among authorities 

is “inadequate”. “The illicit 

trafficking problem is for real,” 

the report concludes.

The IAEA conference also 

heard evidence of a “possible 

resurgence” of nuclear smuggling 

in former Soviet republics. Since 

1999, there have been seven 

seizures of weapons-grade material 

in former Soviet republics, four of 

them in Georgia. For example, in 

2003 Garik Dadayan was caught 

carrying 170 grams of highly 

enriched uranium and notes 

about substances that could be 

used in nuclear weapons.

Although the amounts seized 

in former Soviet republics have 

been small, the worry is that they 

could be samples from larger 

stockpiles. Recent analysis led 

by Stephane Baude at the French 

Atomic Energy Commission 

(CEA) suggests that two separate 

seizures of highly enriched 

uranium, in Paris in 2001 and 

Bulgaria in 1999, were from 

batches of fuel reprocessed at 

the same plant.

According to the IAEA, the 

number of incidents involving 

radioactive material – including 

thefts, losses and illicit sales – 

recorded each year has risen 

nearly fourfold since 2002. This 

increase can mostly be explained 

by better reporting. However, the 

actual number of incidents may 

also be increasing, says Richard 

Hoskins of the IAEA. “They are 

symptoms of vulnerabilities and 

weaknesses,” he says. ●

Nuclear security in 
Russia ‘disturbing’

18 | NewScientist | 1 December 2007 www.newscientist.com

THIS WEEK 
50 YEARS AGO
Funerals without fuss

The inventors of Winnipeg are an 

imaginative crowd and their annual 

exhibition last week seems to have 

produced some new ideas that cannot 

possibly have been thought of before.

One gentleman has devised a 

method of shrinking an adult human 

body to the size of a baby. He claims 

that this will be an excellent way 

to dispose of dead bodies because 

it will be possible for the shrunken 

corpses to be slid into underground 

tubes and buried without any of 

the fuss that goes with conventional 

burial and without taking up too 

much space.

His shrinking process depends on 

the application of high pressure to the 

corpse. This, he tells us, has the effect 

of squeezing all the fl uids out of the 

body. The resultant mass of fl esh can 

then be compressed to any desired 

shape inside a mould, similar to those 

used for moulding polythene.

All this is, of course, highly 

ingenious but it is uncertain why 

the inventor thinks that his newly 

proposed form of burial is in any 

way better than the current and very 

popular method of cremation. It 

may be that the new method would 

appeal to those who are worried by 

the high cost of buying plots in 

cemeteries and who do not wish 

their dead body to be incinerated. 

It may also appeal to those whose 

beliefs suggest that at some point in 

the future they expect to be physically 

reincarnated. Whatever the benefi ts, 

however, it appears that the inventor 

has not yet found a volunteer for 

his process. 

And neither has another inventor 

at the Winnipeg exhibition been able 

to make much headway with his 

invention. This consists of a gigantic 

cake of soap 15 feet long and 3 feet 

wide. His idea is that you wet yourself 

with water before sitting on the 

soap and sliding up and down to 

wash yourself.

From The New Scientist, 
5 December 1957

 –A safe place for nuclear waste?–

ROB EDWARDS

“The report exposes gaping holes 

in the arrangements meant to 

prevent the theft of plutonium 

and highly enriched uranium”

JA
N

-M
O

R
TE

N
 B

JO
R

N
B

A
K

K
/S

CA
N

PI
X/

A
FP

/G
ET

TY

071201_N_p18_Nuclear.indd   18071201_N_p18_Nuclear.indd   18 26/11/07   17:47:1726/11/07   17:47:17



In brief–

 Research news and discovery
G

A
LI

 T
IB

B
O

N
/A

FP
/G

ET
TY

20 | NewScientist | 1 December 2007  www.newscientist.com

IT LOOKS like an eel, has a single 

gaping nostril and produces 

  copious amounts of slime : the 

blind, deep ocean-dwelling hagfish 

certainly lives up to its name. But  

its vestigial “eye” might explain 

how vertebrate vision evolved.

The hagfish was thought to 

have   evolved from a lamprey-like 

ancestor  with eyes similar to 

our own. The primitive eye, 

with no lens, no pupil and only 

primitive photoreceptors, was 

thought to be an example of 

an organ that had outlived its 

usefulness and degraded.

Now Trevor Lamb at the 

Australian National University 

in Canberra and colleagues have 

reassessed DNA evidence on the 

origin of vertebrates and concluded 

that the hagfish is in a sister, and 

not daughter, group to lampreys. 

This means the hagfish “eye” is in 

fact a primitive form of the organ 

(Nature Reviews Neuroscience, 

DOI: 10.1038/nrn2283).

Hagfish split from the line 

leading to jawed vertebrates about 

30 million years before lampreys 

appeared. In that relatively brief 

time, the vertebrate eye evolved 

most of its modern characteristics. 

It’s possible to watch that 

process in modern lampreys, says 

Lamb. “During metamorphosis, 

their eyes go through a 

developmental sequence until they 

look like those of any jawed fish.” 

And then fish acquired eyes

SOME mice have simple tastes. 

Those that lack a particular brain 

receptor for   dopamine  show no 

taste for cocaine, which mice and 

humans usually find addictive.

Mouse brain cells usually carry 

five dopamine receptors, but mice 

modified to lack the one known as 

D1 do not self-administer cocaine. 

Normal mice, by contrast, will 

keep returning for more (The 

Journal of Neuroscience, DOI: 

10.1523/JNEUROSCI.2284007. 

2007) . “To knock out a single 

receptor and eliminate cocaine’s 

abuse-related effects is 

surprising,” says Barak Caine 

of Harvard Medical School, who 

led the research.

The implications for people are 

unclear, but it reinforces earlier 

studies showing that dopamine 

plays a key role in addiction.

These mice get no 
kick from cocaine

THE fiercest volcanic eruptions 

affect global sea level much more 

than we thought. 

Particles from a big eruption 

block sunlight, cooling the oceans. 

Modellers thought this might 

cause a drop in sea level, as cooler 

water is more dense. In fact, sea 

levels shoot up after an eruption – 

at least at first, say Aslak Grinsted 

of the University of Lapland in 

Finland and colleagues. 

The researchers used tide-

gauge records to determine sea 

level after five major eruptions 

since 1890, removing other effects. 

They found levels rose by around 

9 millimetres after each eruption. 

Grinsted thinks this is because 

cooling reduces evaporation, while 

rivers continue to top up oceans. 

A year later, though, levels fell 

from that peak by 16 millimetres. 

One reason could be that more 

water remained in glaciers, says 

Grinsted   (Proceedings of the 

National Academy of Sciences, 

DOI: 10.1073/pnas.0705373104). 

Oceans’ sixteen

AS IF emotional campaign messages weren’t enough, 

politicians now have another way to try to win over the 

electorate. A study in Israel shows that voters can be 

manipulated into changing their attitudes by being shown 

subliminal images of their national flag.

A team led by psychologist Ran Hassin at the Hebrew 

University in Jerusalem divided volunteers into two 

groups: those who strongly identified with Israeli 

nationalism and those who identified with it only weakly. 

They then quizzed them about their attitude to the Israeli-

Palestinian conflict after showing them a brief image of an 

Israeli flag or a control image. The image appeared for long 

enough to be registered by the brain but not long enough 

for conscious awareness (Proceedings of the National 
Academy of Sciences, DOI: 10.1073/pnas.0704679104).

Those who had viewed the flag shifted their position 

towards the middle ground: both right-wingers and left-

wingers became less extreme. The researchers also found 

that it influenced the way participants voted in national 

elections. Hassin says that the Israeli flag represents a sense 

of national unity, and that reminding people of it draws 

them towards that ideology. However, the psychology 

involved is unclear, especially since it remains uncertain 

whether   subliminal advertising  has an effect on consumers.

The subliminal image that 
makes Israelis less extreme

071201_N_InBriefs.indd   20071201_N_InBriefs.indd   20 26/11/07   17:41:2626/11/07   17:41:26



D
AV

ID
 L

EE
S/

CO
R

B
IS

CH
R

IS
 G

O
M

ER
SA

LL
/N

AT
R

EP
L.

CO
M

www.newscientist.com 1 December 2007 | NewScientist | 21

MERCURY’S puny magnetic field 

may be so weak thanks to constant 

wrangles with the solar wind.

NASA’s Mariner 10 mission 

detected a magnetic field around 

our solar system’s innermost 

planet in 1974, but its cause 

remained a mystery – until recent 

measurements suggested that 

Mercury’s core may be partly 

molten. As with Earth, these 

“moving parts” could act like a 

dynamo, generating electricity 

and consequently a magnetic 

field. But that cannot explain why 

Mercury’s field is so weak, says 

Karl-Heinz Glassmeier at the 

Institute for Geophysics and 

Extraterrestrial Physics at 

Braunschweig, Germany.

The answer may lie at the 

magnetopause – the boundary 

between Mercury’s magnetic field 

and the solar wind. Glassmeier’s 

calculations show that strong 

electric currents generated there 

would create a secondary magnetic 

field, which – given the direction 

of the solar wind – would oppose 

the polarity of Mercury’s own 

field, weakening it (Geophysical 

Research Letters, vol 34, p L22201). 

This doesn’t happen on Earth as its 

magnetopause field is too far from 

the surface to have an effect.

Magnetic Mercury 
sapped by the sun

NEUTRINOS can flit through the 

Earth as if it wasn’t there, but with 

enough patience geologists could 

use these weird particles to reveal 

the inner workings of our planet.

Using neutrinos from 

extraterrestrial sources such as 

black holes to image the Earth’s 

core is not a new idea. Though 

low-energy neutrinos pass 

through matter unimpeded, high-

energy neutrinos collide with 

other subatomic particles. So with 

Earth illuminated from behind, it 

should be possible to record the 

absorption of these neutrinos by 

various layers of iron and rock – 

just as images of bone are revealed 

by X-rays. Earth’s dense iron core 

should absorb more of these 

atmospheric neutrinos than the 

rock of the surrounding mantle. 

The problem is getting enough 

of them from a single source to 

create a picture. 

Now Maria Gonzalez-Garcia 

of the University of Barcelona 

in Spain and colleagues suggest 

that the diffuse glow of neutrinos 

created in the upper atmosphere 

by the impact of energetic protons 

and other cosmic-ray particles 

could do the job, using the biggest 

neutrino detector on Earth, called 

IceCube – currently under 

construction at the South Pole 

and due to be completed in 2010 

(www.arxiv.org/abs/0711.0745). 

IceCube could produce sharper 

images than existing methods 

for probing the Earth’s interior, 

such as using the Earth’s wobble 

around its axis to work out its 

internal distribution of mass, 

Gonzalez-Garcia says. They 

will not come quickly, though. 

The detector would take at least 

10 years to produce a clear picture.

Giving Earth an ‘X-ray’ with the atmosphere’s dim glow 

FLOWER power had its true heyday not 

in the 1960s, but 140 million years 

ago. That was when the ancestors of 

more than 99 per cent of flowering 

plants came into being in a “big 

bang” lasting just a few million years. 

Earlier research had failed to 

identify the relationships between the 

major groups of flowering plants, apart 

from showing that water lilies, a  rare 

shrub called Amborella from New 

Caledonia, and a handful of other 

plants were the first to split from the 

main line of flowering plants. Now 

Mike Moore at Oberlin College in Ohio 

and colleagues have gone further. 

The team sequenced entire 

chloroplast genomes for 45 flower 

species from all major groups, which 

revealed that five sister groups split 

off nearly simultaneously. Two 

groups, the eudicots (including roses, 

sunflowers and tomatoes) and the 

monocots (grasses and their relatives), 

together account for 95 per cent of 

flowering plants. Magnolias occupy a 

third group. The two others are less 

well known (Proceedings of the 
National Academy of Sciences, DOI: 

10.1073/pnas.0708072104).

What caused the explosive 

divergence remains a mystery, 

although large water-transport tubes 

may have played a part. Moore notes 

that the five groups are the only 

plants with this adaptation.  

The mother of all 
flowers…

CATS live independent – some say 

selfish – lives, but it seems even 

Rome’s streetwise alley cats are 

chivalrous when it comes to food.

Many social animals have pecking 

orders in which the largest males 

tend to dominate. Roberto Bonanni 

of the University of Parma in Italy 

and colleagues found that feral cats 

in a courtyard in Rome also had a 

pecking order, determined by displays 

of aggressive or submissive behaviour. 

When near the food dish, however, 

females became dominant – the first 

time this has been documented in 

mammals. And although the adults 

treated kittens as low-ranking, the 

kittens were allowed to eat first 

(Animal Behaviour, vol 74, p 1369).

This supports game theory 

predictions that smaller competitors 

should become socially dominant 

when their need is greater, and 

when the interests of the larger 

animal would actually be damaged 

by “winning”. Female feral cats are 

nearly always pregnant or lactating, 

and need twice as much food as 

tomcats. Bonanni thinks toms defer 

to females near the food dish and let 

kittens eat first to maximise their 

reproductive investment. “Female 

cats precisely hit males on the head 

with a paw, and take over the food 

dish,” he says. 

Lions, which are truly social, are 

different, as males hog every kill. 

Unlike tomcats, they have to fight off 

invading males, so it’s in the whole 

pride’s interests to keep them in top 

fighting form.

Alley cats let the 
kittens eat first
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Comment and analysis–

GOOD school science education 

is expensive. It requires specialist 

teachers, laboratories, equipment, 

technicians and consumables. Many 

countries have made a substantial 

investment in school science, yet there 

is growing evidence that by the time 

students get to the age of 15, most of 

them have been turned off science.

The most striking findings come 

from an ongoing international study 

known as the   ROSE (Relevance of 

Science Education) project , co-ordinated 

by Camilla Schreiner and Svein Sjøberg 

of the University of Oslo in Norway. The 

  results so far , from tens of thousands of 

children in more than 20 countries, 

show that the higher a country’s 

ranking according to the UN index of 

human development (a measure that 

includes life expectancy, per capita GDP  

and literacy rates), the less interested 

its 15-year-olds are in school science.

By the standards of educational 

research, the relationship is a startlingly 

tight one: the correlation between a 

country’s index of development and 

the stated wish of its 15-year-olds to 

become a scientist is -0.93 – almost 

a perfect linear relationship. In 

countries such as Bangladesh, Ghana 

and Uganda, which score low on 

human development, 15-year-olds 

are very positive about wanting to 

continue to study science – perhaps 

because of the benefits that they think 

science can bring – whereas in Japan 

and western Europe they are not.

In many well-off countries, the 

number of students wanting to go on 

to higher education to study chemistry 

and physics – though not biology – has 

fallen over the past decade. In the UK 

this lack of enthusiasm for physical 

sciences has led to the closure of some 

80 university science departments in 

the past six years – though some have 

reopened under new names. So why is 

school science, especially chemistry 

and physics, so unpopular in wealthier 

countries, and what can we do about it? 

A number of researchers, myself 

included, have found that the 11-year-

olds arriving at secondary school are 

keen to study science, and enthusiastic 

about the prospect of practical work in 

exciting laboratories. Some maintain 

this interest over the next five years, but 

sadly the majority find science lessons 

boring and irrelevant compared with 

other subjects. Teenagers criticise 

school science in particular for not 

enabling genuine discussion and debate, 

for not tackling up-to-date issues, and 

for giving them little choice – for 

example, about what practical work 

to undertake. Though they generally 

think science is important, most feel 

that a career in it is not for them but for 

others who are cleverer than they are. 

