




Editorial–

IF THE world is to escape the worst of climate 

change it will probably be because business 

can see a way of making more money out of 

cleaning up than staying dirty. Some people 

may be uncomfortable with that idea, but it is 

true, nonetheless. So the real test of the Bali 

climate conference, which ended in air-

conditioned high drama last weekend, is did it 

make future green profits more likely? On 

balance the answer has to be yes.

Right now, energy and manufacturing 

companies are contemplating billion-dollar 

green investments on the assumption that 

emitting carbon in a world of ever-tightening 

emissions targets will become increasingly 

costly. Likewise, finance houses and traders 

are licking their lips at the profits they hope to 

make from trading in carbon offsets, futures, 

derivatives and much else. 

For all their bravado about risk-taking, 

what industrialists and traders crave most is 

certainty. That is why hundreds of them 

issued pleas even before Bali for early and 

ambitious targets for cutting carbon 

emissions. A report from management 

consultants McKinsey echoes the point. Many 

industrialists explicitly backed a European 

Union target for industrialised countries to 

cut greenhouse gas emissions by 25 to 40 per 

cent from their 1990 levels by 2020. As the 

biggest and smartest beasts in the commercial 

jungle, they are convinced that such cuts are 

needed and that they can profit from them.

But a handful of governments, headed by 

the US, vetoed the plan and decided that 

enterprise would best be served by continued 

uncertainty. That was bad for the climate and 

bad for business. A clearer idea now of what is 

likely to emerge from negotiations for a 

successor to the Kyoto protocol would have 

unlocked more dollars. But at least there is a 

process under way, and where the talk in 

Kyoto a decade ago was of 5 per cent cuts, at 

Bali the figure was 50 per cent. 

Historians of the climate wars will one day 

take as a case study the Bush administration’s 

retreat into a cul-de-sac of carbon 

protectionism (see page 6). Not least because 

it sits so uncomfortably with the many good 

things that the administration is doing to 

help green technologies leap from lab to 

marketplace. Witness the strange spectacle in 

Bali of US negotiator Jim Connaughton 

shoring up Bush’s opposition to an 

international emissions regime one minute, 

only to trumpet the next that the US is 

investing heavily in technology to turn 

cellulose into ethanol, which should see 15 per 

cent of US cars running on biofuels by 2017. 

The US is not just pioneering green tech, 

either. It also has a strong argument when it 

points out how Europe’s often slavish 

adherence to national targets will be exploited 

by some industries. 

What is the point, 

Connaughton asked, 

of targets that drive 

energy-intensive 

industries like steel to 

countries with no 

emissions targets and 

less energy-efficient 

plants? How much 

better to push for 

greener standards to 

be adopted worldwide. Yet, while the US 

negotiators are undeniably right on this, they 

then undermined incentives for developing 

nations to join these initiatives. 

In truth, the Bush administration has 

simply been left behind by the pace of change. 

We now live in a world where carbon markets 

are worth tens of billions of dollars a year. 

There is a real danger that the market monster 

now being created will start to serve its own 

needs rather than that of cutting carbon 

emissions. But with comprehensive controls 

on carbon movements into and out of the 

atmosphere, policed with good science, the 

market is capable of delivering the 

technologies needed for the swingeing cuts in 

emissions we now know to be essential.

Bali may not have provided as many 

signals for business to get busy on carbon as 

had been hoped. But with the US, China, 

Russia, India and other key nations all 

embracing the new scientific urgency and 

making promises that seemed highly unlikely 

even a year ago, there are grounds for hope.

In terms of rhetoric, the event will probably 

be remembered for the delegate from Papua 

New Guinea who told the US delegation, at a 

moment of impasse, that if they did not want 

to lead they should get out of the way. And 

they did, withdrawing a conference-wrecking 

veto. A dramatist might portray that as a 

moment when the world’s future hung in the 

balance. Maybe it did.  ●

“The market can 
deliver the 
technologies to 
make swingeing 
cuts in emissions 
we now know to 
be essential”

In the nick of time
Until the eleventh hour it looked like the Bali conference would fail
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This week–

THE   Bali climate conference  had 

everything, from beaches to the 

UN’s top climate diplomat fleeing 

the platform in tears. There were 

charges that the science 

underpinning the event had been 

reduced to a footnote, and even a 

rescue mission from the UN 

secretary general as the all-night 

final session extended long into 

the following afternoon. To top it 

all, a booed and humiliated US 

delegation was forced into a U-turn 

after being unable to find a single 

supporter in the face of a vitriolic 

attack from Papua New Guinea. 

Between the tears and 

ultimatums, the conference may 

also have ensured that both the 

US and China become fully 

engaged in   humanity’s most 

pressing task of the 21st century – 

reining in climate change .

On the face of it, nothing 

happened that will immediately 

affect the atmosphere. Almost 

24 hours after the scheduled close, 

with ministers already leaving for 

the airport, a deal was reached on 

the “Bali roadmap” – a document 

setting the agenda for two years 

of negotiations that should 

culminate in a Copenhagen 

protocol to govern global 

greenhouse gas emissions after 

the Kyoto protocol lapses in 2012.

The key question is whether 

the roadmap will prevent 

dangerous climate change. 

European nations wanted it to 

state a “destination” – a target of 

emissions cuts by industrialised 

countries of between 25 and 40 

per cent by 2020, and for total 

global emissions to peak within 

15 years and halve by 2050. 

The US – in its one clear victory 

of the fortnight – joined with 

Canada, Japan and Russia to veto 

this text, saying it prejudiced the 

coming negotiations. They secured 

a compromise reference to the 

necessity for “deep cuts”, with a 

footnote mentioning  several 

pages taken from a recent report 

by the Intergovernmental Panel 

on Climate Change describing 

scenarios for reducing emissions.

Here the story gets murky, 

with the science repeatedly being 

taken in vain. The EU and many 

environmentalists claimed at the 

meeting that the 25 to 40 per cent 

plan was the recommendation of 

the IPCC, and that to reject it was 

to reject the science. In fact the 

referenced pages do not make 

such a recommendation. They 

simply say that cuts within that 

range would likely be required 

to limit concentrations of 

greenhouse gases in the air to 

the equivalent of 450 parts per 

million of carbon dioxide. They 

give equal prominence to two 

other targets – 550 and 650 ppm – 

that require less stringent cuts.

Most delegates left the meeting 

believing that the footnote 

embraces a 450 ppm target. 

The Americans know better.

There is a further complication. 

Delegates repeatedly asserted 

that keeping atmospheric 

concentrations below 450 ppm 

 would prevent global average air 

temperatures rising by more than 

2 °C from pre-industrial levels, 

which is often seen as a threshold 

beyond which dangerous climate 

change will occur. It might. But 

according to studies presented 

in Bali by the UK’s Met Office, 

there is only a 20 per cent chance 

of 450 ppm delivering that. 

Uncertainty about the 

climate’s sensitivity to extra 

greenhouse gases is still so great, 

said Vicky Pope of the Met Office, 

that 450 ppm could cause 

warming of 4 °C or more (see 

Graph). The best that can be said 

is that the significance of keeping 

below 2 °C is more a political 

construct than a scientific fact. 

None of this detracts from the 

urgency of dramatically lowering 

emissions of greenhouse gases. 

Once in the air, the lifetime of 

CO2 is measured in centuries, so 

climate scientists in Bali argued 

that only near-zero emissions by 

mid-century or soon after will 

begin to make the world safe from 

climate change.

It is not an impossible target. 

Three nations publicly committed 

themselves to bringing their 

emissions to zero: Norway, New 

Zealand and Costa Rica. The last 

says it can get there by 2021.

This was the first UN climate 

conference at which countries 

talked confidently about making 

emissions cuts on such a scale. 

They are being pushed by the 

How climate drama 
unfolded in Bali
There were tears, ultimatums and US obstruction, but 
the UN conference also saw some surprising progress

Climate change–This week–
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A SENSITIVE CLIMATE 

Even if emissions cuts keep greenhouse gases 

below 450ppm a 4°C rise is possible
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remorselessly alarming science, 

but also drawn by the assurances 

of large corporations that such 

cuts are feasible. Germany last 

week announced plans to cut its 

emissions by 40 per cent below 

1990s levels by 2020.  “This is not 

altruism, the German economy 

will benefit from the plans,” said 

the environment minister.

Bali was also the first UN 

climate conference to take place 

without a chorus of industrialists 

warning of economic doom if 

emissions are corralled. Instead, 

many are demanding firm long-

term   emissions targets to help 

them plan future investment . 

For them, the failure to enshrine 

a 25 to 40 per cent cut is a blow. 

Bali was also the moment 

when large developing nations 

such as China for the first time 

is saying so, but it may also wipe 

the slate clean for countries likely 

to fail their Kyoto targets. Canada 

in particular is expected to have 

emissions 38 per cent above 

1990 levels by 2010, rather than 

the promised 6 per cent cut. 

Moreover its government has said 

that it will not, as required by the 

protocol, buy carbon offsets to 

make up the difference. 

Under the protocol, Canada 

faced swingeing penalties in a 

future round of emissions targets. 

It may now escape them. Likewise 

Australia, which finally signed up 

to the Kyoto protocol in Bali 

seemingly unconcerned that it 

has no hope of even approaching 

the target it agreed back in 1997.

Meanwhile the “Berlin Wall” 

within the Kyoto protocol, which 

divided the list of industrialied 

nations with targets and the rest, 

has disappeared. The roadmap 

text talks simply of developed 

and developing nations, without 

defining them. De Boer says this 

creates greater flexibility. It also 

creates new complications. 

The one unquestioned promise 

in Bali was that negotiations 

on the successor to the Kyoto 

protocol will be concluded in 

2009. That could prove the 

hardest thing of all to achieve.  ●

(See editorial comment, page 5)

to 37 billion tonnes by 2050. 

Meeting the Bali aspiration of 

halving global emissions will 

require cutting emissions to 

11 billion tonnes. That is a 

reduction on business as usual 

of 26 billion tonnes – more than 

current total emissions. 

The scale of the task was so 

great that “even if developed 

countries went to zero, it would 

still require major developing 

countries to halve their [projected] 

emissions,” Connaughton said. 

One barely discussed element 

is that the Kyoto protocol appears 

to have been consigned to the 

dustbin of history even before 

its main provisions come into 

force in January. Nobody talks 

about a second round of Kyoto 

targets any more. The Bali 

roadmap mentions the protocol 

only once, noting that the new 

negotiations “shall be informed 

by… experience in implementing 

the… Kyoto protocol”. 

This provides a face-saving 

way back into the climate fold for 

Kyoto-refusenik, the US. Nobody 

committed themselves to what 

the roadmap calls “measurable, 

reportable and verifiable… 

mitigation actions”. This did not 

amount to pledging actual 

emissions cuts, but it was at least 

divergence from business as usual.

This commitment, unthinkable 

only a couple of years ago, did not 

happen easily. It nearly derailed 

the conference at the start of its 

unscheduled final day. In return 

for their promise, developing 

countries demanded that they also 

receive “measurable, reportable 

and verifiable” help from the rich 

world, in the form of money and 

technology. The European Union 

swiftly conceded the point, but 

a suspicious US blocked it. 

Just a few hours before, a 

procedural cock-up had resulted 

in a chastised and sleep-deprived 

Yvo de Boer – executive secretary 

of the UN Framework Convention 

on Climate Change – leaving the 

platform in tears. Then the UN 

secretary general Ban Ki-Moon 

entered to read the riot act and 

demand a deal from bickering 

delegates. Coming after such a 

tense and fractious morning, the 

US’s one-nation attempted veto 

caused outrage. 

It seemed set to wreck the 

deal. But then, in a moment of 

unscripted high drama rarely seen 

at UN conferences, Papua New 

Guinea’s head of delegation Kevin 

Conrad rose above the barrage of 

appeals to the US delegation and 

simply commanded them: “If you 

are not prepared to lead, get out 

of the way.” And they did. If the 

world finds a way to counter 

climate change, that will be a 

moment for the history books.

The scale of global emissions 

cuts now regarded by scientists as 

essential means that developing 

nations including China, India 

and Brazil will need to curtail 

their emissions sooner rather 

than later. US delegate Jim 

Connaughton put the emissions 

maths most succinctly. 

Assuming even a conservative 

rate of global economic growth, 

business-as-usual energy 

technologies will raise global CO2 

emissions from 22 billion tonnes 

 In this section

● Is time slowing down? page 8

● How to speak in dolphinese, page 10

● News review of 2007, starting on page 15

–Telling it like it is–
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“Papua New Guinea simply said 

to the US delegation: ‘If you are 

not prepared to lead, get out of 

the way.’ And they did”
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REDD ALERT
The Pandora’s box has been opened. 

Considered too hot to handle in Kyoto 

10 years ago, deforestation – which 

causes a fifth of global CO2 emissions – 

was placed at the heart of the climate 

agenda in Bali. Improved satellite 

monitoring now means that activities 

to prevent carbon loss from forests 

can be better assessed, so the Bali 

conference included talks on ways to 

reward countries that reduce their forest 

CO2 emissions – perhaps by awarding 

carbon credits that can be traded on 

the burgeoning carbon market. 

Many see the scheme – called 

REDD, for Reducing Emissions from 

Deforestation and Forest Degradation – 

as an early way for developing countries 

to show their commitment to fighting 

climate change. But in the conference 

corridors, concerns were raised about 

how REDD will work. Who will get the 

money? Will the measures result in 

forest dwellers being evicted from their 

homes? Will loggers simply pocket the 

cash for protecting one area, while 

moving their operations elsewhere? 

Nicholas Stern’s report on the 

economics of climate change last year 

highlighted forest conservation as the 

cheapest way of keeping large amounts 

of CO2 out of the air. But the fear is that 

schemes to protect forests will win so 

many carbon credits that they will flood 

the global carbon market – triggering 

a price collapse that will undermine 

the market incentives for reducing 

emissions in other areas, like energy.



This week–
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IT CAN drag or it can race, but what 

if time stopped altogether? It now 

seems that time could disappear 

from our universe – and we may 

already have found evidence of 

its forthcoming demise.

When astronomers observed 

a decade ago that supernovae are 

apparently spreading apart faster 

as the universe ages, they 

assumed that something must 

be causing the expansion of the 

universe to speed up. But so far, 

nobody has been able to explain 

where the “dark energy” causing 

this acceleration comes from.

Now José Senovilla at the 

University of the Basque Country 

in Bilbao, Spain, and his colleagues 

have a radical answer – we are 

fooled into thinking that the 

expansion of the universe is 

accelerating, because time itself 

is slowing down.

Senovilla’s work, which will 

appear in Physical Review D, is 

based on speculative string theory 

models in which our universe is 

confined to the surface of a 

membrane, or brane, floating in a 

higher-dimensional space known 

as the “bulk”. String theorists 

have used such models to explain 

why gravity seems to be so weak 

in comparison with other forces; 

in these scenarios, gravity is the 

only force that can move between 

branes and leak into the bulk. 

Although our brane contains 

three spatial dimensions and one 

time dimension, there is no law 

saying that all branes floating in 

the bulk must have this same 

“signature”, says Senovilla. Other 

branes could have no time 

dimensions, or even two or more. 

What’s more, the branes could 

swing between different signatures, 

with time dimensions switching 

to space dimensions and vice versa.

Senovilla and his colleagues 

wanted to know how we would 

interpret such a change of 

signature – with time changing to 

space, say – if it ever happened on 

our brane. His calculations 

showed that such a transition 

would appear to be a smooth 

change, with “brane-time” 

gradually slowing down relative 

to “bulk-time” until it finally 

disappears and the brane gets 

its extra spatial dimension. 

This would have dramatic 

consequences for the brane 

and everything in it. 

“If this is really happening, 

we would start by experiencing 

things that we just cannot 

explain,” says Senovilla. Time in 

the bulk will run at the same rate 

as always, but clocks in our brane 

will tick increasingly slowly 

relative to bulk time. Because 

we aren’t aware of this, when 

we calculate the speed at which 

things are moving, it would 

appear that they are gradually 

moving faster. 

Although everyday events 

may quicken, the effects would 

be imperceptible. Senovilla thinks 

we’d get the first clear hint that 

something was amiss from 

measurements on cosmological 

scales, where astronomers have 

been gauging how the universe 

has changed over billions of years. 

“Our calculations show that we 

would think that the expansion of 

the universe is accelerating,” says 

Senovilla. “[Any] observation of 

dark energy could be evidence 

that our brane is changing 

signature and that time is 

disappearing,” he adds.

In the 1990s, astronomers 

measured the relative movement 

of similar supernovae from 

different eras in the history 

of the universe. They inferred 

this motion by looking at the 

frequency of light emitted from 

Faster, faster, time 
is running out!

–Tick-tock-tic-toc-ti-to…– 
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the supernovae at various 

distances from the Earth. 

However, the measurement 

of frequency depends on our 

perception of time so their results 

may have been skewed, leading to 

the “false” view that things are 

moving faster, says Senovilla. 

It may seem like an extravagant 

solution to the problem of dark 

energy but Senovilla argues that, 

unlike other attempts at solving 

the mystery, he does not need to 

invoke any exotic particles or new 

forms of energy.

If he is correct, things will 

seem to get faster and faster until 

time finally disappears. “Then 

everything will be frozen, like a 

snapshot of one instant, forever,” 

he says. The good news is that we 

needn’t worry that time will 

disappear in our lifetime. The 

team have calculated that even 

if it is already happening, time 

wouldn’t freeze for billions of 

years. “Our planet will be long 

gone by then,” says Senovilla. “It 

is only the poor brane that will 

feel the effects.”

Gary Gibbons, a cosmologist at 

the University of Cambridge, likes 

the idea. “We believe that time 

emerged during the big bang, 

and if time can emerge, it can also 

disappear – that’s just the reverse 

effect,” he says.

Gibbons says the team’s work 

gives us new insight into brane 

dynamics. “It’s intriguing to think 

that if you’re confined to the 

brane, you see things from a very 

different perspective, and we could 

mistake a change of signature for 

dark energy,” he says. 

Whether this is a realistic 

explanation for dark energy is 

another question. Gibbons would 

like the team to make other, 

testable predictions to back up 

their idea. “Until then, we can’t 

say that it is happening, but we 

can at least say that it could be,” 

he says.  ●

“Things will get faster until 

time finally disappears. Then 

everything will be frozen, like a 

snapshot of one instant, forever”

ZEEYA MERALI
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CANNABIS smokers beware: puff for 

puff, smoke from the plant contains 

significantly more chemicals and 

carcinogens than that from tobacco. 

Cannabis smoke is well known 

to be  more harmful to the lungs than 

tobacco , because smokers inhale 

cannabis one-third more deeply and 

hold it in their lungs for up to four 

times as long as cigarette smokers do. 

Cannabis smoke 

beats tobacco for 

toxic chemicals

Yet while we have a list of more than 

4000 chemicals and toxins present in 

tobacco smoke from dozens of 

studies, there is no comparable list 

for cannabis.

So David Moir of Health Canada 

and his colleagues set out to make a 

direct comparison, using machines 

that “smoke” the cigarettes and then 

collect and analyse the smoke. They 

found that directly inhaled cannabis 

smoke contained 20 times as much 

ammonia and five times as much 

hydrogen cyanide as tobacco smoke. 

Nitrogen oxides, known to affect the 

circulatory and immune systems, 

were five times as concentrated in 

cannabis smoke (Chemical Research 
in Toxicology, DOI: 10.1021/tx700275p).

The machine also measured the 

concentration of these chemicals in 

“sidestream smoke” – which would 

account for 85 per cent of the smoke 

you would be exposed to if you were 

sitting next to a smoker. Amounts are 

different because directly inhaled 

smoke has been produced at a higher 

temperature as air is drawn through 

the ember during inhalation. In each 

case, sidestream smoke contained 

higher concentrations of almost 

every chemical measured, although 

levels of polycyclic aromatic 

hydrocarbons – which affect 

reproduction and can cause tumours 

in animals – were higher in directly 

inhaled tobacco smoke.

“This study highlights that 

cannabis contains similar carcinogens 

to tobacco, in particular volatile 

organic compounds,” says British Lung 

Foundation spokesman Stephen Spiro. 

“That these exist in similar or even 

greater proportions to tobacco smoke 

is a great worry.”  Jason Palmer ●
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Even in a blind person around 3% of retinal ganglion cells act as light detectors, helping to regulate the body’s clock
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“Directly inhaled cannabis smoke 

contained 20 times as much 

ammonia and five times as much 

hydrogen cyanide as tobacco”

How blind people see 
sunrise and sunset
SOME profoundly blind people 

can “see” after all – although not 

in the way we traditionally think 

of vision. Cells at the back of their 

eyes monitor light levels and use 

them to set the body’s clock to 

either night or day. 

The new insights come from 

experiments involving two blind 

people who lack the rods and 

cones needed for normal vision. 

Although neither person could 

see anything, they unconsciously 

sensed whether it was light or 

dark by detecting blue light.

While this had been expected 

from earlier work in animals, the 

experiments provide compelling 

evidence for the way in which the 

brain tells night from day. The 

cells responsible are called retinal 

ganglion cells and are located in 

the outermost layer of cells lining 

the retina at the back of the eye  

(see Diagram). Retinal ganglion 

cells usually help to transmit 

visual information to the brain. 

Now it turns out that about 3 per 

cent of the ganglion cells respond 

to light and make melanopsin, a 

light-sensitive pigment. 

Normally, when we see, light 

penetrates this layer to reach 

rod and cone cells in the zone of 

the retina where light is focused 

to create sharp images. 

“Retinal ganglion cells are 

fundamentally different to rods 

and cones,” says Russell Foster of 

the Nuffield Laboratory of 

Ophthalmology at the University 

of Oxford, co-leader of the team 

whose results appear in Current 

Biology (vol 17, p 2122). “They’re 

gauging the gross amount of light 

in the system, a bit like a 

photographer’s light meter.”

The light-sensing properties of 

these cells were first discovered in 

2002 in rats by David Berson of 

Brown University in Rhode Island 

(see New Scientist, 16 February 

2002, p 17). Since then, 

experiments in mice engineered 

to have no rods and cones or 

melanopsin have proved that the 

ganglion cells are responsible for 

setting the animals’ circadian 

clocks and respond most strongly 

to blue light. The latest 

experiments provide the most 

convincing evidence yet that the 

same cells do this job in humans.

Foster teamed up with Steven 

Lockley of the Brigham and 

Women’s Hospital in Boston, and 

for 6.5 hours they shone light into 

the eyes of a 56-year-blind man 

who had no rods and cones. When 

they used blue light at night-time, 

they were able to delay  his body 

clock cycle by 1.2 hours, proving 

that his ganglion cells were 

registering light. At the same 

time, blood levels of the “sleep 

hormone” melatonin fell by 60 

per cent, the man’s alertness 

sharpened and his brain activity 

increased, demonstrating that his 

body clock had been fooled into 

thinking it was daytime. 

Nothing happened to the 

circadian cycle when green light 

from the centre of the visual 

light spectrum was shone in the 

man’s eyes, showing they could 

only detect blue light.  Further 

experiments involving an 

87-year-old blind woman from 

England confirmed this. 

The researchers say the results 

help to explain why blind people 

who have their eyes removed for 

cosmetic or health reasons suffer 

horrendous sleep disruption. 

Lockley recommends that doctors 

check to see whether blind people 

still have regular circadian clocks 

before doing such surgery. If 

their ganglion cells aren’t 

functioning, they can set their 

clocks by taking nightly doses of 

  melatonin .  Andy Coghlan  ●



This week–

LISTEN to dolphins whistling 

to each other and you could be 

forgiven for thinking that they are 

having a conversation. Now we’re 

a bit nearer to understanding 

what they might be saying, thanks 

to a project that has distinguished 

nearly 200 different whistles 

dolphins make and linked some 

of them to specific behaviours.

Liz Hawkins of the Whale 

Research Centre at Southern Cross 

University in Lismore, New South 

Wales, Australia, eavesdropped 

on bottlenose dolphins living 

off the western coast of Australia 

for her three-year study.

“This communication is 

highly complex, and it is 

contextual, so in a sense,   it could 

be termed a language ,” says 

Hawkins, who presented her work 

at a meeting of the Society for 

Marine Mammalogy in Cape 

Town, South Africa, this month.

   Dolphins were known to use 

“signature” whistles to identify 

themselves  to others, but the 

meaning of the other whistles 

they make was a mystery.

Hawkins recorded a total of 

1647 whistles from 51 different 

pods of dolphins living in Byron 

Bay, New South Wales. From the 

starting frequency of the sound, 

its duration, and its end 

frequency, she identified 186 

different whistle types. Of these, 

20 were especially common. 

Hawkins grouped all the 

whistles into five tonal classes and 

found that these groups, and even 

individual whistles, clearly went 

with different behaviours. When 

a pod was travelling, for instance, 

57 per cent of the whistles were 

“sine” whistles, rising and falling 

symmetrically. But when the 

dolphins were feeding or resting, 

they made far fewer whistles of 

this type. And while socialising, 

they communicated almost 

exclusively using flat-toned 

or rising-toned whistles.

The dolphins often made a 

particular flat-toned whistle when 

they rode the waves created by 

Hawkins’s boat, and it’s tempting 

to speculate that the whistle is the 

equivalent of a child going 

“wheeee!”. And in a group of 

dolphins living off Moreton 

Island in Queensland, Hawkins 

identified a whistle often emitted 

by an animal when it was on its 

own. “That whistle could 

definitely mean: ‘I’m here, where 

is everyone?’” says Hawkins.

Melinda Rekdahl, of the 

University of Queensland in 

Brisbane, is also investigating 

dolphin whistles. She found they 

make more whistles when they’re 

being hand-fed than dolphins 

feeding in the wild. It’s too early 

to know whether whistles might 

mean something as specific as 

“hurry up” or “there’s food over 

here,” Rekdahl says. “But it’s 

possible. Dolphin communication 

is much more complicated than 

we thought.”  Emma Young  ● 

BEWARE the blast from above: small 

asteroids that explode before they hit 

the ground may be more dangerous than 

we thought.

Asteroids a few tens of metres in 

diameter rip through the atmosphere at 

between 40 and 60 times the speed of 

sound, and many explode before they hit 

Earth. Extreme friction and heating can 

cause these asteroids to flatten into 

pancakes, which increases drag even 

more and eventually tears them apart. 

The resultant “airburst” is thought to be 

behind the 1908 Tunguska explosion in 

Siberia, which levelled 2000 square 

kilometres of forest.

Because airbursts spread material 

over a wide area and there is no impact 

crater, researchers rely on computer 

simulations to calculate the size of the 

asteroids that caused them. Previous 

calculations for the Tunguska event 

suggested an asteroid around 50 metres 

in diameter exploding with a force of 

between 10 and 20 million tonnes of TNT. 

Now a computer simulation by Mark 

Boslough of Sandia National Laboratories 

in New Mexico shows that a 30-metre 

asteroid could have been behind the 

Tunguska blast. That suggests smaller 

asteroids can do more damage than 

previously thought – a worry when one 

considers that objects smaller than 140 

metres across are not currently detected 

as they zip round the solar system.

Previous simulations overestimated 

the size of the bodies responsible for 

airbursts because they treated them 

much like a nuclear explosion at a fixed 

point in the atmosphere, says Boslough. 

As a result, the damage they caused was 

thought to be related only to the size 

and temperature of the blast, and its 

distance away from Earth’s surface. “That 

It’s always the 

little ones you 

need to watch
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neglects something significant, though – 

momentum,” says Boslough. His 

calculations show that the resulting 

fireball would continue to rocket 

towards Earth as it exploded. In the 

case of Tunguska, this jet didn’t quite 

reach the surface – stalling at an 

altitude of around 5 kilometres – but 

a heat and shock wave would have 

carried on to Earth’s surface to do much 

of the damage. 

It’s becoming clear that previous 

models aren’t right, says Boslough, who 

presented his results at the annual 

meeting of the American Geophysical 

Union in San Francisco this month. “If 

one of these events hit an area of high 

population density, it could kill 1 million 

people.”  Michael Reilly  ●

–Look who’s talking–

“If one of these airbursts 

hit an area of high 

population density, it could 

kill a million people”

Dolphins have a word for it
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YOU would expect the organisation 

responsible for ensuring 

biosecurity in labs working with 

dangerous animal pathogens like 

foot and mouth disease to know 

about any accidents that have 

occurred in those labs.

Not so DEFRA, the UK’s 

Department for Environment, 

Food and Rural Affairs. Freedom 

of information requests made by 

New Scientist have revealed that 

the agency has little idea of the 

number and nature of accidents 

and near misses at the 68 labs it 

has issued licences to.

Any lab seeking a licence must 

undergo an inspection to check it 

is equipped to deal with pathogens 

such as foot and mouth disease 

(FMD) and bluetongue. However, 

once licensed, it is left to carry 

out its own safety assessments. 

DEFRA merely asks it to report 

“where biocontainment has 

been compromised resulting 

in an actual release, or where it 

potentially could have resulted 

in such a release, of the 

microbiological agent”. 

Since 2004, only two such 

incidents have been reported – 

the   escape of FMD from the 

Pirbright research facility  in 

Surrey in August this year, and 

a leaking valve at the vaccine 

production plant owned by 

animal health company Merial 

on the same site in November. 

“There will have been 

accidents at the other 67 labs,” 

says Andy Mathieson, an 

environmental health expert 

at the University of the West of 

England, Bristol. “It might not 

have been an actual outbreak but 

there will have been near misses.” 

DEFRA’s approach is in sharp 

contrast to that of the UK’s Health 

and Safety Executive (HSE), which 

regulates labs working with 

human pathogens. It requires labs 

to report all accidents and near 

misses. It then investigates these 

incidents and takes enforcement 

action if necessary. DEFRA says 

it carries out annual follow-up 

inspections at the labs it regulates, 

and if problems are identified 

they must be remedied. 

Mathieson says this is not 

enough. “Annual inspections 

allow for self-regulation. It 

beggars belief that the agency 

responsible for licensing isn’t 

keeping records of near misses,” 

he says. “If it has no record-

keeping system in place, how 

can it assess risk?”

Ed Hammond of the Sunshine 

Project, a non-profit organisation 

in Austin, Texas, that monitors 

the use of biological agents, says 

this is a glaring problem. “If you 

only report when you’ve actually 

leaked something, then it is a 

useless system. Accidents need 

to be reported so they become 

known more broadly and lessons 

learned can be incorporated.” 

Hammond recently uncovered 

similar problems in the US, where 

some labs have   failed to report 

accidents  to the authorities. “You 

have a similar problem in the UK,” 

he says. “The relationship between 

the funders, the regulators and 

the labs is all muddled up.”

This could be about to change. 

On 13 December, a government 

review of the regulatory 

framework for animal pathogens 

recommended DEFRA be relieved 

of its role as regulator and hand 

over responsibility to the HSE. 

As well as regulating animal labs, 

DEFRA also commissions work 

from them – something the 

review chairman Bill Callaghan 

says is a clear conflict of interest.

“While we don’t doubt the 

integrity of individual DEFRA 

officials, we don’t think DEFRA 

can distance itself from being a 

regulator and its compelling 

interest in ensuring the labs 

continue to operate,” says 

Callaghan. He also recommended 

making biosafety guidance easier 

to understand, and giving 

regulators more tools to ensure 

labs comply with inspectors.

Mathieson says he would 

welcome the changes, but has 

doubts over the HSE’s ability to 

regulate animal labs. “I’m not 

sure there are enough inspectors 

to make it effective,” he says.  ●

LINDA GEDDES
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THIS WEEK 
50 YEARS AGO 

How Asian flu went global
The World Health Organization has 

shown how the infl uenza virus A/Asia/57 

spread from China to every continent in 

six months. A number of signifi cant 

features have been found which have 

led to a better understanding of the 

epidemiology of infl uenza. 

It seems that people over the age 

of 70 in the Netherlands, Australia and 

the US have proved to have antibodies 

against the virus, so it may be related 

to the virus which caused the 1889 

pandemic. It also seems that shiploads 

of infected people have played a bigger 

part in transmitting the disease than 

isolated cases carried by air. The 

summer weather in Europe and North 

America has put some restraint on the 

virus, yet it spread rapidly in the tropics.

Of even greater interest is work 

determining whether animals play 

a part in transmitting infl uenza to 

humans. In particular, it is well known 

that pigs suffer from infl uenza and that 

earthworms, which the pigs eat, can 

transmit the disease from one pig to 

another. It may turn out that pigs are 

the real reservoirs of the virus. 

Free radicals in tobacco smoke
Dr Hilda Johnston writes in Nature that 

cigarette smoke may give rise to cancer 

because it contains “free radicals” – 

incomplete chemical molecules, 

electrically uncharged but very reactive. 

These may have escaped detection until 

now if samples of cigarette smoke used 

for analysis have been exposed to light.

Two years ago research showed that 

cigarette smoke dissolved in benzene is 

fl uorescent, but that the fl uorescence is 

diminished by exposure to light, and 

even more by UV light. This suggested 

there were at least two compounds 

which might escape analysis but 

would reach smokers’ lungs. If the 

fl uorescence is due to the presence of 

free radicals it may be possible to detect 

them by exploiting their characteristic 

response to a magnetic fi eld.

From The New Scientist, 

26 December 1957

Animal lab mishaps 
‘go unreported’

–One that got away–
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“It beggars belief that the agency 

responsible for licensing isn’t 

keeping records of near misses. 

How can it assess risk?”



WE’RE getting used to  chimps doing 

things we once considered  unique to 

humans . Now one human feature 

that really distinguishes us from 

other apes has been identified: the 

menopause.

A comparison of the fertility 

patterns of six populations of 

chimpanzees with those of modern 

hunter-gatherers - who have no 

access to modern healthcare - shows 

that both chimp and human birth 

rates begin to decline after 40. But 

whereas chimps begin to die of old 

age when their fertility drops, 

human females live for a long time 

after they stop reproducing.

“Human life history is in fact one 

of the most radical departures from 

the apes,” says Melissa Emery 

Thompson of the anthropology 

department at Harvard University, 

who led the research. “We live longer 

than expected for our size; we have 

vastly higher reproductive costs yet 

manage to reproduce much faster; 

we mature very slowly, and we have 

this peculiar post-reproductive 

period that distinguishes us from 

most other mammals.”

Emery Thompson put together 

data from long-term studies of wild 

chimps at sites across Africa, and 

compared their fertility patterns with 

those of the !Kung people of Botswana 

and the Ache of Paraguay. The team’s 

finding that birth rates in both 

chimps and humans decline after 40 

suggests that the “biological clock” 

is a primate feature that has been 

retained in humans (Current Biology,

DOI: 10.1016/j.cub.2007.11.033).

But unlike humans, healthy 

female chimps over 40 still 

reproduced quite well, the team 

found, and chimps are known to 

have given birth in their 50s. What’s 

more male chimps, unlike the 

average man, tend to prefer mating 

with older females, presumably 

because they have proved their 

genetic fitness. One wild chimp, 

called Auntie Rose, was fertile until 

she died at 63, and males were still 

fighting over her.

“Male chimpanzees are 

consistently more sexually interested 

in older females, even those like 

Auntie Rose who was nearly bald,” 

says Emery Thompson. “This is a 

definite difference from humans.”

Why evolution did not favour 

extended human reproduction is an 

open question. But grandmothers 

are useful, and in hunter-gatherer 

societies they bring in more food 

than they need for themselves. 

Apart from humans, only toothed 

whales have a post-reproductive life 

that could be called menopausal.  ●

Menopause sets us 
apart from chimps

–Age is no bar to motherhood–
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This week–



2007–

A temperature of -32.1 °C doesn’t feel warm. 

But in Concordia, Antarctica, it qualifies as 

positively balmy; last year the temperature 

plummeted to -77.8 °C. The likely cause for this 

year’s warming is emissions of greenhouse 

gases, which hit   record high  levels in the 

atmosphere in 2007.   Glaciers are shrinking  

three times as fast as they were 20 years ago, 

and the   oceans are absorbing less carbon , 

weakening a brake on global warming.