There are various ways to address 

the problem. Some countries have 

changed their school science 

curriculum, often making it more 

context-based. The teacher starts with 

an issue that is of interest to students – 

running a nature reserve, finding the 

best site for a chemical plant, deciding 

whether to switch from fossil fuels to 

nuclear power and/or renewables – and 

uses that as a pathway into the science 

one needs to understand in order 

to deal with such questions. This 

approach is controversial, however. 

In the UK, the distinguished 

philosopher Mary Warnock and the 

rector of Imperial College London, 

Richard Sykes, last year labelled this 

approach for 14 to 16-year-olds as 

  “dumbing down” and “more suitable 

for the pub than the school room” .

Another tack is to encourage out-of-

school learning. Last week, for example, 

London’s Science Museum reopened its 

well-known   Launchpad gallery . The old 

Launchpad got a million visits a year. 

The new one is bigger and better so it 

should get even more. What is 

particularly notable is the care the 

Science Museum has taken to ensure 

that the 50-plus exhibits in Launchpad 

support the physics that 8 to 14-year-

olds  will learn in schools as part of the 

National Curriculum. There has been 

an explosion in the number of science 

museums and centres around the 

world, making such visits possible 

for an increasing number of children.

This growth reflects a deeper point 

about the nature and purpose of school 

science laboratories. We can think of 

them as providing stripped-down 

versions of reality, where care has been 

taken to simplify things to help reveal 

the underlying science. In real life it’s 

not easy to show 11-year-olds the 

relationship between voltage and 

current, between evaporation and 

condensation or between oxygen 

concentrations and rates of respiration. 

These are the sorts of things school 

science labs are good for. But we need 

out-of-the-classroom experiences too, 

to help children relate such abstract 

activities to real-life issues.

Finally, we need to reflect on how 

we assess learning in science. Too often 

what teachers teach and, therefore, 

what students learn is driven by how 

the students are assessed. It is easier for 

exams to test factual knowledge than 

some of the skills we want the next 

generation of scientists to develop. 

Governments need the confidence 

to develop assessment regimes that 

reward what we really want students to 

learn and science teachers to teach.  ●

  Michael Reiss  is director of education at 

the Royal Society, London, and professor 

of science education at the Institute of 

Education, University of London

Bottom of the class

“In poor countries 
15-year-olds are 
very positive 
about wanting 
to continue to 
study science”

Why do so many teenagers in wealthy countries find school science lessons 
boring and irrelevant, and what can we do about it, asks Michael Reiss
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Letters–

Second-hand smoke
From Deborah Arnott,   ASH (UK) 

Your editorial and article 

highlight the dangers of 

exaggerating the health impact 

of exposure to second-hand 

smoke (  10 November, p 3  and   p 8 ). 

ASH (UK) endorses your 

conclusion that bad science can 

never be justified.  ASH, unlike 

some organisations, has never 

asserted that a single 30-minute 

exposure to second-hand smoke 

is enough to trigger a heart attack, 

and we are not aware of any UK 

health advocates who have done 

so. What we do say, based on a 

growing body of evidence, is that 

repeated exposure to second-

hand smoke can damage coronary 

arteries, which in turn can trigger 

heart disease.

As a matter of course, we aim 

to ensure that our work is 

evidence-based and we would 

never deliberately distort science 

to justify a particular campaign. 

The evidence of the harm to non-

smokers exposed to tobacco 

smoke is so robust that there is no 

need to exaggerate it to justify 

tobacco control measures.

London, UK

The editor writes:

●  ASH (UK) has no connection 

with ASH (US), which is 

mentioned in our article.

Reason or religion
From Mark Vernon

You nobly resist the temptation to 

give science the victory over 

religion, but I dispute your 

overly generous concessions 

(  10 November, p 3 ). In making the 

practical point that trying to 

change how people think is likely 

to alienate them, you abdicate the 

scientific responsibility to 

distinguish truth from falsehood. 

It is not a question of purging 

religion, rather one of promoting 

critical thought.

You say the problem is not 

with religion per se. Politically, 

this may be true, but 

intellectually, yes, religion is a 

problem. Religion lays down in 

advance what is to be believed, 

and thus represents a betrayal of 

the intellect. Science, on the other 

hand, starts from a position of 

ignorance and gradually builds a 

secure network of interlocking 

ideas. From this emerges a world 

view incompatible with religion. 

The neo-Darwinian  theory of 

evolution, for example, defeats 

competing religious accounts.

We do indeed stand in need 

of tools other than reason for a 

complete understanding of the 

world, but we don’t have them. 

Our species has survived and 

prospered by evolving the 

practical intelligence needed to 

manipulate the environment.

Our systems of belief need to 

be useful, but need not be true. 

We live in pursuit of interests, not 

truth; we are at liberty to believe 

any old rubbish, and most people 

do. A scientific way of thinking 

can free us from this ignorance.

 Science greatly extends the 

power of reason by linking it to 

observation and technology.

Fairness and morality are skills 

that help us to live well, not paths 

to knowledge. Religion cannot be 

considered in the same light, 

because it involves false belief. 

Faith certainly isn’t an extra 

tool for understanding. Public 

truths cannot be divined from 

private experience, any more 

than I can judge my own height 

by placing my hand on my head.

Gosport, Hampshire, UK

From Alan Oberman

Shame on you for a cowardly 

editorial that fails to defend reason 

and rationality. You say: “We need 

many tools to make sense of the 

world besides the strictly rational.” 

Human societies construct all 

sorts of ideologies to explain the 

world, but rational thought is not 

one among equals – rather, it is the 

only method we have of sorting 

sense from nonsense, of getting 

closer to a true understanding of 

how the world works.

You add: “Trying to tell people 

how they should think is likely to 

alienate them.” We must state 

clearly and boldly what we believe 

to be the case, with every 

tolerance for people but zero 

tolerance for wrong thinking.

Finally you say, “The problem 

is not with religion per se,” 

meaning, presumably, that it isn’t 

the “ism” that’s wrong, just the 

people who misapply it. Not so. 

Religion is a social construct – one 

person on their own cannot make 

a religion. To survive, a religion 

has to have authority, and for it to 

have authority it has to promote 

faith in the authority. Religion has 

to defend faith against reason and 

that is its problem per se. 

We look to New Scientist to 

advance reason and rational 

thought, not duck away in search 

of some kind of “conciliation”.

Builth Wells, Powys, UK

From Mary Midgley

Is it rational to believe that the 

people around us are conscious, 

or that they have aims and 

feelings much like our own? This 

can certainly not be proved. Nor 

can we prove that the physical 

world will go on working in the 

way that it has done so far.

We have to make tacit, 

background assumptions before 

any reasoning or proof can 

get off the ground. They come 

to us from our social nature, 

which also gives us a complex 

structure of emotion and 

imagination, out of which grow 

our ethics, our sciences, our arts 

and our religions. 

We work out the details of 

these various kinds of insight 

with  experience and we use 

reasoning to resolve the conflicts 

among them. This is rationality: a 

soundly organised way of relating 

these various elements, not a 

single cast-iron source of 

knowledge that competes with 

them and ought to replace them. 

The idea that we should believe 

only what can be proved is thus 

rather wildly irrational.

Newcastle upon Tyne, UK

Bug vs superbug
From Cheryl Hill

Clearly we need a winning 

strategy to nip the “superbug” 

problem in the bud before it 

becomes too prevalent in the 

community (  29 September, p 37 ). 

Am I the only one to have 

maintained an interest in the 

development of phages as our 

best defence against antibiotic-

resistant bacteria? They have long 

been used to treat infections in 

the republic of Georgia (  5 April 

2003, p 36 ). 

As I understand it, phages can 

be found in the microbial soup in 

hospital outflow where 

everything, including superbugs, 

is food for something else. You 

just have to find them. So why are 

they not in use already?

High Wycombe, 

Buckinghamshire, UK

Lighting the deep
From Edith Widder, 

  Ocean Research & Conservation 

Association 

Answering the phone one day 

early in my career researching 

marine bioluminescence 

(  27 October, p 30 ), I found myself 

talking to a distraught physicist. 

He explained his part in the Deep 

Underwater Muon and Neutrino 

Detection (DUMAND) project, 

attempting to detect Cerenkov 

radiation using sensitive light 

detectors deep in the ocean, far 

away from ambient light. 

The problem was that the 

project’s detectors were seeing 

way too much light. He wanted to 

know whether this might be 

biological in origin. Was there 

some place in the ocean where 
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bioluminescence didn’t occur? I 

quoted a 1973 review article by 

Paul Tett and  Mahlon Kelly: 

“Marine bioluminescence has 

undoubtedly been noticed ever 

since man lived near the ocean, 

but the occurrence of luminescent 

organisms in nearly every cubic 

meter of the ocean, from coast 

to coast and surface to bottom, 

was not realized until 

photomultiplier radiometers 

were lowered into the ocean 

and the flashing recorded.”

There was then a very long 

silence after which he thanked me 

and hung up. Apparently he did 

not pass the information along.

Now you breathlessly 

announce that physicists have 

discovered bioluminescence – 

yet again. 

It is wonderful that other 

members of the scientific 

community are getting to share 

the thrill of learning about the 

amazing creatures living in the 

oceans, and their phenomenal 

adaptations for using light to help 

them find food, attract mates and 

defend against predators. 

Give it a few more decades, and 

the next generation of researchers 

will be able to rediscover them, 

and enjoy the thrill all over again.

Fort Pierce, Florida, US

From Peter Herring, 

  National Oceanography Centre 

Your article continues to 

promulgate the false idea that 

bacterial symbionts are 

responsible for most deep-sea 

bioluminescence. They are not. 

Some bioluminescent fish and 

a few shallow-water squid do 

harbour luminous bacteria. Most 

do not. Shrimp, jellyfish and 

almost all other invertebrates 

have their own luminous systems.

Southampton, UK

Fertility possibility
From Jonathan West, Peninsular 

Centre for Reproductive Medicine

We should not be surprised that 

the over-the-counter “food 

supplement” DHEA may improve 

the response of the ovaries during 

IVF treatment (  27 October, p 12 ). It 

has androgenic (testosterone-like) 

effects, which are known to 

increase the sensitivity of 

receptors in the ovary to FSH – the 

hormone injected to stimulate 

egg production in IVF treatment.

A number of other compounds 

that may do the same, such as 

Letrazole or Danazol, are available 

on prescription in the UK (unlike 

DHEA), and are already used by 

many fertility clinics.

Sadly we will probably never 

know how DHEA compares . A trial 

that may establish its advantages 

or drawbacks seems unlikely in 

the UK, due to the ever-increasing 

difficulty of overcoming ethical 

and other hurdles, in particular 

the need to obtain indemnity 

insurance against possible 

adverse effects. This means that 

trials of inexpensive treatments 

with so little potential financial 

return rarely take place.

Exeter, UK 

If you’re so smart…
From Max Hedt

To win $25,000 for proving that a 

“universal computer” – one that 

could solve any problem in 

mathematics given enough time 

and memory – could be built 

from biological molecules such 

as DNA, seems a rather easy earn 

(  27 October, p 29 ). There already 

are biological, DNA-based 

computing systems that are 

smart enough to create electronic 

and mechanical devices to assist 

them in their mathematical 

calculations. I just wish, as one of 

them, that I had been smart 

enough to pull such a $25,000 

boondoggle myself.

Horsham, Victoria, Australia

Altruism’s limits
From Paul Wilson

In your editorial about multi-level 

selection, you suggest that 

altruism might replace 

“unrestrained” market forces 

(  3 November, p 3 ).  This hope 

ignores the fact that the groups 

competing to be “selected” in the 

ecosystem of a global marketplace 

are corporations and economic 

areas. Within these groups, 

cooperation and altruism do 

indeed improve their fitness, 

but cooperation between 

them too often serves only to 

monopolise markets and 

restrict access to them.

Regulating this finite 

ecosystem to guarantee access and 

competitive variety is the only 

form of restraint that can improve 

fairness and efficiency at the same 

time. Altruistic behaviour between 

the players is unlikely to do either.

Kelvedon, Essex, UK

Disallowed time
From Lee Cottrell

I have often read of the time-travel 

paradox, in which you go back in 

time and kill your grandparents, 

thus deleting your existence. But 

what makes people think that 

nature would allow them to kill 

their grandparents? Wouldn’t 

every opportunity you took to kill 

them likely be thwarted? The very 

fact that you exist means you 

could not do anything that would 

jeopardise your future birth.

Sandhurst, Berkshire, UK

Spooky socks
From Harry Collins

Many have puzzled over 

entangled quantum socks (Letters 

since   22 September, p 25 ). 

Interestingly, the very instant I 

put a sock on my right foot its 

partner becomes a left sock.

Cardiff, UK

For the record
● We mentioned the “Pittsburgh 

Supercomputing Center at Carnegie 

Mellon University in Pennsylvania” 

(  3 November, p 30 ): the centre is a joint 

effort of Carnegie Mellon, the 

University of Pittsburgh and 

Westinghouse Electric Company. 

● Simon Goodman does not work in 

Munich as we stated in the article on 

Germany’s biotech industry 

(  17 November, p 62 , UK edition), 

but for Merck KGaA at its headquarters 

in Darmstadt.
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Technology

AGEING may be as important to 

electronics as it is to good wine. 

A plastic transistor doubles its 

performance if simply left to sit 

at room temperature for a week.

Cheap to mould,   pentacene  

transistors are a promising 

candidate for organic electronics. 

However, when they are being 

built, molecules can misalign to 

form defects, which trap electrons 

and slow the transistors down.

Now Wolfgang Kalb’s team at 

the Swiss Federal Institute of 

Technology in Zurich has found 

that if a newly made pentacene 

transistor is left to sit in a vacuum, 

the defects disappear naturally 

(  www.arxiv.org/abs/0711.1457 ). 

Self-healing typically requires 

heat, but in pentacene the 

“jostling” between molecules 

that occurs at room temperature 

is enough to realign the molecules 

and remove the defects.

IF EUROPE’S   satellite navigation 

system  gets off the ground, we’ll 

have the cows to thank.

At a meeting in Brussels on 

23 November, the European 

Council  voted to make up the bulk 

of a €2.4 billion hole in Galileo’s 

budget by taking unused funds 

from the agricultural budget. The 

shortfall was caused by the 

reluctance of private aerospace 

71
per cent of British teenagers 
would want to wipe some 
personal information from 
the web before their college 
or boss did a search on them

Tests designed to reveal potentially 

catastrophic damage to aircraft can 

be dangerously ineffective. 

In March 2005, passengers on board 

an Air Transat Airbus A310 flying from 

Varadero, Cuba, to Quebec City in 

Canada, had a nasty scare when a loud 

bang was followed by the plane rolling 

violently from side to side. It landed 

safely, but its 8.2-metre carbon-

composite rudder had sheared off. 

Last week, a   report on the incident  

by Canada’s Transportation Safety Board 

(TSB) concluded that a flaw in the 

rudder’s composite material was to 

blame. The composite is made of 

polymer resin strengthened by 

embedded carbon fibres. Under 

stress, the fibres can separate from 

the surrounding resin, creating a gap 

that weakens the material. 

Engineers test for gaps by tapping the 

surface and listening for a change 

of pitch, but the TSB says that pre-flight 

tests appeared to show nothing amiss 

with the A310’s rudder. When TSB 

investigators exposed damaged 

composites to air pressure changes 

similar to those caused by changing 

altitude during flights, they found that 

“the areas of the damage almost doubled 

instantly”. They conclude that the gap in 

the A310’s rudder was small enough to 

pass unnoticed in the tests but expanded 

in flight, causing the rudder to break up. 

Boeing and Airbus, among others, 

use the tap test. The TSB hopes to 

inspire the use of more reliable tests.

Boeing’s   787 , scheduled for launch 

next year and   Airbus’s A350 , due in 2012, 

will both have fuselages made with 

composite material.