Yet amid the rising tide of gloomy 

scientific findings there is a glimmer of 

hope. The world has never been more 

aware of climate change, and most 

key players now acknowledge that 

comprehensive emissions reductions 

will be needed to keep it in check.

When the Intergovernmental Panel on 

Climate Change (IPCC) released its   latest 

assessments , the world’s media accepted the 

now overwhelming evidence that global 

warming is real and dangerous. Gone are 

the days when sceptics, often funded by 

the oil industry, would get undeserved 

attention, and fewer opinion editors now 

earn dunces’ caps for publishing pseudo-

science by climate change deniers.

While the IPCC shared the   Nobel peace 

prize  in October for its efforts in highlighting 

the risks of climate change, arguably the 

most significant moves came in the US 

Congress. No fewer than 12 bills have been 

proposed, one of the most prominent 

calling for cuts in emissions of 60 per cent 

by 2050. A tough and truly global 

agreement on emissions won’t happen 

tomorrow, but with a new US president 

due it may not be long till America finally 

commits to the cause.  JIM GILES

WARMING TO A THEME

2007–
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2007–

With little water, and exposed to a searing sun, 

a nation cracked. Australia could tolerate its 

drought no more, and became arguably the first 

developed nation to feel the impact of climate 

change at a visceral level.

The 10-year drought, the worst in Australia’s 

recorded history, appeared to transform the social 

fabric. In the cities, Australian “mateship” and its 

companion, a relaxed disregard for authority, 

withered away as water restrictions hit home and 

neighbour informed on neighbour via special dob-

in-a-water-cheat hotlines. Following an alleged 

attack during an argument about a water violation, 

a Sydney man was charged with murder. Plastic 

lawns became the latest garden accessory – 

implausibly lush-looking by comparison with the 

parched tracts elsewhere.

In the country, farmers, once proudly able to 

withstand everything the Australian climate could 

throw at them, were driven off the land as 

  agricultural productivity plummeted . 

Politicians panicked, and revived discredited 

ideas to shift agriculture to the remaining wet 

regions in Australia’s north. Plans to build 

desalination plants for cities that were fast  

 running out of water  were hastily drawn up – 

and unravelled just as fast. Melbourne’s site for a 

A$3 billion (US$2.6 billion) plant could threaten rocks 

containing 115-million-year-old dinosaur fossils.

The rain that did fall often came in short, sharp 

torrents, damaging trees and buildings, bringing 

down power lines and triggering flash floods. 

Australia’s rainfall is notoriously variable, and some 

climate experts argue that the drought’s severity 

wasn’t necessarily due to climate change. Yet all 

agree that with climate change similar parched 

conditions will become the norm in southern 

regions of Australia where most people live, 

and that the water crisis will only deepen. 

By year’s end, alarm about the drought had 

helped unseat erstwhile climate-change sceptic John 

Howard as prime minister in one of the country’s 

most decisive general election results. Days after the 

defeat, his successor, Kevin Rudd, leader of the 

Australian Labor Party, had taken steps to ratify the 

Kyoto protocol on climate change.  RACHEL NOWAK

2006–

...WHILE A 
COUNTRY BAKES

2007–
R

O
B

 H
O

M
ER

/F
A

IR
FA

X

www.newscientist.com 22/29 December 2007 | NewScientist | 17



2007–

DEAD FAT 
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Plump, well-covered, big-boned. Whatever euphemisms we use, the 

inescapable fact is that many of us in the rich and pampered west are 

dangerously fat – and remain so, despite our governments’ increasingly 

panicked pleading to modify our diets and lifestyles.

In November, the   World Cancer Research Fund  (WCRF) added cancer 

to the growing list of   health problems caused by obesity , following 

the most comprehensive investigation ever undertaken into the links 

between diet, lifestyle and cancer. 

Previous warnings about diabetes, heart disease and arthritis 

have gone largely unheeded, as have health messages such as eating 

five-a-day and exercising more. So it is hard to believe the WCRF’s 

draconian 10-point eating plan, which involves shunning sublime 

bacon sandwiches, among other treats, won’t go the same way. 

What to do? We’re too fickle for a “fat tax” to work: put a 

premium on butter, and we’ll likely switch to cheaper salt-laden carbs, 

while slapping a levy on all the baddies risks penalising poorer people, 

who already struggle to afford fresh produce. 

Perhaps the answer is to target the kids, and make the message bite-size. 

Enter the   Food Dudes , TV superheroes who aim to beat the burger-and-fries 

marketers at their own game. After six episodes some of the hardiest mini-

refusniks are eating their greens – and even loving them – according to trials 

in 150 Irish primary schools. All for around $70 per child, or 30 or so children’s 

meals in the local fast-food outlet. 

In the US, the tide of obesity seems to have stopped rising, so could those 

gym memberships finally be paying off? Exercise physiologist Glenn 

Gaesser, author of Big Fat Lies, thinks not. His verdict? There’s an 

inbuilt limit to body weight, ergo “You can only get 

so fat.” Hmmm…  VIVIENNE GREIG



2007–

…to the Yangzte river dolphin or baiji, 

a mysterious yet majestic creature we may 

never again see alive.

An extensive survey in December 2006 

failed to find even one surviving animal. 

Then on 19 August, a   video shot by a 

Chinese man  showed a white dolphin-like 

streak that briefly broke the surface of the 

muddy waters.

Sadly, even if it was a baiji, this single 

and still disputed sighting means only that 

its demise is more protracted than we 

thought. Even if a pair for breeding were 

miraculously found, past attempts to 

establish a captive population all failed. 

The Yangzte river is too busy, polluted and 

overfished for any remaining animals to 

survive much longer.

That makes the baiji the first cetacean 

species to be driven extinct by humans. We 

have come close before: whalers wiped out 

the north Atlantic population of the grey 

whale in the 17th century, but the species 

survived elsewhere. For a river dolphin like 

the baiji – sole representative of the 

Lipotidae family – there is no elsewhere.

The baiji’s fate is all the more 

depressing because we had decades of 

warnings about its plight, and several 

attempts were made to conserve it. If so 

much effort was in vain, what hope is 

there for other endangered cetaceans such 

as the Gulf of Mexico porpoise, or vaquita?

In November, biologists reported that 

there are just   150 vaquita left  and that it is 

likely to go extinct in two years unless 

immediate action is taken to prevent the 

animals perishing in shrimping nets. The 

report received almost no coverage. In the 

space of just three years, the number of 

cetacean species wiped out by humans may 

jump from zero to two.  MICHAEL LE PAGE
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2007–

It was a long way from the “Pearl Harbor in 

space” that former US defence secretary Donald 

Rumsfeld once warned of. Yet when China 

destroyed one of its own satellites with a 

ballistic missile in January, the reaction from 

Washington was apoplectic.

Was China kicking off an arms race in space, 

the State Department demanded. Beijing’s 

explanation was slow to come – and guarded 

when it did. It had no intention of militarising 

space; its new-found capability to destroy 

spacecraft posed no threat, it said. As most 

analysts see it, China was aiming a warning 

shot at the US, whose own precision strike 

capability and controversial global missile 

defence system depend on satellites – 

including the ubiquitous GPS network. 

To ready itself for any attack on such “space 

assets” the US is spending at least $1 billion per 

year on space weapons and anti-satellite (ASAT) 

research. China’s approach to smashing its 

defunct Fengyun 1C weather satellite this year 

was rather less high-tech: it simply fired a DF-21 

medium-range ballistic missile off the back of a 

truck, producing a blizzard of space debris that 

is now strewn around the planet.

China, like the US, is one of the 92 signatories 

to the 1966  Outer Space Treaty, which outlaws 

the stationing of weapons of mass destruction 

in space. Russia and China are backing a new 

draft convention banning other space weapons, 

but the US refuses to sign up, pleading that it 

“ties its hands in dealing with a future threat”.

Meanwhile, 800 kilometres above the Earth, 

the remains of FY-1C are breaking up into ever 

more fragments. NASA’s Orbital Debris Program 

Office this year noted numerous instances in 

which other satellites had to be moved to a new 

orbit – using up precious fuel and shortening 

their useful life – to avoid them.  PAUL MARKS 

SATELLITE 
KILLER

2007–
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It is a modern tale of much ado about 

nothing. But that “nothing” is an 

enormous hole in the cosmos that defies 

standard cosmology and might just be the 

imprint of another universe bumping 

against our own.

In 2004, a giant cold spot was 

discovered, with its cosmic microwave 

background a chilly 20 to 45 per cent lower 

than the average for the rest of the sky, 

according to NASA’s WMAP satellite.

Intrigued, astronomer Lawrence 

Rudnick decided to take a closer look by 

examining a survey done by the Very Large 

Array radio telescope in Socorro, New 

Mexico. Then in August, his team 

announced that the most likely cause of 

the cold spot was a giant void nearly 

1 billion light years across that contained 

almost no stars,  galaxies or dark matter.

It’s hardly the first time empty spaces 

have been discovered in the universe. 

According to standard cosmology, all 

galaxies and galaxy clusters formed from 

quantum fluctuations in the early universe. 

These fluctuations were magnified when 

space inflated, giving rise to dense regions 

of coalescing matter and sparse regions of 

near nothingness. These regions of nothing 

may lie between vast coalescing blobs of 

dark matter, as in the picture above . 

Trouble is this void is so much bigger – 

40 times the volume of the previous record 

holder  in fact, which is tricky to explain. 

Indeed, so inconceivable are they that 

scientists have never even attempted to 

model them in computer simulations. 

We must crank up our simulations to a 

bigger scale, says Rudnick, who is based at 

the University of Minnesota, Minneapolis, 

and revisit our cherished theories to see if 

they can explain giant voids.

If that fails, it might be time to turn to 

exotica for answers. Laura Mersini-

Houghton of the University of North 

Carolina at Chapel Hill has an idea : the void 

was caused by a collision with another 

universe. String theory says that ours is just 

one of 10500 possible universes, and Mersini-

Houghton’s calculations suggest that this 

giant void could have been caused by a 

neighbouring universe pushing against our 

own, repelling gravity and the galaxies 

within.  ANIL ANANTHASWAMY
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Honeybees don’t shirk, and they don’t shut 

up shop. With legendary industry they 

work, and work some more, ensuring that 

flowers are fertilised and honeypots filled. 

So imagine the shock when billions of bees 

went absent.

Exactly this has happened as a result of 

what has become known as colony collapse 

disorder (CCD). Warning signs appeared late in 

2006, when beekeepers across the US began 

reporting abandoned hives. By spring of 2007 

up to a quarter of US hives were hit, and bees 

were vanishing in Europe and South America.

The world of apiary buzzed with 

speculation as to the cause. Perhaps the 

bees had left home for somewhere better, 

or maybe, as one giant labour force, they 

had simply downed tools, too stressed out 

to continue. It all sounds a little comical, 

but it is potentially disastrous. Honeybees 

are hugely important natural pollinators 

and arguably the most economically 

important insect on the planet.

Neither pesticides nor parasites explained 

the peculiar pattern of disappearances until, 

in September, traces of Israeli acute paralysis 

virus (IAPV) were discovered in afflicted 

colonies. The virus kills within days, driving 

worker bees out of the hive before finishing 

them off. IAPV was found in imported bees, 

leading some researchers to claim a foreign 

agent was at work.

Now it appears IAPV has existed in the US 

since at least 2002, making it harder to judge 

whether the virus is causing CCD or simply 

taking advantage of colonies weakend by 

other factors. There is a financial sting in the 

tail too – the bees that are left are busier 

than ever, but crop growers have to pay 

beekeepers twice as much as before to get 

their wares pollinated.  IVAN SEMENIUK
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2007–

“This isn’t the 15th century,” exclaimed an 

indignant Canadian foreign minister. “You 

can’t go around the world and just plant 

flags and say: ‘We’re claiming this 

territory’.” Except that’s exactly what 

Russia did in August when it audaciously 

plonked a flag on the seabed under the 

North Pole, and lodged a claim of 

sovereignty with the United Nations.

Protestations apart, Canada has hardly 

been idle itself in the Arctic. In its own 

show of strength, in July it announced it 

would spend a hefty US$7 billion  patrolling 

the Arctic Circle with icebreakers,  and after 

Russia planted its flag, Canada announced 

plans for a military training base on 

Nunavut in its far north.

The dash to claim the “Arctic El Dorado” 

is well and truly on, and the reasons why 

the race started in earnest in 2007 are 

twofold. First, the summer sea ice melted 

more than ever. This means the prospect of 

plundering  the Arctic seabed for its riches 

of oil, gas and minerals is closer than ever. 

 Similarly, the fabled   North-West Passage  

became navigable for the first time, which 

could slash thousands of miles off the 

shipping route from Europe to Asia.

The second reason is that claims to the 

Arctic shelf made under the   UN Convention 

on the Law of the Sea  must be made within 

a decade of ratifying it, so Russia only has 

until 2009, Canada until 2013, and Denmark  

until 2014. 

As the ice melts, the Arctic squabbling 

continues. Denmark says it has a claim to the 

North Pole, via its self-governing province of 

Greenland. The Canadians say the pole is 

theirs, while Russia has already set down its 

flag. Funny how there’s less clamour to 

preserve the ice than there is to plunder the 

riches beneath it.  ROWAN HOOPER

THE 
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2007–

It’s like finding out some fascinating little 

secrets about your own mother.

This year, our life-giver, the Blue Planet, 

revealed a host of details about herself. We 

learned where to find the clearest seas, the 

oldest piece of the Earth’s crust, why it 

hums, and how many volcanoes sit on the 

ocean floor. We now know how the weather 

makes the days a tiny bit longer, while 

climate change will make them shorter. Oh, 

and Earth is smaller than we thought.

The planet’s clearest ocean waters lie in 

the middle of the southern Pacific. A lack of 

chlorophyll and nutrients also makes them 

the most lifeless, giving them an eerie violet 

hue that can be picked out from space. 

The record-breaking crust, at 3.8 million 

years old, was found in Greenland. 

As for that mysterious hum, computer 

models show it is caused by turbulent 

water pounding the ocean floor. A review 

of sonar data reveals there are more than 

200,000 undersea volcanoes, 10 times the 

number expected. Most were too small to 

have been detected before.

In June, new video technology revealed 

sprites in their full glory as these gigantic 

flashes of light tear through the thin air 

above thunderclouds. A new type of polar 

aurora was also revealed, thought to be 

caused by electrons from the solar wind 

reaching a different part of the atmosphere 

from the source of most auroras.

Why do El Niño events make the days a 

wee bit longer? It’s because they generate 

strong westerly winds that speed up the 

rotation of the atmosphere. The Earth and 

its atmosphere system always retain the 

same total angular momentum, so Earth 

has to slow down to compensate, adding 

roughly 1 millisecond to each day during an 

El Niño. That will partly be offset by climate 

change, as warmer oceans will shift some 

of the mass of the oceans towards the poles. 

Like an ice skater tucking her arms into her 

body, the Earth will spin faster, losing 

2.3 milliseconds every 100 years.

What of our planet’s size? A new, more 

precise measurement of her diameter 

revealed she is 5 millimetres smaller than 

we thought.  CATHERINE BRAHIC

EARTHLY 
INSIGHTS

2007–
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2007–

Car alarms, horns, sirens. The booming bass 

of radios and hi-fi, the tinny noise leaking 

from other people’s MP3 players. Roadworks, 

roaring jet planes and people shouting 

down cellphones. 

And so it goes on, every minute of every day. 

Individually, such sounds can be dismissed as an 

unavoidable consequence of modern life. 

Together, they create an incessant wall of sound 

that experts now say poses a significant threat to 

our health.

In August, the World Health Organization 

broke new ground by releasing preliminary 

estimates of the number of Europeans killed  or 

disabled by   exposure to noise . For example, 

chronic and excessive traffic noise is implicated 

in  the deaths of 3 per cent of people in Europe 

with ischaemic heart disease. Given that 

7 million people around the globe die each year 

from heart disease, and assuming an average 

exposure to traffic, that would put the annual 

toll from exposure to noise at 210,000 deaths. 

Noise kills in much the same way as chronic 

stress does, by causing an accumulation of stress 

hormones, inflammation and changes in body 

chemistry that eventually lead to problems such 

as impaired blood circulation and heart attacks. 

Such insidious effects on our health can happen 

even when we’re asleep and unaware that we’re 

exposed, as our bodies still produce a similar 

physiological response .

So is there any way to damp down the 

volume? Next year, the WHO will finalise its 

estimates of the damaging effects of noise. 

Crucially, it will also provide guidelines on 

exposure levels that are likely to cause harm, 

allowing local or national governments for the 

first time to justify tough noise-abatement rules. 

Like smoking and its passive effects, making a 

din may no longer be considered simply 

antisocial, or even illegal. It might be deemed 

lethal.  ANDY COGHLAN
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2007–

Could you place yourself in the mind 

of a profoundly disabled child and decide 

how you want to live your life? How 

about the child’s parents, where your 

quality of life is at stake as well as your 

offspring’s? 

On 2 January we gained an unique 

insight into such dilemmas, when the 

parents of   Ashley , a nine-year-old girl 

with the mind of an infant, went public 

about their decision to give their 

daughter hormones to stunt her growth 

and have doctors remove her uterus and 

breast buds. 

They argued that her   quality of life   

would improve by reducing complications 

from a sexually mature body. The world 

debated the parents’ choice: did they act 

in her best interests or were Ashley’s rights 

violated for her parents’ convenience?

In August, came the report about a 

man who had been roused from a 

  “minimally conscious state”  after six 

years. His doctors used deep brain 

stimulation (DBS) to revive activity 

in undamaged areas of the brain. 

Incredibly, though he is by no means his 

former self, he can now speak intelligible 

words and eat normally.

Such events force us to reckon with 

the decisions we make on behalf of 

profoundly disabled people. The success 

of DBS could mean that minimally 

conscious individuals are no longer 

condemned  to lie in bed for life. But it is 

unlikely to work in every case, and 

recovery may be incomplete – perhaps 

leaving people in more distress or 

needing more care than if they had been 

left alone.

As medicine progresses, there will 

likely be tough decisions to make, but 

without the means to objectively assess 

whether someone is better off, doctors 

and families may just have to keep 

swallowing hard and pressing forward, 

hoping that they’re doing the right thing.  

JESSICA MARSHALL

A RIGHT 
TO A LIFE
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2007–

Here are some of the year’s highlights you 

probably didn’t hear about. A giant swarm of 

honeybees emerged from a void in space, and 

the head of the Dolphin Party ordered a 

satellite shot down because it was humming 

far too loudly for the delicate ears of their 

dolphin subjects. Meanwhile, US president Al 

Gore won prizes for investing in a new 

oil rig designed to drill through the ice sheet 

covering Australia’s frozen outback.

OK, none of that actually happened, at 

least not here. But in 2007 we had to face up 

to the possibility that all of this and more could 

have played out in some parallel universe.

The Many Worlds Interpretation of 

quantum mechanics was first raised 50 years 

ago by Hugh Everett, who wrestled with the 

notion that particles and atoms don’t have 

fixed properties until you look at them. Until 

particles are measured, so conventional 

wisdom goes, they can only be described as a 

“wave function” of many different states. 

Everett took the bold step of applying 

this aspect of quantum mechanics to the 

whole universe. In his view, every choice 

we make spawns parallel realities, one for 

each of the infinite quantum properties 

possible before you act. 

The idea was largely dismissed in Everett’s 

lifetime, but in September, physicist David 

Deutsch at the University of Oxford and his 

colleagues struck a major blow for the theory. 

They showed that the mathematics behind 

parallel universes gives rise to some of 

quantum mechanics’ otherwise inexplicable 

equations – in other words, the existence of 

other worlds would explain a lot about the 

laws we already know. 

Bizarre as it may seem, we might have to 

accept that parallel worlds really do exist. So 

as 2007 draws to close, breathe a sigh of relief 

that you’re not ruled by sabre-rattling 

dolphins or celebrate the fact that you’ve had 

the best year of your life  – at least in some 

universe.  ZEEYA MERALI

2007–
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Technology

DOES the UK quit when the going 

gets tough? That’s how it looks to 

scientists across the world.

Last week the UK   Science and 

Technology Facilities Council  

(STFC) horrified scientists when it 

announced cuts in contributions 

to a range of major collaborations 

after an £80 million squeeze in 

its physics budget. Among the 

casualties is the   International 

Linear Collider  – a $6.7 billion 

particle smasher intended to 

probe dark matter and search for 

extra dimensions. The UK was to 

be a major partner along with the 

US, Japan and Germany and has 

already invested £30 million. It 

will now withdraw its support. 

“We know this is damaging 

to our international reputation,” 

says Keith Mason, chief executive 

of STFC. The U-turn could stymie 

its ambitions to host major 

international physics facilities.

SHELL is to become the first major 

oil company to produce diesel 

fuel from marine algae.

Algae are a climate-friendly 

way to make fuel from carbon 

dioxide. They produce an oil that 

can readily be converted to diesel, 

and can be fed CO2 directly from 

  smokestacks . Unlike   biofuels  

such as corn, they don’t  use up 

soil or water that could otherwise 

60 
years ago, on 16 December 

1947, John Bardeen and Walter 

Brattain of Bell Labs built the 

world’s first transistor

Vilified as big and dangerous, sports 

utility vehicles are not the worst threats 

to life and limb on the road. It is the 

sports car that kills the most people 

per crash, and crashes the most often.

SUVs get picked on for good reason: 

their blunt, chest-high bodywork can 

crush pedestrians in collisions, and their 

high centre of gravity   increases the risk 

of rolling . A study in 2005 also showed 

that while SUV drivers run the same risk 

of injury as other drivers, they are more 

likely to injure others (  Accident Analysis 

and Prevention, vol 37, p 479) .

Despite this, driving a sports car still 

poses the greatest overall risk of injury. 

Michael Keall of Monash University in 

Melbourne, Australia, and Stuart 

Newstead of Otago University in 

Wellington, New Zealand, analysed data 

on 17,000 crashes involving vans, sports 

cars, saloon cars and SUVs that occurred 

in New Zealand in 2005 and 2006. They 

didn’t tease apart whether it was 

drivers or others that got hurt more, but 

they found that the chance of injury to 

vehicle occupants, pedestrians and 

cyclists overall was 40 per cent higher 

in a crash involving a sports car than in 

one involving an SUV. They also found 

that sports cars were more likely to 

crash than other vehicles (  Accident 

Analysis and Prevention, in press ).

The pair speculate that the ability 

to drive and accelerate faster in a sports 

car is to blame, but Duncan Vernon of 

the UK’s Royal Society for the Prevention 

of Accidents reckons it is a red herring. 

He says the types of cars people buy 

reflect their attitudes to driving: “The 

focus should be on reducing dangerous 

driving behaviour in all types of car.”

SPORTS CAR CRASHES HURT MORE 

be used to grow food, which can 

pump up food prices. 

The US government 

abandoned research on algal 

biofuel in the 1990s because of the 

low cost of crude oil . But as oil and 

food prices began to rise, small 

algal fuel producers sprang up. 

Shell plans to begin 

construction on a pilot plant in 

Hawaii immediately, which it 

expects will produce 15 times as 

much oil for a given area as other 

biofuel crops, thanks to the 

efficiency of algal photosynthesis. 

A snake robot that can slither down corridors and turn corners without bumping 

into walls has been built at the Foundation for Research and Technology in Heraklion, 

Greece. Two pairs of infrared sensors on its head allow it to judge the distance to 

surrounding walls and adjust its position to maintain equal space on either side of 

it. Teams of snakebots in a simulation were also able avoid bumping into each other. 

The terrifying prospect of military powers that   fry their enemies from above  using 

high-energy lasers is a step closer. The US air force and Boeing have attached a 5-tonne 

chemical laser to a   C-130 Hercules transport aircraft . The plan is to test its ability to 

destroy ground targets such as tanks. The only visible sign that the plane is carrying 

the weapon is a small mirrored turret beneath the fuselage that directs the laser.
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THE GAMES PEOPLE PLAY

Online and cellphone software are predicted to 

be the fastest growers in the games market

Coined by online gamers, this expression of triumph was named “word of the year” on 11 December by US dictionary publisher Merriam-Webster, which asked 

readers to vote on a list of words commonly searched for online. Meaning “yay!”, it is short for “we owned the other team!” (Slashdot.org, 12 December)

“w00t!”

–It could be worse–
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contributions

Green light for 

marine algae
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Technology

COULD a robot learn its tasks as easily 

and as naturally as a child? 

Sylvain Calinon and his colleagues 

at the Swiss Federal Institute of 

Technology in Lausanne think so. 

They have created software that 

allows them to teach a humanoid 

robot new tasks – such as how 

to move chess pieces – simply 

by  guiding its limbs through 

the necessary motions . The 

60-centimetre-tall robot, called 

HOAP-3, is made by Fujitsu. 

In humans, parents “mould” 

children in this way, when teaching 

them how to hold a pen, for 

example. “We are taking insights 

from studies in developmental 

psychology and humans’ capabilities 

at transferring skills,” says Calinon. 

He hopes the software will allow 

consumers to teach domestic robots 

to do novel chores, something other 

roboticists agree would be useful. 

“Rather than having a fixed 

behaviour repertoire, a [domestic] 

robot needs to learn from its owners 

and adapt to new conditions,” says 

Kerstin Dautenhahn, an expert in 

artificial intelligence at the University 

of Hertfordshire in the UK.

In some car factories, robots are 

equipped with sensors to record any 

movements that are guided by 

humans, so they can later reproduce 

the movement unaided. What 

distinguishes Calinon’s robot is its 

ability to figure out, from several 

run-throughs, which parts of the 

task to reproduce exactly every time 

the task is repeated and which parts 

can be varied depending on the 

situation. This allows it to carry out 

the same tasks under a range of 

different circumstances – and makes 

the learning process resemble the 

way a child learns. 

The secret to the robot’s 

adaptability lies in the specific way 

it is taught. When guiding a robot 

through the movements necessary 

to move a particular chess piece, for 

example, Calinon repeats the task 

three to five times, changing the 

starting point of the chess piece each 

time he guides the robot’s arm, but  

keeping the way he grips and 

moves the piece exactly the same. 

The robot’s software deduces that 

the movements involved in getting 

its hand to the chess piece can vary 

but that the rest of the task – how to 

grip and move the piece – is always 

the same. As a result, even when the 

piece lies on a different part of the 

chessboard, the robot can find it 

with its two camera eyes, adjust its 

movement accordingly to pick it up, 

but still move the chess piece in the 

proper way. “An old robot would 

assume the piece was still in its 

original position and grasp at thin 

air,” says Joe Saunders, also at the 

University of Hertfordshire.

HOAP-3 is programmed with the 

dimensions of its arms and torso and 

the angles through which its joints 

can move, and uses this information 

when figuring out exactly how to 

adapt its movements to suit a new 

situation. When it is physically 

guided through the chess move, for 

example, it constructs a 3D model of 

the environment which includes the 

position its hand must be in to pick 

up the chess piece. It can even decide 

to try new motions, such as bending 

at the waist, to reach some pieces. 

“That’s a function the robot 

generates – we haven’t taught it 

that,” says Calinon.  Colin Barras ●

THE viral infection that began 

in Cambridge, Massachusetts, 

somewhere between MIT and 

Harvard University, failed to cross 

the Charles River into Boston; in 

California, the San Francisco Bay 

stymied a similar attack. 

This was not a biological 

infection, but the first simulation 

of an airborne computer virus. It 

spread by hopping between 

wireless routers, which are 

more susceptible to viruses than 

computers, says Steven Myers 

of Indiana University in 

Bloomington. “We forget that 

routers are mini-computers. 

They have memory, they are 

networked and they are 

programmable.” And since they 

aren’t scanned for viruses, or 

protected by existing firewalls, 

they are easy targets. Myers 

knows of no actual router viruses, 

but says such a virus could steal 

credit-card numbers, make the 

router send out spam and block 

incoming security patches. 

Routers close enough together 

to communicate – less than 100 

metres apart – could act as a vast 

network for viruses. Although 

routers don’t usually 

communicate with each other, 

it would be easy enough for 

malicious hackers to use a virus 

to switch on that capability if the 

router’s encryption system were 

weak, Myers says. 

To investigate how a router 

attack might play out, Myers and 

his colleagues used records on the 

location of Wi-Fi routers around 

Chicago, Manhattan, San 

Francisco, Boston and parts of 

Indianapolis to create a computer 

simulation. In each city, a virus 

hopped between routers that 

were within 45 metres of each 

other and lacked high-security 

encryption (  www.arxiv.org/

abs/0706.3146 ). They were 

surprised by how quickly the 

virus spread: tens of thousands of 

routers were infected in each city, 

most within 48 hours. The 

geography of the cities affected 

the spread, with rivers and bays 

forming “natural firewalls”, 

Myers says. 

There are less drastic ways 

to protect your router than 

relocating to a river bank, he says. 

You could change the password 

from default on your router and 

enable its high-security WPA 

encryption scheme. 

However, Ross Anderson, 

a computer scientist at the 

University of Cambridge, UK, 

warns that the study highlights 

a broader problem. “Software is 

popping up everywhere – in your 

router, your phone, your 

microwave, not just your PC – and 

there is the potential to unleash 

mayhem.”  Zeeya Merali  ●

“Tens of thousands were 
infected in each city, 
most within 48 hours” 

–Let me try it by myself–

The robot 
that learns 
like a child

There’s 
something 
nasty in the air 
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Comment and analysis–

HOW do you feel after you go for a rural 

walk? In a green place, whether in city 

or countryside, being close to nature 

seems to improve our well-being, even 

when it is bitterly cold, fiendishly hot, 

or pouring with rain. The moderate 

physical activity of walking in an 

environment like this seems to bring 

clear benefits to physical health and 

well-being. 

In addition, there is growing 

evidence from the UK, Scandinavia 

and the US that being active outdoors 

(“green exercise”, for short) can also 

bring substantial mental health benefits 

by reducing stress levels and enhancing 

mood. Here in the UK at the University 

of Essex, our research has shown that 

from walking and horse-riding to 

fishing and running, regardless of 

level of activity or time spent, physical 

activities improve psychological well-

being by enhancing mood and self-

esteem, and reduce anger, confusion, 

depression and tension. Exercising with 

others also seems to improve social 

networking and connectedness.

Of our subjects, three-quarters felt 

less depressed, tense and angry after 

green exercise; two-thirds reported an 

overall improvement in mood, and 

almost two-thirds an improved level of 

self-esteem. All groups showed gains in 

average self-esteem and mood levels.

We also compared the effects of 

running on a treadmill while runners 

were faced with one of four views, 

which we classified as rural pleasant, 

rural unpleasant, urban pleasant and 

urban unpleasant. There was also a 

control group who had no view at all, as 

in most gyms. “Rural pleasant” was the 

winner, with improved psychological 

outcomes and substantially reduced 

blood pressure, while the “urban 

unpleasant” view came bottom. 

Runners with “no view” fared better 

than those viewing gritty urban scenes.

Establishing emotional connections 

with the environment also inspires 

people to think about conservation and 

climate change, which, in turn, is likely 

to encourage environmentally friendly 

behaviours – a virtuous cycle of benefit 

to the environment.

All these positive outcomes have 

implications for direct intervention. 

For people who are physically or 

mentally unwell, this translates into 

“green care”, while “green design” 

relates to the redesign of environments 

such as buildings, gardens, urban areas 

or rural landscapes so that people can 

be well physically and mentally. 

One example of green care was a 

joint research project we ran with the 

British mental health charity Mind, in 

which we compared the effects of a 

walk in the woods with a walk in a large 

shopping mall in people who had been 

diagnosed with mental health 

problems. After the outdoor walk, 

90 per cent of the participants reported 

significantly improved self-esteem, 

compared with 5 per cent whose self-

esteem had got worse. After the indoor 

walk, only 17 per cent reported 

improved self-esteem, and 44 per cent 

reported worse. Clearly, nature delivers 

important health benefits if we 

reorganise lifestyles and behaviours.

Straightforward as this sounds, it is 

easier said than done. We are so used to 

travelling by car that walking or cycling 

have become inconceivable for many. 

We have also become used to long 

working hours that leave insufficient 

time for physical activity. Then there is 

the fact that work itself is much more 

sedentary than in recent generations: 

50 years ago the extra physical activity 

undertaken by the average person 

compared with their counterpart today 

was the equivalent of running a 

marathon every week. That is a big 

gap to make up.

At this time of year we need little 

reminding of the link between modern 

diets and sedentary lifestyles and the 

rapid rise in obesity and obesity-

related diseases. The numbers 

seriously alarm governments, not least 

because of the billions this adds to 

health costs, yet they seem unable to 

think beyond publicity that exhorts us 

to eat more fruit and vegetables or take 

weekly doses of physical activity. 

The messages fall largely on deaf 

ears, and new, joined-up solutions are 

badly needed instead. Governments 

must abandon both top-down health 

targets and demand-driven thinking 

that relies on convincing people to 

change their habits. What is needed is 

a rethink of the design of cities, towns 

and villages, and the spaces within to 

make green exercise on a daily basis 

easy and almost inevitable. 

At the same time, stress and mental 

ill health are rising sharply in 

industrialised countries. The annual 

cost of mental illness in the UK alone is 

£77 billion, and the reduced quality of 

life, disability and distress it causes are 

unquantifiable. Green care could save 

millions on antidepressants that don’t 

always work. Green thinking also offers 

opportunities for rehabilitating youth 

offenders: instead of locking them all 

up, some could benefit from “care 

farms” where activity and the rhythms 

of farm life may bring new meaning.

Above all, policy-makers need to 

appreciate that our environment and 

nature are not only important national 

resources with inherent value for 

biodiversity, but could also be a key 

part of our healthcare systems.  ●

Jules Pretty, professor of environment and 

society at the University of Essex, is author 

of The Earth Only Endures (Earthscan)

The greening of healthcare

“We compared the 
effects of running 
on a treadmill 
where runners 
faced rural and 
urban views”

The natural environment is important for more than its biodiversity, and it’s 
time policy-makers recognised as much, says Jules Pretty
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Letters–

Every cell is sacred? 

From Stephen Wilson

You suggest that the ability to 

turn skin cells into embryonic-

like stem cells “avoids the 

moral objections that go with” 

harvesting embryonic material 

(  24 November, p 3 ). In fact, 

if we retain an arbitrary 

definition of life and death, 

this new technology poses 

new quandaries.

If a life could be created from 

any old piece of human tissue, 

then the classic division of 

opinion arises. Some people 

might become morally distraught 

at the disposal of dandruff, while 

others could be reassured that 

aborting a pregnancy in the first 

trimester is not so much a killing 

as an amputation.

If there is no difference in 

the “aliveness” of an embryo 

and a skin cell, then no moral 

dilemmas are resolved until we 

develop a more sophisticated 

understanding of what a life 

really is.

Five Dock, New South Wales, 

Australia

Trade whose emissions?

From Richard Wing

 In your editorial on climate 

change (  1 December, p 5 ) you say: 

“make each country responsible 

for all its carbon emissions”. 

If a Japanese company owns 

a factory in China which is 

making goods to sell to customers 

in the US, then whose emissions 

are they?

Alfreton, Derbyshire, UK

Reason or religion 

From Valerie Stone

 I am surprised anyone would be 

so naive as to believe that science 

will eventually conquer all 

nature’s mysteries, as you report 

Peter Atkins does (  10 November, 

p 6 ). Historians and philosophers 

of science have already shown 

through analyses of scientific 

revolutions and of chaotic 

systems that this cannot happen.

Consideration of evolutionary 

biology gives us a similar lesson: 

science is done with human 

brains, using human cognition, 

and so is necessarily constrained 

by what our brains can and cannot 

represent about the universe. But 

all that aside, any scientist knows 

that the moment all mysteries are 

conquered is the moment their 

grant money dries up.

Brisbane, Queensland, Australia

From John Falla

 It may be true, as your editorial 

states, that replacing religion with 

science is fanciful (  10 November, 

p 3 ). But what’s not fanciful is 

separating the state and religion. 