TAP TEST MISSED RUDDER FLAW

companies to invest in the project. 

Galileo is a system of 

30 satellites and a network of 

ground stations. The idea is to 

free Europe of its dependence on 

the American GPS and Russian 

GLONASS satellites, both of which 

are under military control and do 

not guarantee uninterrupted 

service for civilians. 

Despite the council’s  decision, 

member states still need to agree 

on the legality of Galileo. If all 

goes according to plan, satellites 

could be in orbit by 2012.

A car that can walk up steps is being patented by the Chiba Institute of Technology in 

Japan (  US 2007/0257451 ). The car has just one large central wheel, and is kept balanced 

by shifting weights controlled by gyroscopes. When the driver wants to climb steps to 

reach another street level, or enter a building forecourt, robotic legs projecting from 

either side of the car spring out and it becomes bipedal.

You might think DVDs that come with advertisements would be horribly unpopular, 

but what if they were cheaper? IBM has applied for a patent (  US 2007/0201829 ) on a 

DVD that, when inserted, checks what kind of “certificate” the user has bought. With a 

more expensive certificate there would be no ads, but with cheaper ones the DVD player 

would insert ads – possibly prompting the user to upgrade to ad-free viewing.

GIZMO

Nov 2007 
UK government

2 lost discs

Aug 2006
Nationwide (UK)
Lost laptop

March 2005
LexisNexis (US)

Password breach

310k
names

94
million
names

25
million
names

11
million
names

Dec 2006
TJX (US)

Unauthorised
intrusion

GONE MISSING
Incidents in which a large number of people’s 

personal data has been lost or compromised

Advertisement for the non-lethal Taser C2 stun gun, designed for consumers’ self-defence. Available in four colours, the gun shoots two probes that can 
penetrate up to 5 centimetres of clothing and transmit electrical pulses that affect the victim’s nervous system. It has a range of 4.5 metres (www2.taser.com)

“What does Santa bring when you’re good but the world is getting bad?”

–Ready for take-off?–
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STRANGE as it sounds when 

discussing an 8-metre-tall gorilla 

atop the Empire State Building, 

you’d be hard-pressed to discern 

from looks alone that the 

eponymous hero of the recent 

  King Kong  movie isn’t real.

His black fur glints in the sunset 

and ripples in perfect sync with 

his movements, the product of 

software that represents every 

single hair as a translucent 

cylinder covered in tiny scales. 

Simulated light rays are scattered, 

reflected and refracted almost 

exactly as they are by real hair. 

This sheen helped King Kong win 

an Oscar for visual effects in 2005. 

Now its creators say the 

software might have a radically 

different use: because the hair it 

simulates is so realistic, it could 

be used as a testbed for future hair 

products. Companies could use 

the model to represent human 

hair and then add a variety of 

simulated dyes and conditioners. 

That would enable them to 

explore how those products 

make hair look, without going 

to the expense of having to 

manufacture them all first . Steve 

Marschner of Cornell University 

in Ithaca, New York, is a member 

of the team that created the 

software and is currently working 

with Unilever, which makes hair-

care products.

“Computer graphics has now 

reached a point of sophistication 

where it can be used beyond the 

fields of gaming and films,” says 

computer scientist Henrik Wann 

Jensen at the University of 

California, San Diego, another of 

the team that developed the hair 

used on Kong. Indeed, that 

software is just one example of 

Computer models of hair, skin and liquids are nearing 
perfection, to the benefit of more than just movie-goers

a range of computer graphics 

which have become so 

photorealistic that their 

applications have surpassed 

simple entertainment.

The refinements to reach this 

stage have been extensive. For 

decades, animators have been 

able to simulate how light beams 

bounce off objects, but animated 

characters in games and movies 

were traditionally made to look 

realistic thanks to the talents of 

artists who touch-up the resulting 

images until they look convincing. 

This wasn’t enough to create a 

realistic simulation, however: 

while an animated character may 

look plausible in a snapshot, a lack 

of accurate built-in physics meant 

that it appeared unnatural in 

moving scenes.

If creating realistic animation 

in this way is difficult, it is near 

impossible to make touched-up 

animations look right when they 

are merged with live action in 

films like King Kong. In this 

instance, the ape needed to look 

like he was illuminated by the 

same light sources as the 

characters in the live action shots, 

all of whom are in motion. To 

tackle the problem, the movie’s 

creators turned to models that 

simulate the way that light 

propagates through different 

materials in much greater detail. 

Unlike artistic impressions, the 

result is models that look realistic 

no matter what situation they are 

placed in. 

Hair is a great example. Earlier 

models treated each hair as an 

opaque cylinder, causing the light 

to propagate in a way that made 

the hair look dull and lifeless . But 

Jensen, together with Marschner 

and Pat Hanrahan of Stanford 

University in California, 

discovered that the key to making 

hair look realistic was to create a 

model that was closer to its actual 

structure – translucent and 

Hollywood can’t 
hog simulations 
this good

JESSICA MARSHALL
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covered in tiny scales (  New 
Scientist, 2 August 2003, p 19 ). 

Also critical was their discovery 

that the cross-section of hair is 

elliptical, which is important in 

creating glints. By creating 

models that mimicked this 

structure and simulating how 

that would affect light shining 

on it, they created the realistic 

fur that adorned Kong. “We keep 

pushing the limit – taking more 

information into account,” 

says Jensen.

Healthy glow
The rendering of skin, historically 

one of the most difficult targets 

for physics-based models, has also 

come on in leaps and bounds. In 

2001 Jensen, Marschner and 

Hanrahan found that, as with 

hair, the key to rendering skin 

realistically is to recognise that it 

is   translucent , not opaque. In the 

new software, light not only 

bounces straight off the skin 

but also enters the skin and moves 

beneath the surface before being 

reflected back out. This insight 

gave the skin a realistic glow. This 

approach was used to create 

  Gollum ’s skin in The Lord of the 
Rings trilogy. The ability to model 

translucency also allowed the 

team to tackle another murky 

problem in computer graphics – 

milk (see “Got Milk?”, right).

Jensen is currently making the 

skin model even more realistic. In 

2006, he came out with an 

improved version that   divides the 

sub-surface light  into two layers: 

an epidermis layer containing 

models of two types of melanin 

and a dermis containing 

haemoglobin. “Without this, 

there’s a uniformity to the skin 

that may not be quite right. 

Things start to look a little bit 

like wax,” he explains. 

Jensen now plans to model 

the skin in even greater detail, 

incorporating individual cells and 

fibres within the layers. He says 

these models could be used by the 

cosmetics industry to create more 

natural-looking foundation. 

Researchers could put the virtual 

foundation on the simulated skin 

to estimate that foundation’s 

light-scattering properties and 

see how it affects the natural 

translucent look.

The skincare industry is 

already showing interest in skin 

models. Computer scientist Shree 

Nayar of Columbia University in 

New York has studied models of 

  human skin  with Takanori 

Igarashi from Kao Corporation, 

a Japanese company that makes 

skincare products. Meanwhile, 

Kao, Procter & Gamble and 

Unilever have all expressed 

interest in the skin model built by 

Jensen, Hanrahan and Marschner.

The model might also have 

healthcare applications. Jensen 

says it mimics real skin so closely 

that a future version could be 

used to simulate how far light of 

particular intensities propagates 

through a cancer patient’s skin. 

This could be used to determine 

how big a dose of tumour-

zapping light or laser therapy  

they need.  ●
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–Hairy situations never looked so real–
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GOT MILK?
In Shrek, some say the most difficult 

shot to produce was that of a small glass 

of milk. By the time   Shrek 2  came out in 

2004, vastly improved software for 

rendering milk meant that the guards in 

the sequel went crazy for the stuff, even 

going so far as dumping boiling milk on 

a walking gingerbread man.

Milk was previously difficult 

to model realistically because it is 

translucent. In the first Shrek, it was 

modelled as an opaque fluid, which 

meant the light bounced straight off its 

surface, making it look like paint.

To build a realistic model of milk, 

in 2001, Henrik Wann Jensen at the 

University of California, San Diego, and 

colleagues added reflections from light 

scattering beneath the milk’s surface.  

They used a technique that was later 

used to make Gollum’s skin look eerily 

realistic in The Lord of the Rings trilogy. 

Now, insights gained during this process 

are being put to work in the dairy 

industry, in the name of quality control. 

To model just how light moves 

under the surface of a substance, Jensen 

specifies the substance’s ability to 

scatter, absorb, refract and spread light. 

He deduces what values each property 

should have for a given substance by 

shining a spot of light onto a sample 

and measuring how the light intensity 

fades from the centre of the spot. 

Software then uses those properties to 

create a realistic model of the light moving 

and scattering beneath the surface.

Now Flemming Møller, a researcher 

at Danish food-ingredient company 

Danisco, is borrowing Jensen’s 

technique to help determine particle 

sizes in drinking yogurt and to measure 

the size of air bubbles and ice crystals in 

ice cream – important for quality 

control and standardisation. Like 

Jensen, he shines a spot of laser light 

on the yogurt or ice cream. As he has 

already correlated how the resulting 

pattern varies with particle and air 

bubble size, he can determine them 

from the shape of the spot. This allows 

Møller to test the products’ quality 

without having to sample the food 

invasively, something that always 

carries a risk of contamination. It also 

removes the need to dilute the samples, 

which is necessary for standard light-

based tests. 

The technique is not used routinely 

at Danisco but Møller hopes it will be 

become widespread. “This work has 

been an eye-opener,” he says. “I thought 

that computer graphics were very 

simple – you sit down and it’s a lot of 

nerds. I was very surprised that there 

was a lot of science behind it.” 

Compliments aside, Jensen has since 

updated the milk model so that it can 

be programmed to vary the sub-surface 

scattering and reflection according to 

the   relative fat and protein composition  

of the milk. The primary light-scattering 

particles in skimmed milk are clumps of 

protein, but whole milk also contains 

fat globules, which are larger than the 

protein clumps. Jensen’s model uses 

this to work out how to vary the way 

milk looks according to the fat and 

protein composition. He found that 

skimmed milk looks bluish, because 

protein molecules scatter blue light 

preferentially and whole milk looks 

white, because fat globules scatter all 

frequencies equally. 

He can also reverse the process to 

determine the fat and protein content 

of a sample of milk – and therefore the 

type of milk – just by shining light on 

it. He does this by running multiple 

milk simulations, tweaking the fat and 

protein content with each run until the 

optical properties of the simulated 

milk – and therefore the fat and protein 

content – match that of the real thing.  

Møller hopes to use the same technique 

to more precisely determine particle size 

in a sample. 

Jensen believes that such models 

will have other applications. By 

measuring how  pollutants, plankton, 

minerals and algae affect the optical 

properties of seawater, a model similar 

to the milk model could be used to 

monitor and interpret changes in the 

oceans, he says. And a model of the 

atmosphere might allow changes 

in its composition to be tracked.  ●
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Registered Charity No 207043

Monday 3 December at 6.30pm

Professor John Zarnecki

After an interplanetary journey of 
71/4 years, the European Space
Agency's probe Huygens landed on
the surface of Saturn's largest
moon, Titan, having been released
from NASA's Cassini spacecraft, on
14th January 2005. In this lecture,
the journey of the Huygens probe
will be described as well as its final
dramatic plunge to the surface.
Results will be presented as well 
as prospects for future missions. 

Touchdown
on Titan

Public lecture

Admission free – no ticket or
advance booking required.
Seats will be allocated on a
first-come-first-served basis.
Doors will open at 5.45pm.

Royal Society events are
frequently broadcast live on
the web. Visit the video archive
at www.royalsoc.ac.uk/live

The Royal Society
6-9 Carlton House Terrace,
London SW1Y 5AG
Tel: 020 7451 2683
Email: events@royalsoc.ac.uk
Web: www.royalsoc.ac.uk

BEWARE, very soon big brother 

will be able to follow you to work. 

Software is being designed to allow 

companies to flag up employees 

who are potential saboteurs, 

industrial spies or data thieves. It 

might also flag up whistle-blowers.

US companies surveyed earlier 

this year said at least one-third of 

damage to business due to 

cybercrime was committed by 

insiders. “Many of the biggest 

financial losses tend to be due 

to trusted insiders, individuals 

who steal or who disable 

computer systems,” says Gilbert 

Peterson at the Air Force Institute 

of Technology (AFIT) in Ohio.

Writing in a forthcoming 

edition of Digital Investigation, 

Peterson and colleagues say their 

software is based on an open-

source algorithm called   Author-

Topic . Developed by researchers 

at the University of California, 

Irvine, it gauges which topics 

authors commonly write about. 

Fed a series of documents, such as 

academic journal articles, Author-

Topic examines the frequency 

with which words appear in each 

and uses that to infer which topic 

that document is about. It then 

identifies topics that each person 

writes on most. 

Peterson’s team uses the 

software to analyse emails, rather 

than articles, and extra software 

records whether people are 

sending emails internally or 

externally. Their system identifies 

people who are not discussing 

certain, expected topics – say 

social activities – with their 

colleagues, and flags them as 

possibly feeling alienated. It also 

identifies those who are 

discussing sensitive topics 

externally and classes them as 

having “clandestine, sensitive 

interests”. People who are flagged 

in both categories could pose a 

risk to a company, say the authors.

In addition to potential 

saboteurs, the software can also 

spot whistle-blowers. When it was 

fed the   250,000 emails  sent 

between employees at bankrupted 

energy company Enron, it flagged 

employee Sherron Watkins as one 

of just three who were both 

alienated and had clandestine, 

sensitive interests. It was Watkins 

who blew the lid on the firm.

The search engine IDOL, made 

by Autonomy in the UK, can also 

detect insider threats, according 

to managing director Mike Lynch. 

But the AFIT system will be open-

source, so organisations will be 

able to use it for free. In most US 

states such software is legal, but 

Ian Brown of the Oxford 

Internet Institute says that in 

Europe employees can only be 

monitored if they are suspected 

of fraud.  Paul Marks  ●
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INSIDER BREAKDOWN

Jobs held by perpetrators in 49 insider attacks

on US companies (1996-2002)
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The Royal Society
6-9 Carlton House Terrace,
London SW1Y 5AG
Tel: 020 7451 2281
Email: events@royalsoc.ac.uk

Francis Crick Prize Lecture

Wednesday 5 December 
at 6.30pm

Professor Geraint Rees
University College London

Despite several centuries of research 
on the brain, communication through
language or gesture remains the only
way we can discover the conscious
thoughts and experiences of others. 
But if thoughts and feelings arise from
patterns of neural activity in the brain,
then it should be possible to directly
decode such conscious experiences 
from brain activity alone. 

Recent advances in brain imaging
technology raise just such a possibility,
by showing that it is possible to
accurately decode a person’s conscious
experience based only on non-invasive
measurements of their brain activity. 

Decoding
consciousness

Admission free – no
ticket or advance
booking required.

Royal Society events are
frequently broadcast live
on the web. Visit the
video archive at
www.royalsoc.ac.uk/live
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there is no reliable way to distinguish 

between conscious and subconscious thought 

processes. They can be described easily 

enough – psychologists use terms such as 

explicit/implicit, procedural/declarative or 

automatic/controlled to distinguish between 

the thought process. Explicit, declarative – or 

conscious – thoughts are those that can easily 

be expressed in words, for example, whereas 

subconscious ones are hard to articulate. 

Conscious thought processes are disrupted 

if you are forced to direct your attention 

elsewhere. Subconscious ones are not. But 

as yet you cannot simply look at an image 

of the brain and say what kind of thought 

process is being used. 