Prying the dying hands of the 

Anglican church from the British 

state is a move that is long 

overdue. What is also not fanciful 

is separating education and 

religion. I am appalled by the 

continued state funding of faith 

schools in the UK.

London, UK

From Peter Scott

 Why is belief so dangerous? Well, 

if people allow themselves to be 

persuaded to accept one absurd 

idea, it becomes much easier to 

make them accept others, such as 

statements that Muslims, blacks 

or Jews are inferior or damned, for 

example. From there, it is a small 

step to condoning and justifying 

the destruction of those groups. 

As Mark Twain said, “Faith is 

believing something you know 

ain’t true.”

North Walsham, Norfolk, UK

From John Osborn

 What good is religion? I’ll tell you. 

It is by far the greatest labour-

saving device ever invented.

Why? 

Because once you believe, you 

never have to think again. The 

amount of painful effort this 

must have saved throughout 

history is enormous!

Martinez, California, US

Not even probable

From Gerry Harant

 Andrew Baker says, following 

David Hume, that we cannot 

be sure the sun will come up 

tomorrow based on the 

understanding that it has always 

come up before (  24 November, 

p 22 ). From this he argues that 

science cannot establish the 

existence of the causal links 

required to apply the 

precautionary principle and 

take action against threats 

such as global warming.

The global warming deniers 

are not troubled by such 

philosophical niceties when they 

make their disastrous decisions, 

which affect all of the planet.

Their arguments are based on 

the certainties of the fossil fuel 

market and the absolute truths 

of the stock exchange.

They can rely on their deep 

insight that superior power beats 

superior knowledge every time.

Unlike Baker, I feel quite 

capable of coping with the 

awful knowledge that in our 

misguided zeal to expose the 

near certainty of global 

catastrophe, we may well be 

inflicting irreparable damage on 

somebody’s belief in what they 

heard in introductory philosophy. 

Blackburn, Victoria, Australia

From Trevor Hussey

 Baker’s conclusion that science 

should offer probabilistic 

predictions to policy-makers may 

be both sensible and important. 

But it is not rationally justifiable 

by his own arguments. If we 

invoke Hume’s doubts about 

induction to undermine causal 

explanations, then we must 

accept that they apply equally 

to probabilities.

The measurements that 

supported a given probability 

in the past may not do so in the 

future. The fact that things 

predicted with a high probability 

have, in the past, proved more 

likely to happen than those with a 

low probability does not mean 

that they will continue to do so.

To appeal to Karl Popper’s 

thesis that scientists should not 

pursue truth but should seek to 

falsify their hypotheses does not 

help. That thesis rests on the 

inductive assumption that, once 

refuted, a hypothesis will prove 

false in future.

High Wycombe, 

Buckinghamshire, UK

Andrew Baker writes:

● Hume realised that his 

demonstration of the 

impossibility of establishing 

causation had huge implications, 

especially since it meant that 

even using probabilities was 

problematic. But probability, 

Hume said, was the best way out 

that we knew of. Somehow we 

must reconcile his arguments 

to achieve practical outcomes 

like management.

China in a bull shop

From Julius Wroblewski

 Your cover story on the rise 

of China as an economic 

and technological power 

(  10 November, p 48 ) included a 

sombre article (  “It’s raining men”, 

p 63 ) dealing with the potentially 

destabilising effect of China’s 

evolving glut of males. If China 

dropped its hostility to 

homosexuality and allowed gay 

marriage, millions of gay men 
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could openly arrange their affairs 

in a way that would relieve some 

of the country’s sexual pressure.

And what about some changes 

to the norms of heterosexual 

relations that would even give the 

west pause, such as polyandry? 

The Chinese may have to get very 

creative along these lines, or face 

either an explosion of male 

violence or a mass exodus of virile 

men to greener pastures.

Vancouver, British Columbia, 

Canada

Drugs work sometimes

 From David Kingdon

I entirely agree with Morgan 

Haldane, Sophia Frangou 

and Spilios Argyropoulos (  24 

November, p 24 ) that medication 

is helpful in schizophrenia – 

although whether the newer 

atypical drugs, with their own 

distinctive repertoire of side 

effects such as diabetes, represent 

an advance is  questionable.

Antipsychotic medication 

was discovered because astute 

individual clinicians noted the 

potential effect of drugs 

developed for other uses. It had 

nothing to do with attempts to 

“unpick the biological basis of 

schizophrenia”.

And how have studies of the 

“environmental stressors” and 

“neurotransmitter genotypes” 

improved the lot of even one 

individual with schizophrenia? 

I do not wish to overplay the 

role of cognitive therapy in acute 

treatment and relapse, but 

evidence of its effectiveness 

is accumulating.

Southampton, UK

From William Smyth

 How dare Morgan Haldane and 

colleagues be so glib about 

chlorpromazine? I nearly died in 

the outback of the English Lake 

District on a glorious summer’s 

day, because doctors had not 

told me that this disgusting 

concoction is photosensitising. 

They then suggested I use a 

barrier cream and stop going 

out in daylight.

Then there are the thousands 

of patients crippled by tardive 

dyskinesia.

Lytham St Annes, Lancashire, UK

It’s in the mix

Andy Taylor, Division of Food 

Sciences, University of 

Nottingham

 Scaling odours from pleasant to 

unpleasant and linking liking to 

molecular structure is one thing 

(  17 November, p 48 ). Applying this 

to perfumery is a classic example 

of over-extrapolation of data.

If perfume consisted of one 

odour compound, the correlation 

might hold. In practice, perfumes 

contain several hundred 

components, which creates one 

level of perceptual complexity, 

and then there are interactions 

between the odours at the 

receptor level and at the 

cognitive level that add yet 

more complexity. 

I agree with Charles Sell, 

quoted in the article, that we are 

still a long way off understanding 

perfumes. The article does, 

however, highlight progress 

towards understanding the 

odour-structure relationships 

of single odorants.

Loughborough, Leicestershire, UK

Nota bene

From David Budworth

 I may well have been one of those 

to surprise Dennis Woodman 

(  3 November, p 26 ) by transcribing 

a document instead of 

photographing or scanning it, or 

having it copied. I sometimes 

sketch things in preference to 

photographing them: it forces me 

to read or look at them properly 

there and then, rather than at 

some future time.

A copy is a useful back-up in 

case of doubts about the accuracy 

of the original notes, and a 

photograph may include details 

whose significance emerges 

only when putting together 

disparate pieces of evidence. 

That does not diminish the value 

of initial close concentration, 

which is, in my view, well worth 

the time expended. 

London, UK

Silent night 

From Chris Geraghty

 It’s not my partner’s insomnia 

that bothers me, it’s my own. 

As regular as clockwork he wakes 

in the middle of the night and 

reaches for New Scientist. In truth, 

I applaud such behaviour, but the 

crinkling of the pages being 

turned is loud enough to wake the 

dead. Can you please, please do 

something to reduce that crackle. 

I remember the kids used to have 

cloth books they could take into 

the bath. Maybe you could 

experiment along those lines?

Enmore, New South Wales, 

Australia

For the record 

● The DOI reference for the article in 

Proceedings of the National Academy of 

Sciences mentioned in our short report 

on increasing storm frequency in the US 

(  8 December, p 18 ) should have been 

10.1073/pnas.0705494104.

● The bishop who calculated the 

date of the Creation spelled his name 

Ussher (  24 November, p 57 ).
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Letters to the Editor, New Scientist, 
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Fax: +44 (0) 20 7611 1280
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and a reference (issue, page number, title) to articles. 
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Enigma
Nativity places
No. 1474 Keith Austin

MISS AMBER is holding the dress rehearsal 

for the school Nativity play. The choir has 81 

children, consisting of 9 each of angels, barn 

owls, chickens, dogs, ewes, farmhands, 

goats, horses and innkeepers. She marked 

out a 9×9 grid on the stage and some of the 

children are already in the grid (right).

Surprisingly, Miss Amber was able to add 

the other children to the grid, making sure 

each row, column and 3×3 box contains all 

the 9 characters. Send in the 3×3 box in the 

bottom left-hand corner of the finished grid.

£15 will go to the sender of the first correct 

answer opened on 30 January. The Editor’s 

decision is final. Send entries to Enigma 

1474, New Scientist, 84 Theobald’s Road, 

London WC1X 8NS, or to enigma@

newscientist.com (include your postal 

address). The winner of Enigma 1468 is 

Michael Bracewell of Aberdeen, UK.

Answer to 1468  Paving the way 
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 ●AS CHRISTMAS DAY draws near, parents 

across the world set the stage for the 

arrival of Santa Claus. It is a time-honoured 

cultural conspiracy that most of us grew up 

with; a tradition that makes Christmas a magical 

time for youngsters. But is it really just harmless 

fun? Is it right to systematically deceive 

children, only to shatter the illusion later?

The deception may have been around for 

centuries, but these days it goes far beyond 

simple storytelling. There are still letters to 

Santa and visits to his grotto, but now kids can 

fly to Lapland for a private session with Santa, 

receive emails and personalised video messages 

from Santa’s workshop, and use the internet 

to track his progress around the globe. Yet 

even as the Santa myth grows ever stronger, 

many modern parents are growing uncertain, 

says Dale McGowan, a “critical thinking” 

educator based in Atlanta, Georgia.

Tom Flynn, editor of the secular humanist 

magazine Free Inquiry, believes it is unfair to 

trick children with stories of a magical gift-

giver, reinforced by “evidence”, such as empty 

glasses of milk and half-eaten mince pies by 

the Christmas tree. “Adults often stage 

elaborate deceptions, laying traps for the 

children’s developing intellect,” Flynn says. 

Worse, parents may threaten youngsters with 

Santa’s wrath if they misbehave, or punish 

them if they share their suspicions with their 

siblings. “It encourages lazy parenting and 

promotes unhealthy fear,” he says.

To top it all, Flynn reckons the myth makes 

children more acquisitive and selfish and he 

cites a study of children’s letters to Santa, 

which were filled with demands for material 

things. The only good thing, he concludes, is 

that unmasking Santa might help to inoculate 

kids against supernatural beliefs. In his best-

seller, The God Delusion, Richard Dawkins 

makes a similar point. “Natural selection 

builds child brains with a tendency to believe 

whatever their parents tell them,” he writes. 

Children should “toss God aside at about the 

same age that they toss Santa Claus aside”.

The difference is, of course, that even 

children of religious parents are meant to 

figure out that Santa isn’t real. So how should 

parents go about coming clean without 

scarring their offspring for life? “This 

culturally pervasive myth is designed with an 

expiration date,” says McGowan, who edited a 

new self-help guide, Parenting Beyond Belief. 

When children start to ask questions about 

Santa, parents should encourage them to air 

their doubts and reason it out for themselves. 

McGowan isn’t convinced that uncovering 

the lie does children any harm. “My son was 

relieved when he’d worked it out – the world 

made sense again.”

In fact, while children may seem gullible, 

they actually have a better grip on the 

distinction between fantasy and reality 

than most people realise, says psychologist 

Jacqueline Woolley of the University of Texas, 

The Santa 
delusion 
Is it harmless fantasy or cruel deception?
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Austin. “We found that from the age of 

4 children use many of the same cues adults 

use to distinguish fantasy from reality.”

So if children are so smart, why do they 

believe in Santa Claus, almost universally, 

from the age of 3 until they are 7 or 8? Woolley 

believes it’s because the adults they count on 

to provide reliable information about the world 

introduce them to Santa. Then friends, books, 

TV and movies shore up that belief, along with 

the “hard evidence” planted by their parents.

Only when the adults stop reinforcing the 

story does it crumble, she says. “Children do a 

great job of scientifically evaluating Santa, and 

adults do a great job of duping them,” she says. 

“As we gradually withdraw our support for the 

myth, and children piece together the truth, 

their view of Santa aligns with ours,” she 

argues. “Perhaps it is this kinship with the 

adult world that prevents children from 

feeling anger over having been misled.”

Reassuringly, most children seem to cope 

with their disillusionment remarkably well, 

and may even experience a sense of 

achievement at having worked it out for 

themselves. It is the parents who feel sad 

when the truth is out, says Carl Anderson, 

an educational psychologist also at the 

University of Texas, Austin, who interviewed 

52 children who no longer believed in Santa 

Claus. In his study, “parental encouragement 

for the child to believe was very strong, but 

children generally discovered the truth on 

their own at the age of 7”.

It’s when parents continue the deception 

for too long that trouble looms. “Children may 

be more ready to give up the Santa myth than 

their parents are,” says Bruce Henderson, a 

child psychologist at Western Carolina 

University in Cullowhee, North Carolina. 

“Let the child provide the cues,” he says.

Some researchers believe that this festive 

skulduggery could actually benefit children. 

“Maintaining nice fantasies is part of a long 

tradition, part of growing up,” says Pat 

Doorbar, an independent child psychologist 

based in north Wales. “I don’t think it is 

lying; it’s making up a very pleasant story to 

help children enjoy an experience.”

Belief in Santa can also be beneficial 

in helping children develop a healthy 

imagination, argues Cindy Dell Clark, a 

cultural psychologist at Penn State University 

at Brandywine. She has studied chronically ill 

children and finds that they use their capacity 

to suspend disbelief as a means of coping.

John Kremer, reader in psychology at 

Queen’s University Belfast in the UK, agrees. 

“Santa Claus is part of the mythology of 

childhood, which is full of white lies,” he says, 

and Santa may have a useful social role to play. 

Kremer cites the work of the American 

psychologist George Homans, who argued 

decades ago that all social relationships are 

based on reciprocity and the balancing of 

rewards and cost. This is starkly revealed at 

Christmas, says Kremer. Each gift must be 

carefully matched in value with another, 

each card must be met with a card, or you 

risk embarrassment or worse. “Children find 

themselves in this intricate web of exchange 

without the necessary social skills, nor indeed 

the resources, to become active participants.”

Santa is the perfect solution. “Because 

Santa gives presents to children but expects 

nothing in return, he protects them from the 

minefield of social exchange known as 

Christmas,” Kremer says. “This allows children 

to learn the ropes of gift-giving, without 

having to play an active role.”

Of course, it is probably no coincidence 

that the Santa myth – what Kremer calls “this 

unique secular product of western 

capitalism” – lends itself so neatly to 

materialism. Believing in a nice man who 

brings you expensive gifts is a neat introduction 

to the materialistic culture you will grow into. 

This, Kremer says, explains “the massive 

popularity of the story of Santa Claus, and the 

perplexing question as to why we should 

encourage those in our care to believe, often 

despite whispered misgivings”.

It may seem depressing to start children on 

the road to materialism at such a tender age, 

but consider the alternative. You could resist 

the tide of commercialism and limit Santa’s 

gifts to the traditional orange and sweets in a 

stocking. Trouble is, it may not bring you 

much in the way of peace and goodwill.  ●

Gail Vines is a science writer who has her stocking 
ready and waiting for Santa

Mummy, how come Santa can’t fit up the chimney? 
And why is he wearing Daddy’s best boots? 
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Burn-proof billy
The tale of a town, its firebugs, a straw goat and its saviour

 ●LATE in the evening on 3 December 2005, 

police in the Swedish city of Gävle, 170 

kilometres north of Stockholm, were called to 

the scene of an assault. They were responding 

to reports that two miscreants, Santa Claus and 

his accomplice, the gingerbread man, were 

shooting flaming arrows at a giant straw goat. 

The police probably sighed as they sped to the 

scene: apart from the cheery outfits, this kind 

of thing had become depressingly familiar. 

Straw goats are the Scandinavian 

equivalent of Santa’s reindeer. During the 

festive season families, and even whole towns, 

vie with each other to erect the most 

impressive ornamental yule goat, or 

julbocken. But the tradition has been taken to 

extremes in Gävle. Every December since 

1966, the locals have erected a 3-tonne 

monster stretching about 13 metres from 

hooves to horns. It began as a marketing stunt 

dreamed up by the local advertising executive 

Stig Gavlén, to attract customers to the town’s 

shops. Gävle now holds the record for the 

world’s largest yule goat. But this fame comes 

at a price: the giant goat has become an 

irresistible target for arsonists.

The Gävle Goat Committee – the team 

responsible for its funding and construction – 

have not taken such attacks lying down. These 

days, the goat is protected by cameras, 

security guards, dogs and sometimes soldiers. 

Forming such defences, however, simply 

seems to have added spice to the challenge for 

would-be fire-starters: the goat has been 

incinerated seven times in the last decade 

alone. Inevitably, this makes for a desperate 

scramble to build a new one in time for 

The Gävle goat holds the world record for the largest 
yule goat. But its success has made it a target PE
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Christmas, at a cost of more than €10,000.

This year, however, the committee should 

sleep easier during the holiday period. While 

the goat-cams remain vigilant and the police 

and security guards certainly help, the Gävle 

goat committee owe their peace of mind this 

winter to a man called Freddy Klaffmo, and 

the Soviet space programme.

Klaffmo is the director of Fiberprotector, a 

Stockholm-based company specialising in 

chemicals for preserving and protecting 

textiles. In September 2006, he called the 

committee and told them of a sure-fire way to 

save their goat’s hide – a flame retardant called 

Noflan. Unfortunately, they had heard it all 

before: attempts to fireproof the goat began 

in the 1970s and had always failed. 

“We were very sceptical,” recalls Anna 

Östman, communications manager for the 

city council and spokesperson for the goat 

committee.  Klaffmo even tried to drum up 

enthusiasm at the fire department that 

regularly tackled Gävle’s blazing billies. Again, 

he got short shrift: “They said ‘if there’s even a 

little flame, the goat is gone’,” says Klaffmo. 

“Nobody believed you could protect 3 tonnes 

of dry straw. It burns like hell. Besides, the goat 

is vertical so a small flame in the leg spreads 

very quickly. Three minutes and it is burned up.”

Klaffmo soon realised that only hard 

evidence would convince the committee. So 

he retired to his workshop and began building 

miniature straw goats. He soaked each one 

with a different concentration of flame 

retardant and let them dry, then doused them 

with gasoline and set them alight. After a few 

weeks of testing, he was confident enough to 

contact the committee again. He arranged to 

light up his Noflan-soaked mini-goat before 

their very eyes. His reputation was on the line.

The committee were as sceptical as ever – 

until the smoke cleared. “When the gasoline 

had burned off, it was still a goat,” Klaffmo says. 

They immediately agreed to give his idea a try.

Noflan had already proved itself elsewhere. 

Created in a collaboration between the 

Moscow State Textile University and the 

Semenov Institute of Chemical Physics in 

Moscow in the 1980s, it was developed to 

protect the fabric used inside Soviet spacecraft. 

Noflan was eventually commercialised and 

licensed to Firestop Chemicals in the late 

1990s. According to Mick Gallagher, the 

company’s head of sales, Noflan is now used to 

treat fabric and carpets in trains, buses and 

aircraft, including the new Airbus A380.

Noflan uses the combustion process itself 

to create a fireproof layer around a material. 

In the centre of each Noflan molecule is a 

phosphorus atom. As the surface of, say, a 

Noflan-infused carpet begins to burn, the 

phosphorus helps to convert the burning 

material into a char made up of cross-linked 

polymer chains – a thin but tough layer 

resembling the blackened crust on a burnt 

pie. At the same time, nitrogen and 

hydroxide-containing groups in the flame 

retardant react during combustion with 

oxygen, and the burning material, releasing 

carbon dioxide and water vapour. This 

produces small bubbles or voids in the char, 

turning it into a swollen layer – a kind of 

carbonised foam. “Voids help create a thermal 

barrier and this stops combustible material 

feeding into the flame,” says Galina Dudareva 

of Firestop. With the flame isolated from its 

fuel, the fire snuffs out.

Yet Noflan, like a number of other fire 

retardants, has a particular weakness when 

used outdoors: it is water soluble. “If it rains, 

it washes out,” Klaffmo admits. This is why 

previous attempts to use fire retardants on the 

goat had failed. Heavy rain or sleet simply 

washed the chemicals away. But Klaffmo had a 

secret weapon: he applied a second treatment 

could see they had tried – but nothing more.” 

Klaffmo says he had overlooked the ribbon 

and had forgotten to treat it. With a 

replacement ribbon and a touch-up with fresh 

straw, the goat was like new and survived 

through Christmas with no further attacks.

The coating lasts at least three years before 

a reapplication is needed, Klaffmo says. “It 

could rain every day and there’s no problem.” 

So far, so good. But what if the goat’s new 

coat simply spurs would-be goat burners to 

more extreme actions? “That’s the risk, of 

course,” says Östman. “I’m sure they could 

find something else to damage the goat.” 

Its assailants have certainly been 

resourceful in the past. Santa Claus and the 

gingerbread man, for instance, managed to 

hide from the goat-cams just long enough to 

destroy the goat with their flaming arrows. 

“We had cameras watching the goat but they 

knew exactly what area the cameras were 

covering, so they stood just beyond it. The 

No more arson? The goat 
now has a fireproof coat JI
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only thing we could see on the film was the 

arrows,” Östman says. In other years the goat 

has been smashed into by a car, dragged into 

the river, kicked apart and had its legs sawn 

off. Klaffmo’s cocktail would be useless 

against this kind of ruminant ruination. “I 

don’t want to think about it,” says Östman.

December has always been a stressful time 

for the goat committee. “We used to wake on a 

morning, wondering whether something had 

happened,” says Östman. “Sometimes the 

local newspaper would phone at 3 am, telling 

us the goat was on fire.” Östman admits she 

will sneak regular peeks at the goat-cam every 

day over the festive season, but the committee 

has a reason to feel it has outsmarted Santa, 

the gingerbread man and all their nefarious 

chums. “They’ve been trying it for such a long 

time,” she says. “Now it’s our turn.”  ●

Ben Crystall always suspected that Santa has a 
darker side

to the city’s goat, a fluoropolymer similar to 

Teflon that he believed would hold the Noflan 

fast, whatever the weather.

A few months later, on 15 December 2006, 

Gävle’s newly coated goat got its first real test, 

just in time for its 40th birthday. Late in the 

evening, a mystery assailant doused one of the 

goat’s front legs with petrol and set it alight.

In the morning, the damage was revealed. 

A red sash around the goat’s knee had been 

completely destroyed, but miraculously the 

foreleg itself, though blackened, had survived. 

“Usually when they do that they burn down 

the whole goat,” says Östman. “This time you 

“We had cameras watching 
the goat, but the only 
thing we could see on the 
film was flaming arrows”



methylxanthine in chocolate. Rats metabolise 

it much more slowly than humans, and dogs 

are slower still. There are no reliable figures 

for theobromine toxicity in humans, but 

based on caffeine toxicity an average adult 

would have to gorge on around 50 kilograms 

of milk chocolate in a single sitting to get 

anywhere near a lethal dose.

The observation that methylxanthines are 

highly toxic to animals, with dogs being 

especially vulnerable, prompted John 

Johnston, a chemist at the US Department of 

Agriculture in Fort Collins, Colorado, to 

investigate chocolate as a more selective way 

of controlling coyotes (  Journal of Agricultural 

and Food Chemistry, vol 53, p 4069 ).

Coyotes are a serious pest in the US, killing 

$44 million worth of livestock each year, 

damaging property and attacking people and 

pets. Measures such as fences are often 

ineffective. Sometimes culling them is the 

only option but unfortunately the poisons 

now used, such as sodium cyanide, are toxic to 

humans and most other animals too. “If we 

can come up with something that is more 

selective, it offers an advantage,” says 

Johnston. “It’s a more responsible approach.”

poison themselves. Besides being arguably 

the world’s smartest birds, keas are 

extraordinarily inquisitive foragers, using 

their beaks to rip open tents and backpacks, 

open garbage bins and even pry pieces off cars 

in their quest for food. “They’ll try anything 

that is vaguely edible, which is part of the 

reason they get into trouble,” says Gartrell.

Pigged out
The dead kea was found outside a hotel 

kitchen in the holiday resort of Mount Cook 

Village in the Southern Alps. It had eaten more 

than 20 grams of dark chocolate, presumably 

pilfered from the kitchen garbage (  New 

Zealand Veterinary Journal, vol 55, p 149 ). “He’d 

really pigged out,” says Gartrell. The ill-fated 

kea was by no means alone in its folly. 

Veterinary journals are peppered with stories 

of dogs, cats, parrots, foxes, badgers and other 

animals dropping dead after finding chocolate 

or being fed it by well-meaning humans.

The reason humans don’t turn up their 

toes after bingeing on chocolate is largely 

down to the speed at which our bodies 

metabolise theobromine, the most abundant 

 ●IT WAS a sorry end. Cut down in his 

prime, the cunning thief lay on the slab, 

his cold body offering pathologist Brett 

Gartrell no outward sign of how he had met his 

maker. Once Gartrell had wielded his scalpel, 

however, the cause became clear: a belly 

stuffed with sticky brown gunk. Diagnosis? 

Death by chocolate.

Divine – yes. Delicious – absolutely. But 

deadly? For some it certainly is. The corpse on 

Gartrell’s slab belonged not to a human but to 

a kea, an endangered New Zealand parrot. Like 

many animals, keas are acutely sensitive to 

chemicals in chocolate that are harmless to 

humans in all but huge doses. Scientists are 

now studying these chemicals, along with 

other substances in cocoa, hoping to exploit 

their toxic effects to control pests or microbes.

If you’re reading this after scoffing your 

fifteenth chocolate Santa, don’t panic: we 

humans have been safely enjoying the beans 

of the cacao plant, Theobroma cacao, for 

millennia. Theobroma is Greek for “food of 

the gods”, reflecting the Mayan belief that 

cocoa had divine origins. Every April, they 

sacrificed a dog with cacao-coloured markings 

in honour of Ek Chuah, the god of cacao.

Knife-wielding priests aside, chocolate is 

still bad news for many animals. Cocoa beans 

are naturally rich in caffeine and its chemical 

relatives theobromine and theophylline, 

collectively called methylxanthines. To 

humans these are little more than benign 

stimulants, but to a number of animals 

they are highly toxic. Just 240 grams of 

unsweetened dark chocolate contains enough 

methylxanthines to kill a 40-kilogram dog, 

about the size of a German shepherd.

It was methylxanthines that did for the kea 

too. Gartrell, a wildlife pathologist at Massey 

University in Palmerston North, New Zealand, 

is wearily familiar with keas’ propensity to 
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Could a love of chocolate ever amount to a fatal attraction?



such as those used in slug pellets. “There’s a 

huge amount of interest in using botanical 

extracts,” he says. “People are more 

comfortable with things that are natural.”

The methylxanthines are just a start. 

“Cocoa is a real gold mine of different 

components,” says Herwig Bernaert, research 

manager at Barry Callebaut, a chocolate 

manufacturer in Zurich, Switzerland. Cocoa 

contains more than 700 compounds and 

there is a great deal of research on which of 

these can affect people or other creatures.

Some of these compounds, such as the 

flavonoids, have commanded a lot of 

attention for their apparent health benefits, 

but researchers are also keen to exploit 

chocolate’s more sinister side. 

Some studies suggest cocoa extracts can 

prevent Helicobacter pylori, the bacterium 

that causes stomach ulcers, from setting up 

shop in the lining of the gut. Others suggest 

that the extracts block the growth of disease-

causing strains of the gut bacterium E. coli.

Compounds isolated from chocolate could 

even be used to prevent tooth decay. Phil 

Marsh, a microbiologist at the Leeds Dental 

Institute in the UK, reported last year that a 

cocoa extract rich in polyphenols discouraged 

mouth bacteria from sticking to teeth and 

forming plaque. It also reduced the tooth-

rotting powers of the bacterium Streptococcus 

mutans by reducing its ability to produce acid 

(  European Journal of Oral Sciences, vol 114, 

p 343 ). But if you think that means it’s time to 

ditch the toothpaste and reach for that jumbo 

jar of chocolate spread instead, forget it. 

There’s far too little of these polyphenols in 

chocolate to outweigh the damage that will be 

done by all the sugar it contains. “There are 

many other compounds in a chocolate bar 

that would overwhelm any benefit of the 

polyphenol,” Marsh warns.

As manufacturers fall over themselves to 

advertise chocolate’s health-boosting potential, 

there’s a wry satisfaction to be had in knowing 

that its sinister side is being put to good use 

too. While this may be good news for us, just 

make sure your furry or feathered friends 

can’t get their sticky paws or claws on it.  ●

Claire Ainsworth will be testing her own tolerance to 
theobromine over the coming weeks 
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Methylxanthines looked as though they 

might fit the bill. After testing the toxicity of 

several different types of chocolate, Johnson 

came up with a mixture of theobromine and 

caffeine that killed coyotes quickly and with 

minimal distress. The mixture can be hidden 

in bait and is currently undergoing field tests.

Methylxanthines are also shaping up as a 

way to dispatch other pests. Earl Campbell of 

the US Pacific Basin Agricultural Research 

Center in Hilo, Hawaii, discovered that 

caffeine sprays could kill two species of noisy 

and ecologically damaging Caribbean tree 

frogs that have plagued the island since they 

were accidentally introduced in the 1980s. 

Campbell noticed that the spray also   killed 

slugs . His colleague Robert Hollingsworth 

then found that caffeine spray made snails 

kick the bucket too (  Nature, vol 417, p 915 ). 

Hollingsworth is now developing caffeine as 

an alternative to conventional pesticides, 

“The dead kea had eaten 
more than 20 grams of 
dark chocolate, pilfered 
from the kitchen garbage”
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They look precarious, but 
mathematics proves these 
structures are stable

 ●YOUR festive dinner is nearly at an end 

and just when you think you’re about to 

burst, out come the after-dinner mints. Instead 

of dicing with indigestion this year, why not 

try a spot of practical mathematics? Your 

challenge is to build a stack of mints on the 

edge of a table and see how far you can make 

the pile jut out without toppling. If you have 

already guzzled the mints, try it with dominoes 

or building blocks instead. 

OK, it’s hardly an extreme sport but you’ll 

be amazed at what is possible. Just ask computer 

scientist   Mike Paterson at the University of 

Warwick  in the UK. Earlier this year, he and his 

colleagues demolished a long-standing result 

in mathematics that relates how far the 

overhang can extend with a given number of 

blocks – and demonstrated some extraordinary 

structures on the way. It’s great news for anyone 

wanting to impress friends and family, or 

trying to arrange an unfeasibly large number 

of presents under the Christmas tree. 

The   overhang puzzle  has been doing the 

rounds in engineering and mathematical 

circles since the mid-19th century. Most people 

have tended to focus their attention on the 

simplest stacks, in which the blocks are simply 

piled one on top of the other, with each block 

sticking out slightly further than the one below. 

To achieve the maximum overhang, each 

block is placed as far out as is possible without 

it toppling off or being unbalanced by those 

above it. It turns out that to do this, the top 

block has to poke out from the one below by 

a half its length, the second by a quarter, the 

third by a sixth, and so on, with the nth 

Extreme   
overhang
With a simple pile of 
bricks you can work an 
engineering wonder
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from the top overhanging the one below 

by 1/2n. The number of block lengths by which 

the nth block overhangs the table edge can 

thus be written as 1/2 × (1 + 1/2 + 1/3+… 1/n). This 

so-called harmonic sum is nearly equal to the 

natural logarithm of n (written ln n), so the 

overhang is approximately 1/2 ln n.

Amazingly, you don’t need glue or cement 

to build a free-standing tower with an overhang 

as big as you like, which is probably why the 

result has become established in mathematical 

lore. You’d better have plenty of bricks, though: 

for the overhang to extend out the length of 

five bricks, you’d need more than 22,000 blocks.

So what happens if you get a bit more 

adventurous, and try counterbalancing your 

teetering tower by using more than one block 

per layer? The few mathematicians who dared 

to explore these possibilities faced a brick 

wall. “People looked at the problem with four 

and five blocks and thought that was complex 

enough,” says Paterson. “Beyond that most 

people would give up and just say it’s chaotic.” 

Enter Uri Zwick, a computer scientist at   Tel 

Aviv University  in Israel. “I’d been familiar 

with the problem since I was a schoolboy,” 

says Paterson. “Then five years ago Uri 

brought it to my attention again. We spent 

many happy hours messing around with 

blocks. It’s a bit embarrassing because we are 

supposed to be computer scientists, and this is 

recreational maths.”

Working out how far a given number of 

bricks will get you if you are allowed to use 

some as a counterbalance was no picnic, 

however. Even with four blocks it requires 

some pretty fiddly maths to work out from 

first principles what the maximum overhang 

could be. The answer, Paterson and Zwick 

found, is to forget rigorous theoretical 

methods. Their experience with computer 

algorithms and programs inspired them to 

study the problem in terms of how the 

forces “flow” through the stack, rather than 

thinking of it as a static structure. For a given 
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Examples of a skintled 
(top), spinal (middle) and 
parabolic stack (bottom) 
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number of blocks, they looked at all the 

different possible arrangements and then 

used their programs to find the ones that 

produced the best overhangs.

Their numerical approach paid dividends. 

After three years working on the problem in 

their spare time, Paterson and Zwick smashed 

through the logarithm limit in a paper that 

showcased different kinds of stacks that race 

out far faster than the basic harmonic stack 

can manage (  www.arxiv.org/pdf/0710.2357 ).

Teetering towers
First off, they looked at “spinal stacks” – 

essentially harmonic stacks with a 

counterbalancing backbone of blocks riding 

piggyback (see Diagram, page 43). Starting 

with a program for optimising the overhangs 

for spinal stacks, they worked out what 

distribution of forces would give the best 

overhang, and used this to find out which 

arrangements of blocks supplied the necessary 

forces. With these in place, the stack gains the 

poise needed to enable a few adventurous 

blocks to teeter dramatically over the abyss. 

They showed that the maximum overhang is 

twice as large as in the harmonic case: in 

other words, with n blocks to play with, the 

overhang is ln n and those 22,000 blocks 

would jut out 10 blocks from the edge.

This was just the start, though. Paterson 

and Zwick then turned their attention to the 

“parabolic stack”, in which each layer of blocks 

is offset from the one below it by half a block, 

like bricks in the wall of a building. Unlike most 

brick walls, however, the bottom layer 

contains just one block: from there, the stack 

gradually widens, going up an increasing 

number of layers each time it ventures 

another block outwards (see Diagram left).

The big surprise here is the rate of widening, 

which Paterson and Zwick proved follows the 

cube root of n. This torpedoes the logarithm 

result and means you can achieve a large 

overhang using fewer bricks. For example, to 

build a tower with an overhang of 15 block 

lengths, it turns out you would need a mere 

17,200 blocks for a parabolic stack, compared 

to 1.2 million for a spinal stack and over 

5000 billion for a harmonic stack.

When they announced their findings last 

year at the   Symposium on Discrete Algorithms  

conference in Miami, Florida, the news was a 

surprise hit. “It turned out to be the most 

popular session of the conference,” says 

Paterson. “The lecture room was overflowing.” 

The pair have also been building incredible 

structures called loaded stacks. These contain 

what are known as “point masses” at key 

locations – essentially weights of zero size. It 

might sound like a practical impossibility, but 

if you imagine the blocks are Christmas parcels, 

just think of a point mass as adding the odd 

lead fishing weight at strategic points inside 

this or that parcel. 

Assuming Santa took this unusual approach, 

what sort of overhangs could he get on his 

sleigh? Adding only a modest number of point 

masses to their stacks, Paterson and Zwick 

demonstrated two astonishing possibilities, 

one shaped like a vase and the other like an oil 

lamp with a long tapered end (see Diagram 

above). To cap it all, with the help of three 

collaborators they have now shown that the 

fastest rate at which the overhang can increase 

is as the cube root of the number of blocks 

(  www.arxiv.org/pdf/0707.0093 ).

The researchers have one last tip for 

competitive stackers looking to go that extra 

millimetre with their after-dinner mints: 

skintling. All you do is angle all your blocks so 

that their diagonals are perpendicular to the 

edge of the table (see Photograph: left, top). 

Since the diagonal is longer than the edge, 

you’ll gain a small advantage, and create an 

attractive pattern into the bargain.