Yet there are several ways to investigate the 

conscious/subconscious divide, as Stanislas 

Dehaene, director of the Cognitive 

Neuroimaging Unit at INSERM, the French 

equivalent of the US National Institutes of 

Health, points out. One is to study people with 

brain damage who have conditions such as 

blindsight – where they are unable to see 

visual stimuli on one side following an injury 

or stroke. While they may be unaware of 

seeing an action or an object, if forced to 

“non-conscious”, “pre-conscious” or 

“unconscious” to describe thought processes 

that happen outside consciousness. Where 

Freud and his followers saw the subconscious 

as little more than an emotional and 

impulsive force in a constant tug of war with 

the more logical and detached conscious 

mind, we now know that this view is too 

simplistic. Our subconscious is not an 

unthinking autopilot that needs to be 

subjugated by rationality, but a purposeful, 

active and independent guide to behaviour. 

Some scientists go so far as to believe that 

it is responsible for the vast majority of our 

day-to-day activity and that we are nothing 

more than “zombies” guided by our 

subconscious. This is an extreme point of 

view, but in the past few years, researchers 

trying to understand the nature of human 

consciousness and how it differs from the 

subconscious have made some surprising 

discoveries. Put the findings of many studies 

together and another picture emerges. There 

is more to being human than consciousness.

To get to this new view of the subconscious, 

neuroscientists and psychologists have had to 

fight hard to overcome a major barrier. So far, 

 ●
EARLIER this year I found myself 

thinking about thinking. Specifically, 

what is it that makes the human mind 

so special? Like many people, I have always 

believed that the answer lies in our capacity 

for conscious thought. But listening to 

speakers at a recent Ernst Strungmann Forum 

in Frankfurt, Germany, I began to wonder if 

there might be more to it than that. 

It was a discussion entitled “Better than 

conscious” that had me intrigued. The more 

I listened to what the assembled scientists had 

to say and talked to them about their work, the 

more it seemed that our higher consciousness 

alone is not what sets us apart from other 

animals. In fact, far from playing second fiddle 

to the conscious mind, subconscious thought 

processes may play a crucial role in many of 

the mental facilities we prize as uniquely 

human, including creativity, memory, 

learning and language.

Modern notions of the subconscious were 

invented by Sigmund Freud as part of his now-

discredited theory of psychoanalysis. These 

days the subconscious is on a firmer scientific 

footing – although many neurobiologists 

avoid the word “subconscious”, preferring 

The other you
Meet the unsung hero of the human mind. By Kate Douglas
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environment such that when the input 

becomes important enough, the subconscious 

decides to engage the conscious and we 

become aware of what is there. This is 

certainly what neurobiologist Michael 

Shadlen from the University of Washington in 

Seattle believes. “We suspect that the normal 

unconscious brain monitors the environment 

for cues that prompt it to decide whether to 

awaken and engage… The decision to engage 

at all is, in effect, an unconscious decision to 

be conscious.” 

This idea that consciousness is 

orchestrated by the subconscious brain finds 

support in the recent dramatic “awakening” of 

a man who had spent six years in a minimally 

conscious state. Nicholas Schiff of the Weill 

Cornell Medical College in New York and his 

team stimulated a part of the man’s brain 

called the thalamus, which lies between the 

brainstem and the cerebral hemispheres and 

forms connections to the cortex (  New 

Scientist, 4 August, p 14 ). A special class of 

neurons within the thalamus, the calbindin-

positive cells, have long been thought to play 

a role in arousal by stimulating the cortex. 

Sure enough, following stimulation of the 

50 milliseconds – less if the word has 

emotional significance, which makes it more 

attention-grabbing. Dehaene’s neuroimaging 

experiments, using both functional MRI and 

EEG, seem to reflect this, revealing widespread 

brain activity once the word is consciously 

perceived. He believes that two things are 

required for conscious processing: the 

stimulus has to be strong enough, and we have 

to focus our attention on it. Once this happens 

many areas of the brain, including working 

memory, have access to the word.

Sit up and take notice
So much for conscious perception. What 

does work like this tell us about the other side 

of the coin? Dehaene’s masking experiments 

suggest that  the subconscious is far from 

being a closed box. He has found that 

even when a word flashes up for less than 

50 milliseconds and people are not aware of 

having seen it, they could still guess whether 

the word described a natural or artificial item 

more often than by chance.

What this suggests is that our brains 

constantly monitor our internal and external 

guess what was in that visual field they 

perform far better than would be expected by 

chance. This suggests that while they may not 

consciously see a stimulus, they are able to 

subconsciously process what they have seen 

and respond appropriately.

Another approach, which Dehaene uses 

in his lab, is called masking. Here volunteers 

are shown a word for just a few tens of 

milliseconds, followed by another image, the 

mask, which prevents the subject consciously 

noticing the word. By gradually increasing the 

delay between the word and mask, awareness 

of the word moves from the subconscious into 

the conscious mind. You can measure when 

this happens by asking subjects to say when 

they first notice the flashed word or, more 

objectively, by asking the volunteers questions 

about the target word – for example, asking 

them to decide whether it is a natural or 

artificial item. Using brain scans you can also 

  look for differences in brain activity  during 

subconscious and conscious perceptions of 

the word (PLoS Biology, vol 5, e260).

These methods show the masked word 

“popping” into consciousness when the 

interval between the two images is around 
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thalamus, the man was suddenly able to 

open his eyes, speak and feed himself. In a 

commentary on the work, Shadlen and his 

colleague Roozbeh Kiani argue that this is the 

network through which the subconscious 

brain makes its decision to generate 

consciousness  ( Nature, vol 448, p 539 ). 

Crucially, Shadlen sees the subconscious 

and conscious as two parts of the same 

system, rather than two separate thought 

processors working in the same machine. 

However, while Shadlen argues for a unified 

model of mental processing, others want to 

further subdivide conscious and subconscious 

thought and have come up with alternative 

descriptions to replace the old two-part 

model. Peter Dayan, a theoretical 

neuroscientist at University College London, 

and colleagues Nathaniel Daw and Yael Niv, 

  see the mind as comprising four systems  (see 

Diagram, page 46) that work together to 

control our decision-making and behaviour 

(Nature Neuroscience, vol 8, p 1704). First is the 

Pavlovian controller – the brain’s autopilot, 

programmed by evolution to perform routine 

and instinctive behaviours such as fleeing 

from danger. Working primarily at the 

subconscious level, the Pavlovian controller 

is fast and efficient, if inflexible. 

The other three control systems combine 

both conscious and subconscious thought to 

achieve the best possible outcome depending 

on the level of uncertainty about the situation 

you are in. The goal-directed controller 

corresponds most closely to popular notions 

of “rational thought”. It allows you to optimise 

your choices by evaluating all the available 

information. When information is scarce, 

however – in unfamiliar situations or the very 

early stages of learning – another system, the 

episodic controller, takes charge. Instead of 

making complex calculations, it simply 

recommends adopting behaviours that 

have proved successful in similar situations 

in the past. Both rely heavily on conscious 

reasoning, and require you to focus on 

the problem at hand.

Once you achieve expertise in a skill such 

as driving, typing or playing golf, the fourth 

system, the habitual controller, comes into 

its own. Although we consciously learn to do 

these things, with experience they become 

second nature and we can do them 

automatically – in fact, once this happens, 

  conscious analysis actually inhibits 

performance  (Journal of Experimental 

Psychology, vol 8, p 6).

In this model, subconscious/implicit 

thought processes and conscious/explicit 

ones are more like equal partners than 

competitors. The two work together in the 

goal-directed controller, for example, to 

evaluate all the available information whether 

consciously or subconsciously perceived. So, 

for example, your decision to buy a certain 

product may be influenced by both explicit 

factors such as price and quality and implicit 

ones such as your mood, or an advert that you 

have seen but not necessarily noticed.

Dayan says that our behaviour is often 

driven by more than one of the four 

controllers – the various types of explicit 

and implicit thought process may be actively 

integrated, and this is especially true when we 

are learning something new where the 

balance between ignorance and experience 

changes. Importantly, the subconscious isn’t 

the dumb cousin of the conscious, but rather 

a cousin with different skills. 

Out of the blue
What’s more, non-conscious thinking may 

actually work best in some cases where you 

might imagine rational, conscious thought 

is the best tool for the job. In situations where 

people have to make difficult choices based on 

large amounts of hard-to-assess information, 

psychologist Ap Dijksterhuis at the University 

of Amsterdam in the Netherlands has found 

that they are happier with their decision when 

acting on gut instinct than when forced to try 

to think the choice through rationally (New 

Scientist, 5 May 2007, p 35). Dijksterhuis is 

convinced that subconscious thought 

processes are superior in many situations – 

including most social interactions – because 

they allow us to integrate complex 

information in a more holistic way than can 

be managed by rational thought processes.

Something similar sometimes happens 
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 “Is there a higher 
human subconscious 
on a par with our 
higher conscious?”
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in problem solving, according to Jonathan 

Schooler from the University of British 

Columbia in Vancouver. By asking subjects 

to explain their reasoning as they go, he has 

found that verbalising what they are doing has 

no effect on people’s ability to solve analytical, 

mathematical or logic problems but actually 

hinders performance on insight problems, 

such as solving a riddle – those for which the 

solution seems to pop out of the blue in an 

aha! moment. Remember that subconscious 

thought processes differ from conscious ones 

in that we are unable to articulate the former. 

So here, it seems, is experimental evidence for 

something we all instinctively know: that 

subconscious thinking is the source of our 

inspiration – it is central to creativity.

A classic study into the neural basis of 

creativity suggests that it depends on an 

ability to shift gear between subconscious 

and conscious processing. Three decades ago, 

Colin Martindale of the University of Maine in 

Orono charted what is happening in the 

creative mind using EEG. He asked people to 

invent stories and found two distinct stages of 

brain activity. During the initial “inspiration” 

stage, their brains were remarkably quiet. Any 

activity was dominated by alpha waves, which 

indicates very low cortical arousal as though 

the conscious mind was quiescent while the 

subconscious worked behind the scenes. 

Intriguingly, you find a similar pattern during 

dream sleep and relaxation, two mental states 

also associated with high creativity. This 

“inspiration” stage was followed by a second 

stage, “elaboration”, characterised by far more 

activity especially in the cortex, and probably 

associated with the conscious analysis and 

evaluation of ideas. People with the greatest 

difference in brain activity between these two 

stages were the most creative. More recently, 

Jordan Peterson at the University of Toronto, 

Canada, has argued that in highly creative 

people subconscious information is more 

likely to overspill into consciousness, giving 

them richer mental resources from which to 

make creative connections (New Scientist, 

29 October 2005, p 39).

It’ll come to me
The sort of inspiration that comes in a flash 

is not just about creativity, however. Elke 

Weber from Columbia University, New York, 

points out that it is important for memory 

too. For example, when we are having 

difficulty remembering someone’s name we 

often consign the problem to our 

subconscious in the knowledge that it will 

probably pop into our minds when we are no 

longer actively thinking about it. How this 

works is a mystery but, Weber argues, it 

46 | NewScientist | 1 December 2007  www.newscientist.com

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

surely belies the idea of the subconscious 

mind as inflexible and constrained.

So does all of this mean that the 

subconscious is as important an aspect of our 

humanity as the conscious mind? Ours is a 

species distinguished by its superior ability to 

learn new tricks, so maybe the subconscious – 

perhaps in the form of the habitual 

controller – took a crucial role in the evolution 

of our ancestors from bipedal apes to highly 

skilled tool-makers, hunters and craftspeople. 

Studies on rats and monkeys indicate that 

they too consign skills to subconscious 

control once they become expert. “Still, we 

may have a greater capacity for this,” says 

Dayan, “since we have the huge advantage of 

being able to use language to boost our goal-

directed control and so provide a much richer 

substrate for acquiring habitual skills.”

The subconscious mind may even have a 

hand in our unique talent for language. Often 

we are only consciously aware of words as we 

speak them. So does that make language the 

mouthpiece of the non-conscious mind? And 

what about the process of learning to speak? 

Infants do not need tutoring to acquire their 

native language; they pick it up 

subconsciously. What’s more they do this with 

remarkably little linguistic data – what the 

Harvard University linguist Noam Chomsky 

has called the “poverty of stimulus” – 

suggesting that this subconscious learning 

allows youngsters to use information very 

efficiently. Perhaps this also explains why new 

languages are more difficult to acquire after 

about the age of 8 – if we then gradually lose 

that subconscious ability and so have to learn 

language in a more formal, didactic and 

conscious way. These questions remain 

unanswered, and perhaps that is not 

surprising. As Dayan points out, we still have 

a long way to go before we fully understand 

the various components of subconscious 

thought. “The aspects of learning that lead 

us to acquire a language may have nothing 

whatsoever in common with other non-

conscious facets,” he says.

It is intriguing to wonder whether the 

human subconscious mind is different 

from that of other animals. Is there a human 

“higher subconscious” on a par with our 

“higher consciousness”? Given the 

difficulties of even pinning down the nature 

of consciousness, it is far too early to start 

elevating the subconscious to such heights. 

Still, if there is one thing everyone in 

Frankfurt agreed on, it is that our non-

conscious thought processes are a lot 

cleverer than we once realised.  ●
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 ●
IT’S not every day you get to step 

inside a spaceship. What struck me 

most about NASA’s new craft, Orion, is 

that I could actually stand up in it. The first 

vehicle in four decades designed to take people 

to the moon, it is a world away from the 

cramped Apollo capsules of old.

And this one is just a mock-up. With eight 

years to go before a crew of six is scheduled to 

blast off – first to the International Space 

Station (ISS), and five years later to the moon – 

the real thing is likely to be a little different. 

I’m told it will boast sleek, comfortable seats 

which fold away to give the crew room to 

move and flat-panel touch-screen displays 

modelled on the cockpit instruments of 

Boeing’s new 787 Dreamliner. That’s quite a 

contrast to the sea of switches and dials that 

typified Orion’s predecessors. 

It’ll be a tighter fit than the space shuttle’s 

cabin, but Orion was never about luxury 

living. The goal is to fly crews to the ISS and to 

the moon safely, reliably and as cheaply as 

possible. Follow-up versions could one day 

ferry astronauts to Mars or nearby asteroids.

Orion – also called the Crew Exploration 

Vehicle by NASA insiders – is the long-overdue 

injection of new blood into NASA’s ageing 

space fleet. It has been 26 years since the 

launch of the first space shuttle and the 

human space programme has been trapped in 

low-Earth orbit ever since. Sure, there were 

daring satellite rescues and upgrades to the 

beloved Hubble Space Telescope.  But there 

have also been two fatal shuttle accidents, 

both of which were subsequently deemed 

avoidable by panels of external experts. 

It took the Columbia shuttle disaster in 

2003 to put an end to NASA’s hopes of 

extending the shuttles’ lifespan and get them 

behind the idea of brand new rockets and 

spaceships. It now plans to retire the shuttle 

Atlantis in 2008, and the final shuttle flight 

will touch down in 2010. The fleet’s twilight 

years will be taken up with an intensive, and 

expensive, effort to build the final third of the 

space station – no small task, given it took 

nine years to get the first half up there. 

NASA has purchased almost everything it 

needs to fly the shuttles’ remaining flights, 

and the manufacturing lines are beginning to 

shut down. Once this has happened it will be 

as expensive and time-consuming to resurrect 

the programme as it would be to continue 

along the newly chosen path toward Orion, 

the moon and beyond. NASA is nearly “past 

the point of no return”, says Bill Gerstenmaier, 

the agency’s associate administrator for space 

flight. By the time next year’s presidential 

election rolls around it will be too late, and too 

expensive, to turn back.

NASA admits that Orion is in some ways 

a step back in time – an attempt to pick up 

where Apollo left off. “We could have already 

built up an early lunar outpost, or smaller 

ones at different places of interest,” says 

NASA’s administrator Michael Griffin. “Most 

of the next 15 years will be spent recreating 

capabilities we once had, and discarded.”