So what are you waiting for? Sit back 

and skintle.  ●

Ben Longstaff is buried under a pile of bricks
Further reading: Uri Zwick’s presentation at the Discrete 
Algebra Symposium in Miami is at www.cs.tau.ac.il/~zwick/
slides/overhang.pps 
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“The overhang puzzle is 
established mathematical 
lore. The new finding 
torpedoes that result”
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Some like it hot
… but food this fiery needs a health warning

● AT THE Quaker Steak & Lube in Erie, 

Pennsylvania, a man sits down for an 

unusual and dangerous meal. He signs a half-

page legal document releasing the restaurant 

from any liability. A crowd gathers around the 

diner and a waitress places a small carton 

before him. In it sits a brown chicken wing 

drenched in sauce – an Atomic Wing. Before he 

even takes a bite, the man’s eyes start to water, 

and he turns his head away to breathe. Turning 

back, he grabs the wing and rips off half of it 

with his teeth. Beads of sweat pop out on his 

flushed forehead. The ordeal has begun. 

I’ve witnessed this scene several times, and 

the effect is always the same. I have even eaten 

an Atomic Wing, though I wouldn’t advise it – 

it’s so spicy that it hurts. So why do it? 

There’s the sheer bravado, of course, and 

the lure of a certain kind of fame. If you eat 10 

Atomic Wings, your name is posted forever at 

the restaurant. And if you can take the heat, 

there may be health benefits that go beyond 

clearing the sinuses and releasing endorphins. 

The findings are far from clear-cut, but there is 

tentative evidence that eating hot food might 

ward off cancer and other deadly diseases.

Inspired by the heroics at the Quaker Steak 

& Lube, I resolved to go one better. I would 

track down the Bhut Jolokia or “ghost chilli”, 

recently crowned the world’s hottest pepper, 

and see if it’s all that. Its current home is New 

Mexico State University’s Chile Pepper 

Institute in Las Cruces, which has been 

growing, testing and selling chillies for more 

than 100 years. “Chilli is part of our culture,” 

says Paul Bosland, head of the institute. “It 

permeates the entire state.” 

Chilli peppers were domesticated more 

than 6000 years ago in what is now Latin 

America. In the 15th century Christopher 

Columbus sailed in search of peppercorns, but 

found chillies instead. Later the Portuguese 

took them to Asia, where they spread like 

wildfire. Now they are indispensable 

ingredients in any respectable kitchen.

The key to their heat is capsaicin, a 

compound found only in chilli peppers. It can 

be synthesised, but the best way to get it is by 

extracting it from chillies. Pure capsaicin is 

colourless, odourless and tasteless. It is the 

main ingredient in pepper spray. It also has 

well-established health benefits: millions of 

people rub capsaicin-based creams onto their 

skin to alleviate arthritis and muscle pain.

Capsaicin is most often encountered in 

spicy food. The compound tricks the body into 

thinking it’s hot when it’s not: when capsaicin 

encounters nerve cells that detect heat and 

pain it triggers an inflammatory response, 

releasing neurotransmitters that lead to pain 

and swelling. The more capsaicin, the more 

neurotransmitter is  released.

So how did the world’s hottest chilli get to 

Las Cruces? In 2000, reports arrived from the 

Assam region of north-east India suggesting 

that the Indian Defence Research Laboratory 

in Tezpur had found a chilli with a rating of 

855,000 Scoville heat units – the arcane scale 

by which such things are measured. That put 

it ahead of the reigning champion Red Savina 

Habanero, which rated a mere 577,000 (see 

Chart). No samples were available for testing, 

however, and the matter remained in doubt.

The following year, Bosland travelled to 

India and tracked down some seeds to a local 

market. Back at his lab in New Mexico, it took 

several seasons for Bosland to breed enough 

chillies for testing. His efforts were rewarded 

last February when he   announced  the official 

notification from Guinness World Records 

that he had the world’s hottest chilli – coming 

in at a staggering 1,001,304 Scoville units.

What good is such a scorching chilli? Some 

researchers think high doses of capsaicin 

might help treat cancer. In April 2007, a team 

from the University of Pittsburgh Cancer 

Institute in Pennsylvania reported that they 

had grafted human pancreatic cancer cells 

into mice and injected them with capsaicin. 

The amount was equivalent to a person eating 

one spicy Indian meal per day. After three to 

five days of treatment per week, the tumours 

on the capsaicin-treated mice were about half 

the size of the tumours on the control mice.

The researchers found that capsaicin 

induced cell death, or apoptosis, in cancer cells 

through a variety of mechanisms. Levels of 

Bax, a protein that triggers apoptosis, were 

higher in the mice treated with capsaicin. 

While the cancer cells died, normal human 

cells were unaffected. The key lies in the 

mitochondria, says lead researcher Sanjay 

Srivastava, now at Texas Tech University in 
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Lubbock. When increased levels of Bax move 

into the mitochondria of cancerous cells, the 

membrane wall around the mitochondrion 

weakens, releasing a protein that  is soon 

followed by cell death. Srivastava hopes to 

begin clinical trials within five years.

Meanwhile, a team from the University of 

California, Los Angeles, tested mice with 

prostate cancer. When they were given large 

doses of capsaicin – equivalent to a human 

eating 10 habanero peppers three times a 

week – 80 per cent of the cancer cells died, and 

the remaining tumours were about one-fifth 

the size of those of the untreated mice (  Cancer 

Research, vol 66, p 3222 ). “It wouldn’t be 

surprising to see an effect overnight,” says 

lead researcher Phillip Koeffler, director of 

haematology and oncology at Cedars-Sinai 

Medical Center in Los Angeles.

Don’t spice up your food too much  just yet, 

though: it could do you more harm than good. 

Studies in the 1990s were inconclusive as to 

whether eating large amounts of peppers 

caused stomach cancer or helped to prevent it. 

What’s more, capsaicin can worsen heartburn 

and abdominal pain. Although there are no 

known cases of chilli-induced deaths, the 

concentration of capsaicin in commercially 

available sauces can be extreme, and some 

people may suffer allergic reactions. “It’s only 

a matter of time before someone dies from 

eating these incredibly hot sauces,” says Dave 

DeWitt, author of 31 books on chilli peppers.

So why breed ridiculously spicy chillies? 

“Why do people climb Everest?” says Bosland. 

“Because we can.” To get a really spicy pepper, 

he says, you have to stress the plant – deprive 

it of water, grow it in extreme heat, bring it to 

the brink of death – and then pick it. What 

doesn’t kill a chilli makes it more potent.

And while a chilli won’t kill me, it can make 

me feel like I’m about to die. Bosland kindly 

delivered me a dozen dried samples of Bhut 

Jolokia. They looked like elongated sun-dried 

tomatoes: red, shrivelled and desiccated. They 

didn’t burn to the touch or have a strong 

scent. This was the moment of truth: I started 

by biting off one-third of a pepper. It tasted 

like rice paper at first, crunchy but with a 

slight chewiness. A few seconds later I felt it 

burning and promptly swallowed. 

Big mistake. Immediately the back of my 

throat caught fire. I opened my mouth to 

breathe, and it was like blowing oxygen onto 

hot coals. I breathed through my nose but 

couldn’t get enough air. As I paced the room, 

gasping fiery breaths, my eyes watered, 

pressure built behind my ears, and my 

adrenalin level rose. Speaking for more than 

a few seconds was impossible. Soon I was 

alternating ice cream and ice water to soothe 

my burning throat. It took a good 15 minutes 

for the worst of the effects to pass, leaving me 

light-headed and a little weak, as if I had just 

sprinted a lap around a track.

Eating the Bhut Jolokia was as painful as 

advertised, but I rather enjoyed the short-lived 

high. I can’t vouch for any health effects just 

yet. But I might have another one soon…  ●

Eric Bland is busy preparing a special holiday feast
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 ●SHORTLY after 9 o’clock on a Sunday 

morning in January 2007, Raymond 

Rodriguez was in his driveway, changing a tyre 

on his car. Parked close by in the quiet cul-de-

sac in Tampa, Florida, was a cherry red Ford 

Mustang. It belonged to Andre Javage, who had 

come to visit the night before. Out of nowhere, 

Rodriguez heard a high-pitched whistling. 

Then a 13-kilogram chunk of ice landed smack 

on the roof of Javage’s Ford. The windshield 

blew out and the car bounced, Rodriguez said, 

a metre into the air. The roof was squashed flat.

Rodriguez lives under the flight path to 

Tampa international airport. So when he and 

Javage got over the shock, they figured the ice 

bomb had fallen from an aircraft. But incident 

investigator Fred Kaiser of the Federal 

Aviation Administration wasn’t so sure. Ice 

does fall from aircraft, but it usually comes 

from a damaged toilet drain tube, and it’s blue 

because of the chemicals added to the waste 

tank to deodorise and break down solid waste.

Usually this blue ice has melted before it 

hits the ground. Any chunks that survive are 

usually only large enough to crack roof tiles, 

and sometimes the briefest check will confirm 

their origin. One resident of north Kensington 

in London reported a nappy (diaper) encased 

in blue ice sailing onto their balcony.

The ice that totalled Javage’s Mustang, 

however, was white, pure and huge. “I’ve never 

seen that big a piece of ice fall off an airplane,” 

Kaiser said as he began his investigation. But 

Kaiser has discovered that falls of large masses 

of white ice, though rare, are not as 

uncommon as he first thought. In the space of 

a week in April 2006, there were two such falls 

in California. The second involved a chunk of 

ice the size of a microwave oven that dropped 

from a cloudless sky, punching a hole 

75 centimetres wide through the metal roof of 

a recreation centre in Loma Linda.

Jesús Martínez-Frías, a planetary geologist 

at the Centre for Astrobiology in Madrid, 
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below!

What makes hailstones the size of 
basketballs fall from a clear blue sky?



Spain, has dubbed these prodigious lumps of 

falling ice megacryometeors. His interest was 

piqued in January 2000 when a football-sized 

chunk smashed though the windshield of a 

car in south-east Spain, heralding a week of 

unusual falls.

Martínez-Frías and his team quickly 

dismissed plumbing in planes as the source. 

Not only was the ice not contaminated, but 

there were no reports of any aircraft over the 

locations where two of the ice balls fell. A hoax 

perhaps? While a few bogus ice balls did show 

up in Spain after the initial flurry, Martínez-

Frías was able to discount them by analysing 

their chemical and isotopic composition, 

which also told him the megacryometeors 

were not comet fragments from outer space. 

These ice balls were made of Spanish rainwater, 

pure and simple. Mostly, Martínez-Frías 

concluded, they resembled giant hailstones. 

In a    paper in the Journal of Atmospheric 

Chemistry , Martínez-Frías and his co-authors 

argued that the megacryometeors must have 

formed from atmospheric water vapour. After 

all, they had the same layering, air bubbles 

and silica particles (common in the 

atmosphere) as those found in conventional 

hailstones. There was just one problem, which 

has made many meteorologists sceptical of 

Martínez-Frías’s ideas. Many of the 50-plus 

megacryometeors Martínez-Frías has 

catalogued, including the ones which 

bombarded south-east Spain, fell out of a clear 

blue sky, and regular hail just does not do that. 

No storm required
Hail forms inside the cumulonimbus clouds 

of a thunderstorm, where supercooled water 

droplets freeze around condensation nuclei 

such as dust particles or ice crystals. Strong 

updrafts repeatedly drive the hailstones up 

through the clouds, and ice collects around 

them like the layers of an onion. And though 

conventional hailstones can grow to lethal 

size – in 2002, a hailstorm in China left 25 

dead – the largest hailstones don’t come much 

bigger than a baseball, altogether much 

smaller than the basketball-sized chunk that 

crushed Javage’s Mustang. And even that was 

pea-sized compared to specimens found in 

Brazil and Spain, which weighed in at 

hundreds of kilos. It would be hard to miss the 

kind of thunderclouds that might produce 

such monsters, if such clouds existed.

So how could gigantic hailstones form on a 

clear day? Conditions over south-east Spain in 

early January 2000 were certainly anomalous. 

Three days before the first megacryometeors 

hit, ozone levels in the lower stratosphere, 

between 10 and 50 kilometres above ground, 

were substantially below normal, allowing 

more radiation than usual to pass through 

Megacryometeors have 
the same structure as big 
hailstones such as this 
one, yet grow larger
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has collaborated with Martínez-Frías, leans 

towards. “The theory that they are forming on 

their own in the atmosphere just doesn’t 

make physical sense,” says Travis. He points 

out that only a thunderstorm can provide the 

huge vertical thrusts needed for hailstones to 

form. “For megacryometeors to form there is a 

need for equal or greater vertical motion, and 

we don’t understand how this could occur 

anywhere outside of thunderstorms.”

Travis agrees that unique atmospheric 

conditions coincide with some falls, and that 

this points to enhanced turbulence in the 

atmospheric layer where Martínez-Frías says 

the megacryometeors form. But he is not 

convinced that these conditions are extreme 

enough to create huge masses of ice. “The fact 

that most events happen in winter [and] early 

spring suggests there is a seasonality to their 

occurrence, which could support either 

theory,” he says. That time of year, he notes, is 

when aircraft most often have icing problems. 

However, Travis struggles with the aircraft 

theory too. “It’s quite hard to find a place on 

an aircraft that could support such a large 

build-up of ice,” he says. But what about ice in 

a protected spot, such as a plane’s wheel well?

Initially Kaiser speculated that an aircraft 

taking off somewhere snowy might 

accumulate ice on a wheel. As the wheel-well 

doors open for landing, the ice might fall out. 

But he remained unconvinced. After take-off 

aircraft wheels are braked as they retract, and  

this creates a lot of heat. Kaiser believed this 

would melt any ice brought up into the wheel 

wells. What’s more, Martínez-Frías has 

documented a few megacryometeors that fell 

before the age of aviation. 

Kaiser’s latest theory for the ice block that 

wrecked Javage’s Mustang suggests it came 

from a faulty water heater leaking from one of 

15 aircraft in the vicinity of Tampa at the time. 

Unfortunately, none of those aircraft reported 

a problem with a water heater, leaving him 

stuck. “Unless a ‘suspect’ aircraft [reported] a 

heater failure, it will be impossible to discover 

an actual cause,” he admits. 

Whatever the cause, the fact remains that 

large chunks of pure ice are falling from a clear 

sky and nobody is sure where they are coming 

from. Even with blue ice, it is rare for 

investigators to be able to connect incidents 

with particular aircraft. Among 52 cases of 

large ice lumps falling on the UK in the last 

two years, just one has had its origin 

identified – a faulty toilet – by the Civil 

Aviation Authority. “It’s just a matter of time 

before someone gets hit on the head with one 

of these things,” says Travis, “and then it will 

finally generate some serious attention.”  ●

Ed Douglas already drives a dented car. 
He blames his wife. 

turbulent – ideal for producing huge ice balls. 

However, when Martínez-Frías mooted his 

ideas on how a megacryometeor might form 

without a thunderstorm, meteorologists 

weren’t impressed. Among them was hail 

expert Charles Knight at the University 

Corporation for Atmospheric Research in 

Boulder, Colorado. “I don’t like to claim that 

anything is absolutely impossible,” he said in 

2002, “but this comes awfully close.” The 

intervening years haven’t changed his 

opinion: “Growth of ice in that environment 

to mega sizes would probably take weeks, 

if not months or years,” he says. “Meanwhile, 

of course, the ice would be falling.”

Knight still believes the most likely 

explanation is that ice is falling off aircraft. 

It’s a view David Travis, a climatologist at the 

University of Wisconsin at Whitewater, who 

to the troposphere below. With less radiation 

being absorbed in the lower stratosphere, it 

became cooler. Furthermore, satellite data 

showed that the boundary between the 

troposphere and stratosphere, known as the 

tropopause, dropped by 2.5 kilometres over 

Spain in the days before the strikes. 

The consequence, says Martínez-Frías, was 

strong wind shear at high altitude. Though no 

clouds formed, the lower stratosphere and 

tropopause were unusually moist, according 

to a study by meteorologist Millán Millán of 

the Mediterranean Centre for Environmental 

Studies in Valencia, Spain. Martínez-Frías 

speculates that in these conditions charged 

ions, possibly released in the contrails of 

cruising jet aircraft that had flown by 

sometime earlier, could have acted as seeds 

for the formation of ice crystals. Once formed, 

they could have been kept aloft by the 

unusually turbulent wind conditions until a 

handful had grown to massive sizes.

The number of megacryometeors reported 

has mushroomed in the last few decades, and 

Martínez-Frías says this may be due to climate 

change. Global warming might be making the 

tropopause colder, moister and more 
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“Large chunks of pure ice 
are falling from a clear sky 
and nobody is sure where 
they are coming from ”

Intense storms can create 
huge hailstones like these 
(below). Can clear skies 
create even larger ones?G
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Things not going too 
well this holiday…?
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Expletive 
deleted

 ●“FIDDLESTICKS!” exclaimed Father 

Christmas as he overshot the chimney 

and landed in a cabbage patch. He could have 

said fiddle-de-dee, foo, fudge or any of a dozen 

or so decorous corruptions of the f-word. Santa 

has to avoid bad language because of the 

children, but for the rest of us the choice of  

words we can use to vent our frustration when 

things go wrong is nothing short of dazzling.

Swearing “recruits our expressive faculties 

to the fullest”, writes Harvard psychologist 

Steven Pinker in his new book, The Stuff of 

Thought. Yet despite being a showcase for 

creativity, swear words are taboo in virtually 

all societies, even though their subject 

matter – usually sex or excretion – describes 

activities fundamental to human existence. 

So why are we such potty-mouths, and what 

gives certain words the power to shock?

One theory is that cussing is the form of 

language that comes closest to a physical act 

of aggression. When you swear at someone, 

you are forcing an unpleasant thought on 

them and, lacking earlids, they are helpless to 

repel this assault. “It’s a substitute for physical 

violence,” says Timothy Jay, a psychologist at 

the Massachusetts College of Liberal Arts in 

North Adams. “From an evolutionary point of 

view, it’s an advantage for us to be able to say 

‘fuck you’ from across the street,” while not 

having to worry about getting instantly 

punched or kicked by the disgruntled recipient.

The idea that swearing packs an emotional 

punch is supported by neurobiological 
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investigations that show it to have a powerful 

effect on the brain’s emotional centre, the 

limbic system (see “Mind your language”). 