As versatile as the shuttle is, it has several 

characteristics which rule it out when it comes 

to meeting NASA’s new challenges. Firstly, it 

was designed for low-Earth orbit, not for the 

long haul to the moon. Secondly, it has a fatal 

design flaw in the way it is attached to its 

external booster stack. The Mercury, Gemini 

and Apollo capsules rode atop their launch 

rockets so there was no chance that any debris 

falling from the rockets during lift-off would 

cause damage to the capsule. What’s more, in 

the event of a malfunction during launch the 

whole stack could be jettisoned and the crew 

craft flown to safety. Not so with the shuttle. It 

is flung into space piggy-backing on a huge 

foam-covered fuel tank, which itself nestles 

between a pair of rocket boosters that cannot 

be turned off once they are fired up. The 

shuttle is simply too exposed during launch, 

as the Columbia accident showed.

The craft disintegrated on re-entry because 

of damage caused during lift-off, when a piece 

of insulating foam broke away from its 

external fuel tank and smashed into the 

shuttle’s wing, breaching its heat shield. 

Orion capsules will face no such dangers 

N
A

SA
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Apollo 2.0
NASA’s Orion spaceship may have retro looks 
but any similarity with early lunar craft stops 
there. Irene Klotz climbs aboard

 “Orion will fly to the 
moon, nearby asteroids 
and eventually to Mars”
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as they will be perched on the nose of their 

rocket. They should also be much less prone to 

the kind of launch disaster that befell shuttle 

Challenger in 1986, as the design incorporates 

an escape system which will fly the capsule to 

safety in case of a rocket malfunction during 

lift-off (see “Abort! Abort!”, opposite). Orion 

will be at least 10 times safer than the shuttle, 

says Scott Horowitz, the former associate 

administrator for NASA’s Exploration Systems 

Mission Directorate, which oversees the new 

human exploration initiative.

With the Orion capsule and the new Ares 

rockets that will launch it clearly reminiscent 

of the Apollo spacecraft – even Griffin likens 

them to “Apollo on steroids” – it made sense 

for   NASA to hire Apollo-era veterans  to serve 

as technical advisers. “Apollo accomplished its 

objectives under budget and on time, and that 

is relatively rare in the space programme,” 

says Frank Sietzen, a space policy analyst 

based in Washington DC.

The capsules are being designed to carry 

six astronauts to the ISS or four to the moon. 

Apollo spacecraft ferried a crew of three, one of 

whom had to stay in the command module as 

it remained in orbit around the moon while the 

other two dropped to the moon’s surface in a 

separate lander. Orion is designed to remain 

unoccupied in lunar orbit for up to six months 

while all four astronauts get busy on the moon.

Orion’s conical shape is identical to the 

Apollo capsule, though the 21st-century model 

will boast more than twice its volume. Sitting 

inside the full-scale mock-up, it still doesn’t 

exactly feel spacious – you can move from one 

end of it to the other in just seven steps. 

Project managers insist that the capsule will 

feel roomier in zero gravity, when astronauts 

can float around and stand on any wall. 

Creature comforts
Then there’s the bathroom, which on any 

spaceship is guaranteed to capture the 

attention of landlubbers. It will boast a urinal 

suitable for both men and women and a toilet 

for faecal matter. Not much to write home 

about, you might think, but the Apollo crews 

would have loved it: they had to relieve 

themselves into bags attached to their bare 

behinds. Other Orion upgrades include a basic 

galley, crew quarters and electronic cockpit 

with touch-screen displays and control panels 

that can be stowed when not in use.

Getting to the moon requires serious 

rocket power. For Apollo, NASA created the 

heavy-lift Saturn 5 rocket, which lofted the 

N
A

SA
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that time, NASA’s recent $500 million 

investment in start-up commercial 

launching companies may have paid off. The 

hope is that one or more of these firms may 

then be able to take over responsibility for 

cargo transports to the ISS, and possibly for 

ferrying crew to and fro. 

To help cut costs, Orion capsules are being 

designed to be used up to 10 times each. 

Likewise, the shuttle-based boosters on the 

Ares launchers can be retrieved from the 

ocean after separation, refurbished and 

reflown. NASA hopes to skip the expensive 

water recoveries of the Apollo capsules and 

have the Orion capsules parachute down on 

dry land, aided by a combination of steering 

rockets and airbags. Landings, like launches, 

will be fully automated. “The state-of-the-art 

technologies that are required to make this 

vehicle successful are already here and have 

been proven on other spacecraft,” says Cleon 

Lacefield, the Orion project manager at 

Lockheed Martin. “I think it has an extremely 

high chance of success.”

Let’s hope so because, with the shuttle fleet 

retiring, NASA really has no other choice.  ●

  Irene Klotz  is a space writer based in Florida

entire entourage of capsule, propellant 

module and lunar surface vehicle in one go. 

This time NASA is taking a radically different 

approach that will involve two versions of the 

Ares rocket making separate launches within 

hours of each other. The crewed Orion capsule 

will go into Earth orbit on the second of these. 

Before that a larger booster will have carried 

everything else into orbit: the propellant 

module, called the Earth Departure Stage, 

which will power the journey from Earth orbit 

to the moon and back, plus the lunar lander, 

known as the Lunar Surface Access Module. 

After docking with its propellent module, 

the Orion capsule will be able to begin the 

385,000-kilometre journey to the moon in 

earnest (see Diagram, above). The first lunar 

flight is scheduled for around 2020 and is 

expected to cost about $100 billion.

NASA hopes that the new programme will 

eventually lead to crewed missions beyond the 

moon, eventually to Mars. The agency is also 

considering using an Orion spacecraft to help 

crash Hubble safely into the ocean at the end 

of its life. “If [Orion] can go to the moon, it can 

probably take up a solid rocket motor to 

Hubble,” says Ed Weiler, head of NASA’s 

Goddard Space Flight Center in Greenbelt, 

Maryland, which oversees the telescope.

Orion’s first missions, beginning around 

2015, will be to the ISS. NASA’s contract with 

Orion’s manufacturer, Lockheed Martin, 

envisages it being used to send crews to 

the space station up until 2020 if needed. By 

Roomy enough in zero 
gravity when the astronauts 
can stand on any wall

Abort! Abort!
Astronauts know to expect a fast 

and furious trip into orbit, but 

crew members aboard the new 

Orion capsules could face a very 

different ride if things go 

wrong on the ground in the 

seconds before blast-off. To give 

the astronauts and launch pad 

workers a fighting chance, 

NASA is planning to install a 

roller coaster-style escape system 

that would whisk them to safety 

at a moment’s notice.

Small rail cars parked near the 

capsule’s entry hatch, about 

110 metres above ground, would 

take a maximum of 15 people on a 

near-vertical plunge to the pad’s 

base, where they could take 

shelter in a bunker. The journey 

down would take just 11 seconds.

The Orion capsule itself will 

have a rocket-powered abort 

system that can separate the 

spaceship – with the crew on 

board – from a stricken launch 

vehicle and fly it to safety. This 

launch abort system is designed 

to pull the crew and capsule 

off the rocket either on the launch 

pad or at any point during the 

climb into orbit.

Russia’s Soyuz rockets have a 

similar system, and it has proven 

its worth. In 1983, cosmonauts 

Vladimir Titov and Gennady 

Strekalov were awaiting lift-off 

when a fuel leak triggered a fire 

and explosion. Their ship was 

already engulfed in flames when 

the abort system kicked in, 

catapulting them to safety.
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The bog 
barons

 ●
I AM standing in the heart of the 

world’s second largest tropical peat 

swamp, the Kampar bog in central 

Sumatra, watching the swamp’s water drain 

away along a small canal. Across the western 

side of the bog there are dozens more drains. 

The peat bog is bleeding to death before me.

Until five years ago, Kampar was a true bog 

with water at the surface, and it was covered 

by a rich rainforest in which Sumatran tigers 

roamed. A huge dome of peat, up to 15 metres 

deep, had built up over the past 6000 years as 

woody debris fell into the swamp. It contains 

several billion tonnes of carbon.

Now this part of the Kampar bog has been 

clear-felled, and the canals have been installed 

to turn it into plantations. As water levels fall 

beneath the blackened and treeless wasteland, 

the peat is drying and decomposing, releasing 

more carbon dioxide into the atmosphere per 

square kilometre than do many cities. 

I watched as workers planted acacia trees 

for paper and palm oil trees destined to make 

As peatland forests 
are felled and drained, 
thousands of years’ 
worth of accumulated 
carbon is being released 
in just a few years
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The despoilers of Indonesia’s swamp forests now 
want to be paid to staunch the flow of carbon from the 
exposed peat. Fred Pearce reports from Sumatra

biofuels to help reduce Europe’s CO2 

emissions. Yet draining the peat will release 

30 times more CO2 than will be saved by 

replacing fossil fuels with biofuels – an irony 

that is hard to stomach. The fact that 

European countries can meet their Kyoto 

protocol obligations by sponsoring activities 

that have helped turn Indonesia, of which the 

giant island of Sumatra is a part, into the 

world’s third largest emitter of greenhouse 

gases is a savage indictment of the perverse 

incentives created by the protocol.

Next week, the world’s governments will 

assemble on the Indonesian island of Bali to 

discuss what should follow Kyoto. The fate of 

peatlands like Kampar will be an important 

topic. The Indonesian government is expected 

to argue that the very companies destroying 

the bogs should be awarded carbon credits for 

stopping the haemorrhaging of even more 

carbon. But can the region’s great despoilers 

really become its saviours?

The destruction of tropical peatland forests 
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biscuits. Global production has been soaring 

and Indonesia now produces a third of the 

global crop. In Riau, palm oil plantations 

already cover more than 15,000 square 

kilometres – a fifth of the province – with 

another 5000 square kilometres planned to 

meet the expected demand for biofuels. Local 

politicians see this as boosting both industrial 

and rural development.

That may be true, but in climate terms, 

razing rainforests to grow palm oil for biofuels 

is madness. Clearing a hectare of tropical 

forest releases between 500 and 900 tonnes 

of CO2. Since turning a hectare’s worth of palm 

oil into biodiesel saves approximately 

6 tonnes of fossil CO2 emissions a year, it will 

take 80 to 150 years of production to offset the 

one-off emissions from trashing the forest.

That is bad enough. If the forest is growing 

on a peat bog, however, the CO2 losses are far 

greater and continue far longer.

During a drought in 1997, when fires set by 

farmers in Sumatra burned out of control, the 

peat bogs produced most of the smoke that 

blanketed vast swathes of south-east Asia. 

Later studies suggest that the burning peat 

accounted for as much as   40 per cent  of 

human CO2 emissions that year.

What is only now becoming clear is that 

burning is not the only threat. With or without 

fires, the draining of peatlands is causing 

massive emissions of CO2.

The critical process here is oxidation. As 

long as peat stays wet, the acidity and lack of 

oxygen preserve organic matter, allowing the 

peat to build up. But when water levels fall and 

the peat begins to dry, the organic matter 

starts to break down. The loss of forest 

accelerates the process by exposing bare peat 

to the tropical sun. Emissions continue until 

any peat above the water table is gone.

Where water is drained to a depth of a 

metre, typical for many palm oil plantations, 

about 10 centimetres of peat disappears every 

year. This emits between 130 and 180 tonnes 

of CO2 per hectare each year.  So, including 
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is a disaster for many reasons, not least its 

global impact. Peat holds many times more 

carbon than the forest above it. Marcel 

Silvius, a tropical ecologist at Wetlands 

International, estimates that in south-east 

Asia, 130,000 square kilometres of peatland 

forests have already been cut down and 

partially drained. As a result, an average of 

2 gigatonnes of CO2 is being released each year 

through burning and decomposition. That’s 

equal to 8 per cent of the total annual global 

CO2 emissions from fossil fuels – and 90 per 

cent of it comes from Indonesia alone.

Here, forests are being cut and the peat 

drained to make way for two crops: palm oil 

trees for food and biofuels, and acacia to make 

pulp for paper. This is happening fastest on 

Sumatra, and most intensively of all in the 

central Sumatran province of Riau. Until the 

late 1980s, Riau was 80 per cent jungle. Today 

it’s just 30 per cent.

Palm oil is used for cooking and as an 

ingredient in everything from shampoo to 
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access, clear-felling the forests and replacing 

them with acacia trees. Acacia grows 

spectacularly well here – up to 25 metres in 

five years, at which point they are harvested. 

The companies can sell their products cheaply, 

outcompeting others around the world.

Acacia, however, can grow on peatland 

only if it is kept drained. Peatland scientist 

Jonathan Bathgate, who works for APRIL, is 

candid about the carnage his company has 

wreaked in recent years. He explained the loss 

of peat to me as we cruised canals in a newly 

exploited patch of western Kampar, passing 

barges carrying timber out of the bog.

This 100-square-kilometre patch is likely 

to be the first of many to be drained across 

the 4000-square-kilometre Kampar peatland 

in the next few years. Its surface has 

collapsed by more than a metre in the past 

five years, resulting in carbon losses of about 

1800 tonnes per hectare. And if development 

continues as expected, the peat surface could 

go down by over 5 metres within 25 years, 

according to an unpublished report for APRIL 

by the UK-based consultancy ProForest.

Some say that the loss of forest and 

haemorrhaging of CO2 from peat bogs is a 

reasonable price to pay for the development 

of the world’s fourth most populous country. 

After all, western countries long ago razed 

their own forests and drained many of their 

swamps. Why shouldn’t tropical countries do 

the same? Moreover, even taking into account 

deforestation and peat loss, Indonesia’s CO2 

emissions per head remain below Europe’s 

and are half those of the US.

From the number of mud-spattered Land 

Cruisers travelling the logging roads of Riau, it 

is clear that much wealth is being generated. 

But this is a “wild east” where there are many 

losers as well as winners.

I saw that on the banks of the Indragiri river 

on the edge of the Kerumutan peatlands. Here, 

Kuala Cenaku, a community of 7000 people, 

has for centuries harvested rattan and honey, 

cut a few trees and planted rubber trees on 

what they regard as their lands. Then last year 

loggers arrived, claimed the land had been 

given to them by the government, and cut down 

the forest for 5 kilometres south of the river.

Kuala Cenaku’s forest is now a wasteland of 

charred wood on drying peat. In places the 

Duta Palma group has planted palm oil trees. 

Yet community head Mursyid Muhammad Ali 

said his people had scared off the planters and 

are determined to take the land back. At the 

jetty, I saw a boatful of new rubber seedlings 

for restoring the forest.

Days later Greenpeace sent in volunteers to 

block up the drainage canal dug by Duta 

Palma (left), but it was likely to be a token 

effort – the intact forest beyond the charred 

lands is set to become an APRIL concession.

mill owners. One company is Asia Pacific 

Resources International (APRIL), part of RGM 

International, an empire owned by Singapore-

based magnate Sukanto Tanoto. APRIL’s rival is 

the Sinar Mas Group dynasty founded by Eka 

Tjipta Widjaja, which owns Asia Paper and 

Pulp (APP). 

APRIL and APP have built two of the world’s 

largest pulp mills in the jungle near Pangkalan 

Kerinci – now a town of 50,000. On the way to 

Kerinci, I passed 44-wheel “road trains” 

carrying acacia logs, which run on company 

roads because they are too heavy and 

dangerous for public roads. They supply 

APRIL’s mill alone with 22,000 tonnes of 

timber a day, much of which is turned into the 

company’s main paper brand, PaperOne.

Having logged thousands of square 

kilometres of easily accessible forests, the 

two companies have moved on to swamp 

forests. Some 60 per cent of APRIL’s 

concessions are now on peat. The companies 

are installing huge networks of canals to gain 

the one-off releases from deforestation, each 

hectare of peatland drained for palm oil will 

emit between 3750 and 5400 tonnes over the 

next 25 years, according to Jack Rieley, a 

tropical peatlands specialist at the University 

of Nottingham, UK. Even if the palm oil is 

used as biofuel, a hectare’s output will save 

only 150 tonnes in vehicle emissions over the 

period, meaning 25 to 36 times as much 

carbon will be emitted as is saved .

Yet when I went to see Ang Boon Beng, head 

of a research station run by palm oil company 

Asian Agri, he suggested that the peatland 

plantations absorb carbon. This ignorance 

extends to the authorities. At the plantation 

department in the provincial capital of 

Pekanbaru, they told me that peat less than 

3 metres thick does not emit CO2 when drained.

During my travels, however, it became clear 

that palm oil is not the biggest problem. The 

main driver of deforestation and peat-bog 

draining here is the voracious appetite for 

timber, and the big players are two giant pulp 
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Activists block drainage 
canals (top). Locals say 
the continual fires are 
harming children

 “ The main driver of deforestation 
and peat-bog draining is the voracious 
appetite for timber” 
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Something remarkable is happening at the 

pulp giant, however. Wary of the future of its 

timber supplies and its worsening reputation, 

the company  – unlike rival APP – has begun 

talking to environment groups.  

For several years, APRIL and the 

environment group WWF have been 

engaged in an experiment to combine 

exploitation of forests round the Tesso Nilo 

national park in central Riau with 

conservation of the park itself. According to 

WWF’s Michael Stuewe, Tesso Nilo has greater 

biodiversity than almost any other lowland 

rainforest worldwide. But it is besieged by 

migrants looking for land to grow palm oil. 

The idea is to create a “ring” of acacia 

plantations round the park that could be 

policed to protect it.

Besieged
As I travelled along this ring, though, it was 

clear that things were not going well. A new 

road built by APRIL seemed to be attracting 

migrants. I met three young men squatting 

at the roadside. They said they had come 

18 months before from northern Sumatra. The 

head of a village along the road, Kusuma, had 

sold them 6 hectares for about $2600. Now 

they were planting palm oil. 

A bit further on, three more men were 

living in a small hut, with a similar tale. Such 

unofficial, often illegal development extends 

deep into the national park, where an entire 

village has been built. 

As we drove around, my WWF guides were 

reluctant to stop and talk to locals. Five 

months before, one of them had been beaten 

up by a gang. Earlier, two of APRIL’s staff were 

murdered during protests against new rules 

banning trucks carrying illegal logs from 

boarding a ferry owned by the company.

With the Tesso Nilo park now almost 

divided in two by the illegals, some regard it as 

a lost cause. The new front line in Sumatra is 

the coastal peatland. Here, too, APRIL has 

concessions and wants to surround the 

Kampar bog with a ring of plantations.

Some accuse APRIL of putting up a green 

smokescreen while it trashes another 

rainforest. The company insists it is sincere. 

Only it can save Kampar, with its carbon, its 

tigers and the few dozen indigenous Akit 

hunter-gatherers that live there, APRIL claims.

“If nothing is done, the parks will all be 

gone in 10 years,” says Jouko Virta of APRIL, 

who is credited with the “greening” of the 

company. “The government should use us to 

protect conservation areas in return for being 

allowed to make productive use of the rest.”

It’s not just about keeping migrant farmers 

and illegal loggers out. The company also 

claims its engineering expertise can reduce 

emissions. It wants to close as many of the 

canals draining the bog as possible, and then 

maintain water levels as high as is possible 

while still allowing acacia to grow. “We believe 

that we can cut CO2 emissions by 80 to 90 per 

cent by minimising the dry zone,” says Virta.

At WWF they remain unconvinced. “I don’t 

believe them,” says Stuewe. “They have failed 

in Tesso Nilo and they would fail again in 

Kampar. Both APRIL and APP have built roads 

into the Kampar dome, into the heart of the 

biggest carbon store in southeast Asia. They 

are stakes into the heart of the bog.”

Some think the only solution is to 

conserve all of Kampar by shutting the 

roads and closing the canals. What about the 

government? Indonesia is a democracy, but 

one mired in corruption and with confused 

and contradictory laws.

Arguably, neither APRIL nor APP should be 

allowed to work on most of the peatlands at 

all. According to Indonesian law, nobody is 

allowed to exploit land where the peat is more 

than 3 metres deep. Yet the government has 

awarded logging and plantation concessions 

on such land. Bathgate admits that many 

APRIL concessions are on peat 6 to 8 metres 

deep. Are those concessions invalid? Or does a 

concession trump the law? Nobody knows.

The next steps to resolving Kampar’s 

future could come during the upcoming 

negotiations in Bali. At the conference, 

Indonesia is planning to make the case that 

any successor to the Kyoto protocol should 

reward countries in the developing world with 

carbon credits for avoiding carbon losses from 

deforestation and drained peatlands.

Just as rich countries and companies can 

get tradeable credits for cutting emissions, the 

idea is that developing countries should get 

credits for avoiding future increases. It has 

strong support from many countries.

“The world has to provide incentives for 

Indonesia to preserve its peatlands,” says 

the country’s head of forestry research, 

Wahjudi Wardojo. For him, the nearly 2 billion 

tonnes of CO2 a year being released from the 

country’s peatlands are a massive bargaining 

chip. And companies like APRIL argue that the 

prospect of revenues from carbon credits 

would justify reducing their own emissions 

and managing land already leaking carbon 

into the air.

In all, an estimated 155 gigatonnes of CO2 

remains locked away in the waterlogged 

peatlands of south-east Asia. That’s as much as 

the entire world’s fossil fuel emissions for the 

past five years. There’s no doubt that the 

continued destruction of peatland forests will 

greatly accelerate climate change. The 

question is: does the world trust the barons of 

the bogs to protect them in future as well as 

they have wrecked them in the past? And if 

not, what’s the alternative?  ● 
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 ●
THERE’S something lurking in the 

waters of Monterey Bay, off the 

California coast. It attaches itself to the 

southern point of the bay, wends its way 

almost 40 kilometres northward towards 

Santa Cruz, then meanders south-east before 

disappearing into the depths of an underwater 

canyon at the centre of the bay. It’s not a living 

creature and it’s not even visible to the eye, yet 

it can mean life or death to the fish and other 

wildlife that inhabit this marine sanctuary.

So what is it? It’s a moving wall of water 

that effectively controls which currents will 

flow out to the open sea, and which will loop 

back into the bay. For marine biologists, this 

divide is all-important because it controls the 

flow of pollutants as well as water. Near the 

Beneath the chaos and confusion of turbulence, there’s a 
strange kind of order. Dana Mackenzie investigates

PE
TE

R
 M

CB
R

ID
E/

IC
O

N
IC

A

54 | NewScientist | 1 December 2007  www.newscientist.com

All stirred up

071201_F_Turbulence.indd   54071201_F_Turbulence.indd   54 22/11/07   10:39:21 am22/11/07   10:39:21 am



middle of the bay, a power plant discharges 

warm waste water that can raise the average 

temperature of the bay enough to kill some 

native fish. Depending which side of the 

effluent pipe the divide lies on, the waste 

water will either flow out to sea – where its 

effect will be negligible – or recirculate into 

the bay, heating it up. 

Mathematicians and physicists describe 

this wall of water as a “Lagrangian coherent 

structure”. This insight allows them to model 

the complex flow of water in the bay and 

suggest a strategy for minimising the 

damaging effects of the effluent from the 

power station. It is a striking example of how 

researchers are gaining a practical handle on 

turbulence, one of the most intractable 

phenomena in physics. 

Turbulent flow governs many everyday 

processes – the way your milk and coffee mix 

and which direction smoke blows, for 

instance. It can also cause serious problems, 

such as when an aircraft hits a rough patch of 

air. Until recently, however, no one had 

managed to create a predictable model of 

turbulence in the real world. Now coherent 

structures are allowing researchers to solve a 

raft of problems in oceanography, aviation, 

cardiology and other areas.

For the better part of the 20th century, 

turbulence was thought to be essentially 

random and, by definition, unpredictable. 

There was no problem modelling smooth, 

“laminar” flow – in which adjacent particles in 

a fluid always go in roughly the same 

direction – but getting to grips with fast, 

turbulent flow was a different story. In a 

rapidly moving stream, for instance, some 

particles will zip along in the fastest channel 

while others, even if they start as 

neighbouring particles, may get caught in an 

eddy or swept into a lazier part of the stream. 

“Turbulence was hopelessly complex,” says 

George Haller, a mathematician at the 

Massachusetts Institute of Technology.

That picture is now changing, thanks to 

Lagrangian coherent structures. Predicting 

where a particle of fluid will go is actually easy 

if you know which side of the coherent 

structure it’s on in the first place. The tricky bit 

is pinpointing the structure itself – generally 

it is a convoluted object – and tracking it in 

real time. 

Stretch it like taffy
An added complication is that there are two 

kinds of these coherent structures. One type – 

the most familiar example being a smoke 

ring – attracts nearby particles. The structure 

itself is invisible, but it becomes visible to the 

naked eye when smoke particles congregate 

around it. The second type is much more 

elusive: a curve that repels nearby particles. 

Obviously, the smoke-ring trick will not 

work for visualising these structures. Yet they 

seem to be just as important as attracting 

structures such as rings and eddies. “These 

[repelling] structures do all the stirring up,” 

Haller says. They apportion the fluid to one 

attracting region or another, while the 

attractors suck the fluid up and then stretch it 

out like taffy.

Although coherent structures were shown 

to exist in theory in the late 1960s, nobody 

had actually demonstrated their physical 

existence. So Haller made it his mission to 

show that coherent structures were real – 

to unveil what he calls “the skeleton of 

turbulence”. Tracking the motion of particles 

in 3D would be too difficult, though, so he first 

had to find a case of 2D turbulence. That’s hard 

to do; if you agitate water, it likes to flow in 3D.

In 2005, Haller found his dream 

experiment. Harry Swinney, a physicist at the 

University of Texas, Austin, had built a half-

metre-tall cylindrical tank that rotates about 

as fast as a DJ’s record deck, with holes in the 

bottom through which water can be injected 

and drained. Although the flow at the bottom 

of the tank is complicated and 3D, at the top 

The turbulence of fast-moving water seems 
hopelessly complex and unpredictable – or is it?
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one of the most thoroughly studied bodies of 

water in the world and is very rich in sea life, 

as there is a 2-kilometre-deep canyon in the 

centre of the bay which creates a source for 

upwellings of cold water that bring nutrients 

to the surface. Four high-frequency radar 

stations located around the bay – one at the 

northern end in Santa Cruz, one in Moss 

Landing near the power plant, one at the Naval 

Postgraduate School in Monterey, and one at 

Pinos Point at the southern end of the bay – 

enable near real-time estimates of the water 

velocity to be made.

The set-up was the perfect opportunity for 

Haller. In 2003, researchers from Princeton 

University had used radar to plot the first 

rough images of Lagrangian coherent 

structures in the bay, including the repelling 

structure that controls the flow of pollutants 

(see Diagram, left). “That structure marks the 

boundary between recirculation and quick 

escape to the ocean,” says physicist Francois 

Lekien, who was part of the team at Princeton. 

“It gives us an indicator of which way 

[particles] are going to go beforehand.”

As the coherent structure meanders 

around the bay, it occasionally passes from 

one side of the power plant’s effluent pipe to 

the other, sometimes leaving the pipe on the 

inland side, and at other times on the seaward 

side. Using the radar data taken in 2003, 

Lekien and Haller’s group found that the 

dividing line between outward-flowing and 

recirculating water typically spends about 

four days on each side of the pipe before 

crossing over. This means the ideal pollution-

control strategy would involve holding the hot 

effluent in a storage tank until the structure 

crosses over to the desired side, when the 

waste can be released and flow out to sea.

Torpedo bots
For this, the turbulent backbone would 

need to be tracked in real time. Lekien had 

the chance to try this in a more ambitious 

follow-up study. In August, a consortium of 

researchers led by oceanographer Steven 

Ramp of the Naval Postgraduate School in 

Monterey and mechanical engineer Naomi 

Leonard of Princeton released a fleet of 

torpedo-shaped robotic vehicles into the 

bay. The robots provided data on where 

particles in different regions of the water 

would go. The idea was to use a model of ocean 

currents to figure out the best place to send 

the robots so as to track the coherent 

the simulation, ran the equations backwards 

for 8 seconds – and out popped a beautiful 

coherent structure, winding around like a 

strand of spaghetti. In fact, the team produced 

images of both attracting and repelling 

structures, looping around and interweaving 

(  Physical Review Letters, vol 98, p 144502 ). 

Their approach is “nothing short of 

revolutionary”, says Jerrold Marsden, a 

dynamical systems theorist at the California 

Institute of Technology in Pasadena.

The experiment was the first clear 

demonstration of the underlying structure of 

turbulence, raising the possibility of coherent 

structures being used to make predictions in 

the real world. A drawback, though, was that 

Haller’s set-up took an hour of computing 

time just to process 8 seconds of data. What’s 

more, an ocean is nothing like an idealised 

2D fluid: in addition to water flowing 

horizontally across the surface, there are also 

vertical upwellings and downwellings.

This is where Monterey Bay comes in. It is 

it is as smooth as a stack of pancakes. Within 

each pancake, however, the water flows in 

complex patterns: its velocity points in all 

directions and changes over time in a way that 

reveals no pattern. For all practical purposes, 

this is   2D turbulence .

Haller and Swinney were in business. They 

injected fluorescent polystyrene balls, each 

about the size of a fine grain of sand, into the 

water. Using a laser, they could track the 

position of each particle over time, and so 

measure the velocities of individual particles. 

Haller then fed the measured positions into a 

fluid-dynamics computer model of the flow, 

which interpolated between the data points 

and allowed him to add as many virtual 

particles as he wanted.

This turned out to be very convenient, 

because of a remarkable property of coherent 

structures: if you reverse time, a repelling 

structure becomes attracting, and that means 

you can find it using the smoke-ring trick. So 

Haller injected virtual particles at the end of 
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structures accurately, says Lekien, now at the 

Free University of Brussels (ULB) in Belgium.

To find the repelling structure using 

Haller’s approach, however, you would need 

information from the future, so that you can 

run the model backwards in time. That is 

impossible, of course. Instead, Lekien did the 

next best thing. He fed the current data into 

the model, ran it backwards and figured out 

where the structure was 8 hours earlier. That 

gave him a rough idea of where it would 

currently be. 

This method is not perfectly accurate, but 

according to the team’s estimates it is good 

enough for a timed-release pollution-control 

strategy to work. Such a strategy could 

potentially halve the peak concentration of 

waste water in the bay, says Lekien. “That 

would save a lot of species.”

Although there are no plans yet to 

implement the timed-release approach for 

pollution control – it would require quite a 

sophisticated set-up – the experiment in 

Monterey Bay shows   what kinds of effects of 

ocean turbulence can be predicted , and what 

might be possible in the future.

Meanwhile, researchers are also working 

on detecting Lagrangian coherent structures 

in other settings. Haller has a grant from the 

US air force to study whether aircraft can use 

LIDAR – a type of radar that employs light 

instead of radio waves – to scan the skies for 

clear-air turbulence. These are spontaneous 

and potentially damaging jets of air that 

cannot be detected on normal radar because 

they aren’t associated with storm systems. 

“Boundaries of clear air turbulent regions are 

delineated by very strong Lagrangian coherent 

structures,” says Haller. The main obstacle to 

using on-board LIDAR is that it can measure 

only one component of the air’s velocity – 

towards or away from the aircraft. In practice, 

velocity measurements in 3D will be needed to 

reveal the coherent structure.

Another field that could benefit greatly is 

biomedicine. Shawn Shadden, a postdoctoral 

researcher at Stanford University in 

California, is helping cardiologist Charles 

Taylor map out the 3D blood flow in human 

arteries. Shadden is looking for places where a 

Lagrangian coherent structure separates 

from the blood vessel wall. He has focused on 

the carotid bifurcation, where the carotid 

artery splits into two – one branch going to the 

brain, the other to the face and neck. The 

internal carotid artery, which supplies the 

brain, often develops a vortex of recirculating 

blood. This region of stagnant flow is believed 

to be a likely spot for atherosclerotic 

plaques to form, and perhaps even to be the 

trigger for their formation.

Imaging techniques in 3D now make it 

possible to model blood flow through the 

carotid bifurcation, though the procedure 

isn’t yet ready for clinical use. Cardiologists 

previously believed that the pulsation of 

the blood flow in the carotid artery would 

break up the stagnation zone. Shadden and 

Taylor have shown that it doesn’t; the 

coherent structure remains intact through an 

entire heartbeat. 

Lagrangian coherent structures have shed 

light on the nature of turbulence, allowing 

researchers to predict where particles in a 

turbulent fluid will flow in some practical 

cases. Marsden seems impressed by the scope 

of the work. “Which particles will recirculate 

in Monterey Bay, and which will flow on by 

and go south? Which blood cells will 

recirculate in a blood vessel and lead to cardiac 

disease, and which will flow smoothly to their 

intended destination?” he asks. “Lagrangian 

structures let one determine the answers to 

such clearly important questions.”  ● 

Dana Mackenzie is a science writer based in 
Santa Cruz, California
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 “The experiment in Monterey Bay shows  what kinds 
of effects of ocean turbulence can be predicted”
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Arthur C. Clarke is best known for his science fiction, but his contribution to science goes 
much further: many of his ideas still shape crucial new space technologies. On the eve of his 
90th birthday, Andrew Robinson looks at the life of this ever-enthusiastic visionary

Still looking 
at the stars
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■ 
“I BET Arthur has forgotten this,” 

British astronomer Patrick Moore tells 

me before launching into a story about 

Arthur C. Clarke, his old friend from the 

heyday of the   British Interplanetary Society . 

In those cold-war times, a group such as the 

BIS – which advocated space travel and 

collaboration with the Russians – was the 

object of official suspicion, not to mention 

derision from scientists working for the 

establishment. (In 1956, no less a figure than 

Richard Woolley, the UK’s astronomer royal, 

asserted: “All this writing about going to the 

moon is utter bilge.”) 

Moore recalls that around 1950, Clarke 

went into a museum – it may have been 

London’s Science Museum – carrying a 

suitcase. “Knowing that he was a member of 

the BIS, one of the attendant officers insisted 

on looking into the suitcase to make sure it 

didn’t contain a bomb.”

Clarke has indeed forgotten the suitcase 

incident when I mention it over lunch on 

the veranda of his house in Sri Lanka, where 

he has lived for almost half a century, and 

where I first met him in the 1980s. This is 

hardly surprising, given that he turns 90 on 

16 December. His memory, he says ruefully, 

has undergone a “data dump”, even if his 

mind ranges as swiftly and eclectically as 

ever. But he is curious to know what was in 

the suitcase. Perhaps, we speculate, it contained 

some futuristic, though no doubt technically 

sound, designs for a rocket put forward by the 

precocious enthusiasts of the BIS.

Clarke’s fascination with rockets goes back 

to his teenage years in England, when he 

launched home-made ones from his mother’s 

farm in his native Somerset. His father, a post 

office engineer, died when Arthur was 13, 

from the lingering effects of being gassed in 

the first world war. Space rockets became 

possible, at least technically, with the launch 

of Germany’s V2 rocket during the second 

world war, when Clarke was serving in the 

Royal Air Force, working on radar. Looking 

back, that feels like the “Jurassic” period of 

his life, he says. Even the start of the space age 

50 years ago is “sort of ancient history – the 

Battle of Hastings so far as I’m concerned”. 

By then he had fully embarked on his 

tireless advocacy of space travel in both 

fiction and non-fiction, through books such 

as The Sands of Mars, A Fall of Moondust, The 

Exploration of Space and Profiles of the Future. 

Nevertheless, he was amazed that the moon 

landing happened so soon, in 1969. He had 

not expected to see it in his lifetime. “And 

then I was also surprised, and disappointed, 

that it wasn’t followed up. We abandoned 

space for decades.” Clarke’s screenplay and 

companion novel for the movie 2001: A Space 

Odyssey, made by   Stanley Kubrick  in 1968, had 

imagined the construction of a moon base in 

the 1990s.

He still expects the establishment of 

scientific bases and perhaps colonies on the 

moon and in other parts of the solar system 

by the end of the century. But will people go 

to live in these outposts and regard them as 

their home planets? They probably will, 

Clarke says, pointing out that this has already 

happened on Earth in very “improbable”, 

inhospitable places. “With the technologies 

we have, or should have, I’d expect people to 

live, most certainly, on Mercury, Venus and 

Mars, the satellites of Jupiter and quite a few 

asteroids.” As he once remarked, twisting 

Oscar Wilde: “We have to clean up the gutters 

in which we are now walking – but we must 

not lose sight of the stars.” 

There is an element of faith in Clarke’s 

attitude to space, though not the religious 

type. His attitude is more like a boundless 

optimism in the power of intelligence. Such 

optimism underlies his best-known novels, 

Childhood’s End, 2001 and Rendezvous with 

Rama. Kubrick, who tended to be sparing with 

his praise, once said of his collaborator: 

“Arthur somehow manages to capture the 

hopeless but admirable human desire to 

know things that can really never be known.”

This visionary hopefulness is Clarke’s chief 

appeal to his legion of non-scientist admirers. 

These include Rupert Murdoch and Steven 

Spielberg, and a host of science fiction writers 

such as Ray Bradbury, Stephen Baxter and the 

late Gene Roddenberry, the brain behind the 

TV series Star Trek. Ronald Reagan was also an 

admirer, despite Clarke’s opposition to his “Star 

Wars” strategic defence initiative in the 1980s.

Many scientists – and astronauts – go 

further in their admiration, respecting Clarke 

for his unique combination of scientific 

knowledge, intellectual originality and 

literary flair. J. B. S. Haldane, Wernher von 

Braun, Luis Alvarez, Isaac Asimov and Carl 

Sagan were all personal friends of Clarke, as 

well as fans of his writing. As a high-school 

student in the early 1950s, Sagan decided to 

become an astronomer after reading 

Interplanetary Flight, Clarke’s first book. 

Moore considers the greatest science 

fiction books to be Last and First Men and 

Star Maker by Olaf Stapledon, but “these 

were Stapledon’s only two great books, which 

is why on balance I must make him number 

two to Arthur”. Martin Rees, the UK’s current 

astronomer royal, agrees: “The geostationary 

satellite idea – just one of his far-sighted 

concepts – was ‘rediscovered’ after Sputnik, 

and soon became reality. But his other concepts 

still lie far ahead – some, indeed, in a post-

human future billions of years hence… 

Scientists can derive more benefit and stimulus 

from him than from routine science fact.”

Clarke’s influence on the development of 

satellites is profound. John Pierce and Harold 

Rosen, the two engineers principally 

responsible for the design of communications 

satellites in the 1960s, regarded him as the 

“father” of satellite communications on 

“Clarke has a boundless 
optimism in the power 
of intelligence”
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Clarke is aware he is as vulnerable as anyone 

to what he calls “the perils of prophecy”. In 

his 1945 article he assumed that the three 

geostationary space satellites required for a 

global communications service would need 

a crew, with supplies ferried up by a “regular 

rocket service”. The radar he was in charge 

of in 1945 contained over 1000 vacuum tubes, 

at least one of which burned out every day, so 

it seemed inconceivable to him that any 

complex piece of electronic equipment could 

function in space without on-the-spot 

engineers. “Well, along came the transistor, 

and then the microchip. So within a decade, 

electronic equipmentthat was once as large as 

a house could be put in a hatbox.”

The other major scientific idea that 

makes him proud is the space elevator – an 

energy-efficient alternative to rockets, which 

envisions carbon-fibre ribbons stretching 

from the Earth’s surface to a geostationary 

orbital station some 36,000 kilometres up. 

Unlike comsats, Clarke didn’t invent the 

space elevator; it was conceived in 1960 by 

Russian engineer   Yuri Artsutanov  (who 

called it a “heavenly funicular”). It was 

independently reinvented at least four times 

by American scientists in the 1960s and 1970s. 

But it was Clarke who brought it to popular 

attention with his 1979 novel The Fountains 

of Paradise, in which the elevator rises from 

the summit of a sacred mountain on an 

equatorial island remarkably similar to his 

adopted home. The novel, and his subsequent 

technical writing on the elevator, helped to 

spawn a large new field of study. There is now 

an annual competition to encourage the 

development of a workable space elevator – 

the Spaceward Games, organised by the 

  Spaceward Foundation  and NASA’s   Centennial 

Challenges  programme.

It may sound like outlandish fantasy, but 

in 1945 so did communication satellites and 

landing on the moon. He doesn’t always get it 

right, however: in 1999 he predicted the last 

coal mine would close in 2006. Nevertheless, 

Clarke maintains that the space elevator will 

be built “50 years after everyone stops 

laughing” – probably sometime this century. 

Whenever this fabulous structure is finally 

constructed, some aspect of it will surely be 

named after him. Sir Arthur – who already 

has a geostationary orbit and an asteroid for 

namesakes – would expect no less.  ●

Andrew Robinson is the author of The Story of 
Measurement (Thames & Hudson, 2007) and a visiting 
fellow of Wolfson College, University of Cambridge

the strength of his technical article “  Extra-

terrestrial relays ”, published in Wireless World 

in late 1945 while its 27-year-old author was 

still in the RAF. This acknowledgement has 

now entered encyclopedias – much to the 

satisfaction of Clarke, who regards the article 

as “the most important thing I ever wrote”, 

even above his novels. Though he has never 

been one to downplay his science fiction, or 

indeed any of his achievements – witness his 

annual self-styled “Egogram” newsletter to 

friends and acquaintances – Clarke is probably 

right about his “comsat” idea: it will be his 

most enduring legacy.

He cannot recall exactly how the basic idea 

came to him, though he says it emerged from 

a combination of his family’s connection with 

post office engineering, his passion for rockets 

and his work during the war on ground-

controlled radar, later fictionalised in Glide 

Path. “While working on radar I remember 

thinking: could the beam be powerful enough 

not just to detect the other guy but also to 

shoot his plane down? Power-beaming was 

one of the ingredients in the comsat idea, I’m 

sure.” But deferring to the engineers who 

made his 1945 concept a reality, he prefers 

to style himself not as the father of satellite 

communication but as its godfather. “If I 

hadn’t written that paper in October 1945, 

10 people would have done it the next year.” 

While this may be uncharacteristically 

modest, it is true that a similar idea had been 

discussed by others before 1945, and that 

Pierce’s first paper on the subject was 

published a decade later without knowledge 

of Clarke’s pioneering proposal.

One irony of all this is that Clarke now 

depends on comsats, since he can no longer 

travel far due to the debilitating effects of 

  post-polio syndrome  . For years, he has sent 

video messages via satellite to conferences 

across the globe – most recently on the 60th 

anniversary of his 1945 article. Yet as a “failed 

recluse” addicted to email, he is ambivalent 

about the benefits of everyone being able to 

communicate instantaneously. “It’s the 

fractal future,” he says. “Although everybody 

is ultimately connected to everybody else, 

the branches of the fractal universe are so 

many orders of magnitude away from each 

other that really nobody knows anyone else. 

We will have no common universe of 

discourse. You and I can talk together because 

we know when I mention poets and so on who 

they are. But in another generation this sort 

of conversation may be impossible because 

everyone will have an enormously wide but 

shallow background of experience that 

overlaps by only a few per cent.” 

Prescient though many of his ideas are, 

“He styles himself as 
godfather to satellite 
communications”

60 | NewScientist | 1 December 2007 www.newscientist.com

Arthur C. Clarke’s first satellite dish, built at his home 
in Sri Lanka, was a gift from the government of India 
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science impacts society, how 

fiction reacts to that impact, and 

how science fiction and science 

feed off one another.

They cover a remarkable 

amount of territory, from Kepler’s 

1634 novel about a trip to the 

moon to   China Miéville  and “New 

Weird” fiction. Film and television 

are given their own share of 

discussion, from Georges Méliès’ 

pioneering   A Trip to the Moon  to 

Deep Space Nine.

Many of the stories are 

familiar. It is no surprise to find 

that powered flight and space 

travel, for example, appeared in 

fiction long before they happened 

in fact. It’s far easier to write down 

an idea than to build a rocket that 

will fly to the moon. Still, such 

stories served an important 

purpose: they were a way of 

testing out ideas and asking what 

might happen if they become 

real. Sometimes science fiction is 

mere entertainment, but often it 

offers serious explorations of the 

consequences, good and bad, of 

science and technology.

Twentieth-century science 

fiction can be divided broadly into 

two schools: the optimistic and 

the pessimistic.   Hugo Gernsback , 

for instance, epitomised 

optimism. An enthusiastic 

futurist, gadgeteer and overall 

cheerleader for scientific 

progress, he published the first 

US magazine of science fiction, 

Amazing Stories, in 1926.

At the same time, a larger 

group of pessimists emerged, 

writing assorted prophecies of 

doom. After the second world war, 

tales of nuclear destruction 

reflected the fears of the cold-war 

era. Brake and Hook credit bleak 

prophecies like Nevil Shute’s On 

the Beach with slowing the race 

toward nuclear Armageddon in 

the real world. Doubtless such 

stories influenced the public, but 

so did coming face to face with 

the real thing during the Cuban 

missile crisis.

Brake and Hook wander 

through other “ages” of science 

fiction: the new age of   John 

Brunner’s  overpopulated world in 

Stand on Zanzibar, the computer 

age of   Cyberpunk  and William 

Gibson’s Neuromancer, and the 

biological age of Gattaca with its 

new eugenics. They discuss 

masterpieces like Kurt Vonnegut’s 

Cat’s Cradle and Walter Miller’s A 

Canticle for Liebowitz.

But they haven’t covered 

everything, a limitation 

unwittingly highlighted by a 

publicist who evidently hadn’t 

read the book before churning 

out a flyer that opens: “Warp 

drives. Laser guns. Teleportation 

devices.” It’s a perfectly good list 

of archetypal science-fiction 

ideas, but unfortunately 

Different Engines doesn’t mention 

any of them.

Then again, even the best 

panels run out of time. In the 

closing minutes, the moderator 

often asks for a summary: does 

science fiction drive scientific 

progress? Not so much “drives” as 

suggests, predicts and ponders. It 

provides a world in which we can 

safely experience the possibilities 

of science and technology. And 

sometimes, by tapping into what 

people want but scientists can’t 

yet deliver, it makes predictions. 

Gernsback scored some 

successes – predicting night 

baseball, birth control and a 

moon landing between 1970 and 

1975. Then again, he also 

predicted weather control, 

teleportation and antigravity. 

Thankfully, the prophets of doom 

made some faulty predictions, 

too – perhaps partly because we 

heeded their warnings.

Different Engines is not an 

encyclopedia or an academic 

treatise on the role of fictional 

prophecy in society. It’s written 

to be thought-provoking and 

entertaining, and it does the 

job well.  ●

www.newscientist.com 1 December 2007 | NewScientist | 61

IT’S SCIENCE, BUT 
NOT AS WE KNOW IT
A thought-provoking book about science fiction’s 
impact on the real world reminds Jeff Hecht that the 
genre can offer more than entertainment

■AS A science writer who also 

writes some science fiction, 

I sometimes find myself on panels 

discussing the interface of the 

two. The panels are great fun as 

forums for tossing about the wild 

and innovative ideas that are the 

heart of the best science fiction. 

When the chemistry is right, the 

discussions get your brain 

buzzing with ideas. I find myself 

wishing I could bottle the stuff 

and later take a swig on a slow day.

In Different Engines, Mark 

Brake and Neil Hook have done 

just that – distilled the gist of 

science fiction’s best speculations 

and bottled it in a book. In doing 

so, they explore the ways in which 

Predictions of doom 
don’t always come to 
pass – perhaps because 
we heed them
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Different Engines: How science drives fiction and fiction drives science by Mark Brake and Neil Hook, Palgrave Macmillan, $24.95, ISBN 9780230019805
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BookendsThe word

On the bright side
What Are You Optimistic About?
edited by John Brockman, Simon & 
Schuster, £12.99, ISBN 9781847371003
Reviewed by Michael Bond

JOHN BROCKMAN 

has made a career 

out of getting 

scientists to say in 

public what they 

think. The most 

notable thing 

about this collection is just how 

bullish they are – in particular, 

about the power of science and 

technology to change things for 

the better. Their answers to the 

question in the title range from 

the predictable (the Large Hadron 

Collider will teach us astonishing 

things about the universe) to 

the strange (human intelligence 

will dramatically increase), and 

the surprising (a global decline 

in violence and increase in 

tolerance). My favourite: the 

invention of a new language for 

more profound communication. 

Now that would be progress.

In safe hands
Quantum Theory Cannot Hurt You 
by Marcus Chown, Faber & Faber, £12.99, 
ISBN 9780571235452
Reviewed by Justin Mullins 

FOR a quick 

briefing on the 

biggest ideas 

behind modern 

physics you 

would be hard-

pressed to find 

a better guide than Marcus 

Chown, cosmology consultant 

to this magazine. His latest 

book is subtitled A Guide to 
the Universe, and it does what it 

says on the tin. With customary 

style and panache, Chown takes 

us on a tour of quantum 

theory and relativity, revealing 

their puzzling paradoxes, 

extraordinary efficacy and 

breathtaking beauty. Science 

doesn’t come harder than this 

but he makes it all look so easy.

Enigma

IF YOU have ever received a 

document containing off-putting 

expressions such as “At your 

desecration” or “Sorry for the 

incontinence”, then you have 

witnessed the havoc that can be 

wreaked by placing unthinking 

trust in spellcheckers. The 

problem is widespread enough 

to have acquired a name: the 

Cupertino effect.

  Cupertino, a city in northern 

California , is home to computer 

giants Apple and Hewlett-Packard. 

It owes the dubious honour of 

sharing its name with a dumb 

error to the fact that some early 

spellcheckers flagged up the word 

“co-operation” if it was spelled 

without a hyphen. Type 

“cooperation”, and they came up 

with the suggestion “Cupertino”. 

That problem was soon fixed, 

but a quick search of the UN 

website still turns up evidence 

of Cupertino carnage. There are 

references to the “South Asian 

Association for Regional 

Cupertino”, “political, economic 

and trade Cupertino”, and a 

“presentation on African-German 

Cupertino”  – unfortunately not 

a delicious new coffee beverage.

Benjamin Zimmer, a linguist 

at the University of Pennsylvania, 

has   collected examples of the 

effect , including an article in 

The New York Times that gave the 

first name of American footballer 

DeMeco Ryans as Demerol, one in 

The Denver Post that turned Harry 

Potter villain Voldemort into 

Voltmeter, and a Reuters story 

that transformed the Muttahida 

Quami movement of Pakistan into 

the Muttonhead Quail movement.

So why do spellcheckers offer 

such bizarre suggestions? The 

programs recognise four basic 

types of misspelling: deletion, 

addition, transposition and 

substitution (as in infomation, 

developping, beleive and 

independant). Then they calculate 

how many of these changes it 

takes to go from a word they 

don’t recognise to one in their 

dictionary – a concept known 

as “edit distance” – and suggest 

those with the shortest edit 

distance as alternatives. 

Early spellcheckers didn’t 

know what to do with hyphens – 

hence Cupertino – and ran into 

problems when the first letter of 

a word was missing. So Word 97 

users who skipped the first letter 

of “identified” were urged to 

accept “denitrified”. These faults 

are now mostly a thing of the past, 

but uncommon names and novel 

slang can still trip up  the unwary.

More recent tweaks also 

compensate for human foibles 

such as mixing up words and 

letter groups that sound the same, 

like “quiet” and “quite” or “f” 

and “gh”. It’s a small step forward 

for Cupertino – er, cooperation – 

between people and computers. ●

Cupertino effect

“A Denver Post story 
turned Harry Potter 
villain Voldemort 
into Voltmeter”

Hidden values
No. 1471 Susan Denham

IN THIS puzzle, each letter has a value of 

a positive whole number. A letter has 

its own same value throughout, but 

different letters do not necessarily have 

different values. 

For example, all the vowels have value 

1, but all the consonants have values 

greater than 1. Only one letter has a value 

of 10 or more.

Given any word it is possible to calculate 

its value by adding up the values of the 

individual letters. The words

ONE, TWO, THREE, FOUR, FIVE, SIX, SEVEN, 

EIGHT, NINE, LOTS

have different values (all 20 or less) and 

these words are in increasing order of 

their values. 

Please send in the value of your VALUES.

£15 will go to the sender of the first correct 

answer opened on 9 January. The Editor’s 

decision is final. Send entries to Enigma 1471, 

New Scientist, Lacon House, 84 Theobald’s 

Road, London WC1X 8NS, or to enigma@

newscientist.com (include your postal 

address). The winner of Enigma 1465 is Frank 

Gidlow of Walsall, West Midlands, UK.

Answer to 1465 To the far quarter 

3003 routes
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Feedback–

AS READERS know all too well, this 

column has extensively documented 

the phenomenon of nominative 

determinism, the tendency of people 

to gravitate towards areas of work that 

fit their surname. Now new areas of 

nominative investigation have been 

opened up in a paper entitled   “Why 

Susie sells seashells by the seashore: 

Implicit egotism and major life 

decisions”  (Journal of Personality 

and Social Psychology, vol 82, p 469) .

On the assumption that “people 

prefer things that are connected to 

the self (for example, the letters in 

one’s name)”, authors Brett Pelham, 

Matthew Mirenberg and John Jones 

found people are “disproportionately 

likely to live in places whose names 

resemble their own first or last names 

(for example, people named Louis are 

disproportionately likely to live in St. 

Louis)… [and to] choose careers whose 

labels resemble their names (for 

example, people named Dennis or 

Denise are over-represented among 

dentists).” The authors conclude that 

“Implicit egotism appears to influence 

major life decisions” and state, perhaps 

rather gloomily, that “This idea stands 

in sharp contrast to many models of 

rational choice…”

WE FIND the previous notions intriguing, 

and wonder what the authors who 

propose them would have to say to 

Feedback reader Chris Rundle. 

He has written to us in a state of 

puzzlement about people who, contrary 

to the dictates of nominative determinism, 

choose what may appear to be the least 

appropriate profession possible for 

someone with their surname.

The example he gives is Nicholas 

Burns-Cox, consultant urologist at Musgrove 

Park Hospital in Taunton, Somerset, UK.

HERE are two stories about crooks 

making dumb decisions. The first 

concerns   a man who thought he had 

struck it rich  with the computer and 

special driver’s-licence printer that he 

had stolen from a Missouri state office. 

Unfortunately, he couldn’t get the 

printer to work. So, IDG news service 

reports, he called the manufacturer’s 

technical support line and asked to buy 

the software that would get it running. 

That might have made sense if it 

had been an ordinary printer, but tech 

support quickly recognised that the 

printer was not in the proper hands – 

and the caller had conveniently left his 

phone number. Timothy Scott Short  is 

now facing charges that could add up 

to 10 years in jail and a $250,000 fine. 

And in Brisbane, Australia, a man 

faces charges over the theft from a firm 

named Fleetlink of a demonstration 

pack, a laptop computer and half a 

dozen GPS vehicle tracking devices.

Five days after the theft, according 

to Australian news service   news.com.

au , the thief couldn’t resist plugging in 

the navigation software – which 

immediately alerted Fleetlink to 

his location “exactly 8 kilometres 

or 13 minutes and 41 seconds away”. 

Police raided his residence and found 

most of the stolen property there.

Reader Joanna Davis is most 

surprised at the precision with which 

the GPS equipment predicted the 

journey time to the loot. She wonders 

how it knew whether the traffic lights 

would be red or green on the way.

SCIENTISTS at the Royal Institution 

in London appear to have made 

unpublished advances, Harold Fuchs 

suggests, sending a photo of a notice in the 

room adjoining the RI’s newly refurbished 

theatre: “Please accept our apologies for 

any inconvenience caused during the 

refurbishment of the antiroom.” 

Presumably, this is a room made 

entirely of antematter.

FINALLY, don’t forget to send in 

your entries to our “Flirt with science” 

end-of-the-year competition. You are 

invited to seduce the person of your 

dreams with a science-related chat-up 

line (  17 November ).

You may submit more than one 

entry. All entries must reach us by 

Monday 3 December 2007 and should 

be no longer than 30 words. Send 

entries by post to: New Scientist 

Feedback Competition, Lacon House, 

84 Theobald’s Road, London WC1X 8NS, 

or by email to: feedback@newscientist.

com – please write “competition” in 

the subject line – or enter online at 

www.newscientist.com/feedbackcomp. 

Ten lucky winners will each receive 

a New Scientist goody bag consisting of: 

a 128-megabyte USB stick, a set of the 

three New Scientist best-selling books 

(How to Fossilise Your Hamster, Why 

Don’t Penguins’ Feet Freeze? and Does 

Anything Eat Wasps?) plus a fabulous 

New Scientist bag (vibrant blue on the 

outside with a zingy red lining, a 

zipped pocket under the main flap 

and an internal pocket to secure your 

laptop). The results will be published 

in the 22/29 December issue of New 

Scientist. The editor’s decision is final.

You can send stories to Feedback by email 

at feedback@newscientist.com. Please 

include your home address. This week’s and 

past Feedbacks can be seen on our website.

The first words of an email Andy 
Potter received from First Direct 
bank were: “If you cannot see 
this email, click here”
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The last word–

BLOW IT OUT
Right now I have a cold. After 

blowing my nose for what seems like 

the millionth time, I wondered just 

how much mucus the nose produces 

during the average cold, and does its 

loss mean I lose any substantial 

amount of weight?

On average the normal nose produces 
240 millilitres (about a cupful) of 
mucus every day. During a cold there 
is additional flow. Most of the mucus 
produced normally flows down the 
throat, and gets recycled within the 
body. During infection the nasal 
passage becomes constricted and 
therefore the inward passage of 
mucus is obstructed and it flows out 
through the nostrils.

There are other factors that 
increase the mucus flow, like the 
excessive formation of tears which can 
make their way to the nasal passage 
and mix with the mucus. Normal body 
processes lead to the formation of 
these liquids, and their loss or gain is 
compensated for by absorption or 
excretion of water.
Saifuddin Ahmad

Basingstoke, Hampshire, UK

Speaking of “the average cold” means 
little because   colds  vary so greatly with 
virus or victim. The most important 
cold viruses, when checked by your 
immune system, settle permanently 
in your cells. Afterwards, a bout of 
poor health or an infection such as flu 
may unchain old colds to flare up in 
the guise of new diseases. The 
resulting variation in texture and 
volume of snot is amazing.

What little liquid a healthy nasal 

cavity does produce – with no tears 
flowing, and no whiff of onion or 
allergen – usually passes back down 
the pharynx for swallowing. Over the 
course of a day a mild cold might 
produce a few millilitres of snot for 
blowing. Heavier colds, demanding 
the handkerchief 20 times an hour at 
say 2 to 10 millilitres per blow, could 
cost you as much as 200 millilitres an 
hour, and you then must drink liquids 
to make up the volume. 

Nasal flow usually slows at night, 
but really serious secretion can force 
one to sleep sitting up to avoid 
swallowing phlegm and saliva.
Jon Richfield

Somerset West, South Africa

FLIGHTS OF FANCY
Why did I find the peak of   Mount 

Etna  covered in ladybirds but devoid 

of other visible flora or fauna?

There are three plausible answers to 

this one. Take your pick – Ed

What your correspondent is 
witnessing here is almost certainly a 
consequence of a migration event. 
Many species of insect migrate en 
masse between north Africa and 
Europe, leaving Europe in the autumn 
to avoid the winter frosts, with a new 
generation arriving in spring for the 
summer months. Mount Etna lies on 
the migration route between Tunisia 
and the toe of Italy. This route and the 
Strait of Gibraltar are the shortest 
Mediterranean sea crossings.

In contrast to birds, insects are 
pretty much at the mercy of wind and 
weather; they go where the air 
currents take them. There have been 

many reports of huge numbers of 
migrating insects descending on 
lighthouses and ships, particularly 
in poor visibility. Migrating insects 
can be found at altitudes in 
excess of Mount Etna’s 3300 metres, 
so a swarm of ladybirds there is 
not surprising.
Terence Hollingworth

Blagnac, France

The beetles were probably   Coccinella 

septempunctata , the seven-spot 
ladybird, which hibernates in the 
winter months. They build up large fat 
and glycogen reserves, preying on 
other insects when food is plentiful in 
the summer months, before migrating 
to their winter quarters. In many areas 
these winter quarters are in regions of 
high altitude where their metabolic 
rate can remain low and the reserves 
they built up in summer can last until 
their dispersal in the spring. 

During the winter they form small 
aggregations on the ground, in leaf 
litter, at the base of plants or under 
stones on mountain slopes or in dry 
river beds. These aggregations have 
many benefits, such as an increased 
chance of mating prior to dispersal. 
They also enhance coloration and 
emit a stronger combined scent to 
deter predators. Similar behaviour is 
found in other ladybird species all 
over the world.
Linda Losito

Oxford, UK

The ladybirds probably got there 
through a process known as 
hilltopping. During the day the air 
further down the slopes of Etna begins 
to warm and flows upwards, taking 
ladybirds and other flying insects with 
it. The unlucky ones will take a trip to 

the top and be dropped there. We ran 
some experiments to determine how 
fast the air had to move to drag a 
ladybird up a mountainside – using a 
rotund man in a skydiving simulator. 
We found a wind speed of not much 
more than a puff of breath would do 
the job. 

I filmed the phenomenon on the 
peak of   Mauna Kea  for the TV 
programme Animal Planet. The wekiu 
bug has evolved to live there and prey 
on the insects deposited each day. The 
wekiu bug is itself a hilltopping victim; 

its nearest relatives live in the forests 
below and suck oils from seeds to 
survive. The wekiu somehow evolved 
to survive at the top, existing despite 
the cold and sucking the juices from 
other hilltoppers.

On a larger scale, this kind of 
process explains how so many insects 
colonised many of the Pacific islands. 
Hilltopping is not limited to 
volcanoes; they just happen to be 
barren enough that you notice the 
poor wayward ladybirds.
Craig Meade

Natural History New Zealand

Dunedin, New Zealand

THIS WEEK’S QUESTION
Inflation theory

If a balloon were inflated with helium 
and released into space, what would 
happen to it?
Kathryn Bergin

Rosewater, South Australia

“A wind speed of not much more 

than a puff of breath will drag a 

ladybird up a mountainside”
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