Most of us are able to restrain ourselves from 

launching these linguistic assaults – at least 

some of the time – but studies of people who 

lack this restraint are revealing. 

Individuals with Tourette’s syndrome have 

characteristic tics such as blinks and throat-

clearing, and between 10 and 20 per cent also 

exhibit involuntary swearing, otherwise 

known as coprolalia. Diana Van Lancker Sidtis, 

a neurolinguist and speech pathologist at New 

York University, says that coprolalia can be 

regarded as a kind of vocal limbic tic. People 

with Tourette’s have damage to a part of the 

brain called the basal ganglia – clusters of 

neurons buried deep in the front half of the 

brain that are known to inhibit inappropriate 

behaviour. Without the basal ganglia to keep 

it in check, the limbic system is free to produce 

uncontrollable swearing, she says.

As Pinker sees it, the basal ganglia are 

responsible for tagging certain thoughts 

as taboo. When the “don’t-go-there” label 

is no longer applied, as with Tourette’s, taboo 

thoughts can reassert themselves and the urge 

to cuss becomes overwhelming. There is even 

one recorded case of a man with Tourette’s 

who was deaf from birth and expressed his 

coprolalia through sign language. In 2000, 

doctors at London’s National Hospital for 

Neurology and Neurosurgery reported that 

his swearing was randomly interspersed 

within his signed speech, just as it is in other 
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Bad language is intrinsically different to 

other language. The strongest evidence 

for this comes from instances of stroke 

patients whose brain damage has left 

them unable to speak but who retain 

the ability to swear. A particularly sad 

case was the 19th-century French poet 

Charles Baudelaire, who suffered a 

stroke at the age of 45. According to 

cognitive neuroscientist Sebastian 

Dieguez of the Swiss Federal Institute of 

Technology in Lausanne, who studied 

Baudelaire’s case this year, the only 

vaguely meaningful sound the great 

poet uttered from then on was Cré 

nom!, short for Sacré nom de Dieu! 

(something like “goddamn”), an 

expletive that so offended the nuns 

who were looking after him that they 

banished him from their hospital and 

called in a priest to perform an exorcism 

(Frontiers of Neurology and 

Neuroscience, vol 22, p 121).

Baudelaire’s stroke damaged the 

left hemisphere of his brain, a feature 

common to all foul-mouthed but 

otherwise speechless stroke patients. 

This has prompted neurologists to 

speculate that swear words are stored 

in the brain’s right hemisphere. In fact, 

they suspect that all formulaic 

expressions, including other taboo 

words, prayers and song lyrics, reside 

in the right, while propositional 

language – in which words are 

combined according to grammatical 

rules – is stored in the left.

That’s not all, though. Unlike 

most language, which is produced 

and processed in the cortex, the most 

recently evolved outer layer of the 

human brain, swearing involves the 

more ancient emotional network, 

the limbic system. Brain scans reveal 

that when people hear expletives, 

a structure that forms part of this 

system, known as the amygdala, is 

activated almost instantly. Intriguingly, 

when you stimulate the limbic system 

of a macaque monkey, it produces 

emotional vocalisations, a finding 

that has led Diana Van Lancker Sidtis at 

New York University to argue that these 

angry grunts and shrieks share 

neurological underpinnings with 

human profanity. “An emotional 

impulse can structure a vocalisation 

with a large amount of energy and 

intensity, and in humans that is used 

communicatively,” she says. While 

monkeys appear to shriek, humans 

channel that energy through words. 

Mind your language

BR
ET

T 
RY

DE
R



people with coprolalia. What’s more, rather 

than flipping the finger or making other 

obscene gestures that hearing people deploy, 

he used the recognised signs for rude words 

(Movement Disorders, vol 15, p 318).

Tourette’s aside, many people fear that 

bad language is on the increase. Most studies 

of the subject have found that men swear 

more than women. But a   new survey  by Mike 

Thelwall at the University of Wolverhampton 

in the UK now suggests that, among young 

British users of the social networking website 

MySpace, strong swear words are used by 

males and females about equally – and a lot. 

“Where once the only swear words young 

people wrote might have been furtively 

scribbled on the walls of public toilets, now 

they type them casually onto a computer 

screen,” says Thelwall. “And there, they 

never run out of space.”

Don’t wear it out
Over the past three decades Jay has recorded 

10,000 people swearing spontaneously in 

public. Though it is difficult to assess overall 

levels of bad language, he thinks that women 

and possibly children are swearing more than 

they used to, and that profanity has become 

common in various situations where it was 

once rare, especially recreational ones. Jay 

believes the widespread use of expletives 

reflects another important function of 

swearing: to promote social bonding. Whether 

swearing is perceived as aggressive or as a 

social e ntrée depends on the context, he 

notes. “In the locker room, the guy who 

doesn’t swear is the weirdo.”

Jay’s survey reveals that “fuck” and “shit” 

between them account for about half of all 

swearing in the US. In 2006, a contestant on 

the UK’s Big Brother TV show used the f-word 

88 times in 20 minutes (all were bleeped out), 

leading some pundits to lament that modern 

society was in danger of wearing it out. Their 

concern is misplaced, says Jay. He believes that 

the über swear words retain their power because 

their usage is constantly changing as they are 

adopted by new kinds  of users and as we 

create new domains in which to express them.

Linguist Tony McEnery at the University of 

Lancaster in the UK, author of Swearing in 

English, says that the sheer versatility of the 

f-word should guarantee it enduring appeal. 

Usually used to express a strong negative 

emotion, it can also be used positively or 

ironically, as in “fucking marvellous”, or to 

give emphasis, as in “abso-fucking-lutely”, a 

construction whose ingenuity places it in a 

linguistic category all its own.

“As long as we have institutions like the mass 

media and the government that forbid us to 
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say these things in public, they’re going to 

retain their power,” Jay says. Yet the taboo 

nature of expletives also means that many of 

us are afraid to explore the full lexicon, which 

is why Jay and others turned to people with 

coprolalia to plumb the depths of foul language. 

“Tourette’s unleashes the most socially 

inappropriate words in a language,” says Jay. 

It is thanks to this work that we know that 

languages as far apart as Japanese and Danish 

have  swear words denoting faeces, the female 

genitals and incestuous sexual relations. It has 

also turned up some surprising items in the 

obscenity canon, such as the Italian rognoso 

(scabby) and the German verfaulte Knochen 

(rotten bones).

By poring over this rich library of filth, 

researchers have been able to get a handle on 

just what makes a good swear word. It is not 

just its sound, says McEnery: after all, “shot”, 

“ship” and “spit” are not considered obscene, 

whereas “shit” is. Besides, the German and 

French equivalents sound quite different and 

still pack a very satisfactory punch. It cannot 

just be about semantic content either, because 

the use of words denoting faeces or sexual 

matters in a medical context remains 

acceptable. “Something about the pairing of 

certain meanings and sounds has a potent 

effect on people’s emotions,” Pinker says.

Swear words also go in and out of fashion 

in line with the taboos they breach. “‘Damn’ 

was the undisputed king before ‘fuck’ arrived 

on the scene,” says McEnery, but lost its 

piquancy as the fear of burning in hell faded. 

“Poxy”, “leprous”, “canker” and other disease-

related words went the same way as hygiene 

improved. From the 19th century on, English-

speakers have mostly vented their frustration 

by reference to two different classes of taboo: 

the sexual and the scatological.

Today the f-word reigns supreme, but there 

is still room for innovation. So, what will be 

the next big thing in swearing? Most experts 

decline to predict any winners. “Paedophile” 

seems to be an especially offensive thing 

to call someone today, says McEnery, and 

therefore a good candidate, but there is no 

evidence it is gaining ground as a swear word. 

“Something is missing with that word,” he 

says. Pinker says the word “cancer”, while not 

yet obscene, is acquiring taboo characteristics – 

note how it is often referred to as “The Big C”.

Jay has road-tested a few contenders of his 

own. He once muttered “Expletive!” on a golf 

course, and got some strange looks. You can’t 

impose swear words on a language, he notes, 

they arise organically. So if you’re tempted to 

cry “Basting hell!” when you ruin the festive 

turkey, fine. Just don’t expect it to catch on.   ●

Laura Spinney is a writer based in London and Paris, 
who can swear imaginatively in two languages 

“One man with Tourette’s 
who was deaf from birth 
swore spontaneously 
through sign language”



The trouble with rockets
ROCKET science has a deserved reputation for being 

tough, so it should be no surprise that things can 

get a little bumpy when designing and testing a 

launcher. Just ask Elon Musk, the millionaire founder 

of PayPal and rocket company SpaceX.

His first   rocket, Falcon 1 , was scheduled to 

lift off from the Pacific atoll Kwajalein in November 

2005, at which point the problems began. First, 

unplanned engine tests used up more liquid oxygen 

(LOX) fuel than expected, then the LOX generator 

broke down. A shipment of fuel was ordered from 

Hawaii, but the tanker sprang a leak and arrived only 

one-fifth full. There was just enough to launch, but a 

valve was left open during the final preparations 

allowing more fuel to waste away, so the launch had 

to be cancelled.

A fresh shipment of LOX arrived a month later 

but disaster struck again. High winds hit the atoll, 

and to be on the safe side, engineers decided to drain 

the fuel from the rocket. A faulty pressure valve 

caused a vacuum to form inside the main fuel tank, 

sucking in its soft sides like a crushed beer can.

After three months of repairs, by March 2006 

Falcon 1 was ready to go. Seconds after launch, 

however, the main engine sprang a fuel leak, 

leaving a trail of flame in the rocket’s wake as it 

spiralled off course and crashed within sight of the 

disappointed engineers. An investigation pinpointed 

the cause: a corroded fuel-line nut was to blame.

A year later, with the rocket rebuilt from 

scratch, Falcon 1 finally took off without a hitch. 

It managed 5 minutes of smooth flight. But a bump 

as the first and second stages separated confused a 

control system, causing it to enter an uncontrolled 

roll, which triggered a premature shutdown of the 

second-stage boosters. Falcon 1 did reach space, 

but not with the velocity needed to secure orbit.

Its next outing is scheduled for January 2008, 

when it will carry the cremated remains of 125 people, 

including actor James Doohan – Star Trek’s Scotty. 

Let’s hope he gets a fitting send-off.Memory scramble
THEY say ballooning is the least stressful way 

to fly. Indeed, a balloon seemed the perfect 

platform from which the $10 million   BLAST 

telescope , funded by NASA, the Canadian 

Space Agency and the UK’s Particle Physics 

and Astronomy Research Council, could take 

far-infrared snaps of star formations.

For 12 days running up to 2 January 2007, 

it collected valuable data as it floated 40 

kilometres above Antarctica. As it descended, 

the gondola released the huge balloon and 

deployed its landing chutes as planned. But 

the electronics that should have released the 

parachutes on touchdown failed. Antarctic 

winds inflated them like giant spinnakers, 

turning the cargo into a wind-powered sled. 

“It was moving as fast as I could run,” 

recalls project leader Mark Devlin, who 

was following the fate of the 180-kilogram 
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The D’oh! 
of tech
Every researcher knows the best plans 
can go horribly pear-shaped. Just think of the 
ill-fated   Beagle 2 spacecraft  that went missing on its way down 
to the surface of Mars just four years ago. What exactly went wrong 
is still unclear, but a mechanical fault with the landing parachute is 
the chief suspect. And remember the   Mars Climate Orbiter , which 
smacked into the Red Planet’s surface when it was meant to 
maintain an orbit of 140 kilometres? It turned out that the main 
contractor, Lockheed Martin, had used imperial rather than metric 
units as specified by NASA in the design of its navigation system. 
Not all such accidents make headlines, however, so we’ve rounded 
up five of the most shocking, surprising or downright silly that may 
have slipped under your radar. 

telescope and its support computers from his 

home in the US. “It was absolutely sickening.” 

The support plane could only watch as the 

gondola bounced across the ice, strewing 

pieces of equipment as it went. It finally came 

to rest 24 hours later, when it wedged in a 

crevasse 200 kilometres from its landing site. 

Devlin was emailed a picture of the scene, 

which he scrutinised for any sign of the hard 

drives bearing the only copy of the mission’s 

data. “NASA paints everything white,” he says, 

so his search was initially in vain. Fortunately, 

a pilot tracking the furrow gouged by the 

gondola spotted the package. The damaged 

drives eventually yielded their irreplaceable 

data, but the telescope was a write-off. Devlin 

is now fund-raising for a similar mission, with 

tougher electronics and one other change: 

“I’m thinking fluorescent orange,” he muses. TH
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Goodbye yellow submarine
THE   SUBMARINE Autosub 2 ’s mission 

might sound simple enough: film the 

rich diversity of species living under the 

permanent ice of the Antarctic. Yet exploring 

15 kilometres under the Fimbulisen ice 

shelf had to be done autonomously, so the 

7-metre sub’s creators at Southampton 

University, UK, installed an artificially 

intelligent guidance system. 

In 2003, Autosub 2 was sent on its 

maiden voyage under sea ice and completed 

the test mission successfully. Repeat 

missions in 2004 boosted the researchers’ 

confidence and so they prepared for the big 

one: to explore under the permanent ice. 

The next year they went for it.

All looked good until five hours after 

launch. The £1.5 million yellow submarine 

called home using an acoustic distress beacon. 

A matter of perspective
IT’S REASSURING to know that an engineering screw-up 

doesn’t always get you into trouble. It can sometimes 

even dig you out of it, as astronomers found out at the 

  Canada-France-Hawaii telescope on Mauna Kea, Hawaii .

In early 2003, researchers began observing the 

skies using the telescope, equipped with a new digital 

camera – the biggest in the world at the time. The 

CFHT was fitted with four precision lenses so the 

camera could capture crisp images of vast areas of sky.

The results were disappointing. The images 

were sharp in the centre, but far more blurred than 

expected at the sides. Various tests failed to find 

a problem, much less a solution, so astronomers 

pressed ahead with a five-year survey using the 

camera, until May 2004, when a steering committee 

Back to the future
IN FEBRUARY 2007, 12   F-22 Raptors , the US 

air force’s new stealth fighters, left Hickam 

Air Force Base in Hawaii, bound for Okinawa, 

Japan, on the high-tech planes’ first overseas 

outing. Things went smoothly until they 

reached the 180th meridian – otherwise 

known as the International Date Line. 

Some  of the pilots suddenly found 

themselves without any navigation aids. 

With nothing to tell them their compass 

heading or even whether they were level or 

not, it was as if the pilots had been 

instantaneously transported from the cockpit 

of the world’s most advanced aircraft into one 

dating from the first world war. 

Fortunately the skies were clear, so the 

squadron did an about-face and was able 

to follow its in-flight refuelling tankers 

back to Hickam.

The error was diagnosed as a problem 

with a “partial line of code” that had pitched 

the planes’ computers into an infinite loop of 

trying and failing to calculate their position 

while dealing with an unexpected date. A fix 

was issued, and three weeks later the planes 

made their trip to Japan without a hitch.

“Reliance on electronics has changed the 

flight-test process,” says Donald Shepperd, 

once head of the US Air National Guard. “It 

used to be tails falling off, now it’s typos that 

ground a fighter.”  ●

Tom Simonite and Hazel Muir are jaded hacks. 
They believe that if things can go wrong, they 
probably will
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Somehow it had lost its way, and had become 

wedged deep under the permanent ice.

Researchers on the support ship were 

stunned – there was nothing they could do to 

help it. “I remember it taking a while to believe 

the sub was gone,” says Miles Pebody, a robotics 

engineer who worked on Autosub 2. “It would 

have been great to send another vehicle under 

to find it – but it was too dangerous.”

The research ship returned for a final 

farewell five days later. Autosub 2 had not 

budged. It kept sending its distress call until 

its 5500 D-cell batteries went flat. 

Recovering the sub could reveal what went 

wrong, but its icy tomb makes that practically 

impossible. A report last year guessed that a 

hardware fault had probably cut the power, 

triggering a decision to surface prematurely, 

while the sub was still under the ice. 

said the image quality was jeopardising the project.

A laborious investigation followed, with engineers 

dismantling the optics and reassembling them daily, 

but finding no answer. Then one day, an engineer 

mistakenly replaced one of the four lenses back-to-

front. The images improved spectacularly.

“The next observations were just ‘Wow!’,” says 

Christian Veillet, the observatory’s director. “The image 

quality was just what it should have been.”

To this day, no one understands why the back-to-

front lens works so well, or why it didn’t work when 

it was oriented as planned. “That has been frustrating, 

but it would be a waste of resources to investigate, so 

we decided to just forget about it,” says Veillet. “Now 

the science that is coming out is exquisite.” 

Know of any other tech bloopers? Tell us about them at http://tinyurl.com/2uce2h
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Eau de bee

 ●IF YOUR partner drives you crazy by 

giving you the same old boring gifts 

every Christmas, spare a thought for the 

female orchid bee. Males only ever give them 

one thing – perfume. And although they go to 

a lot of trouble to make it themselves, some 

then go and add faeces to it. No wonder the 

females aren’t especially enamoured.

As bees go, the 200 or so species of orchid 

bee are a curious bunch: they are solitary and 

do not make honey. Instead, these brightly 

coloured insects spend their lives 

buzzing round the tropical forests 

of central and South America, 

searching for exotic orchids, 

which are the main source of 

the perfumes they blend.

Over his three to five-month 

lifespan, a male orchid bee will 

expend a huge amount of time and effort 

scouting for fragrances. When he finds a 

desirable scent, he smears a fatty substance 

onto the surface to extract the volatile oils – 

just like the enfleurage method once used by 

perfumers. Then he deposits the resulting 

mix in   special pouches  on his hind legs.

Over time the fragrances combine into 

what Thomas Eltz, an ecologist at the 

University of Düsseldorf in Germany, calls a 

“rich and sexy bouquet”. Aside from humans, 

orchid bees are the only animals known to 

blend fragrances into perfumes. The big 

question is, why do they do it? While their 

habit of scent collection was discovered in the 

1960s, it is only recently that biologists like 

Eltz have started to sniff out the reasons.

The importance of the perfumes is 

revealed by the extraordinary lengths the 

bees go to in collecting fragrances. Some 

species of bee visit more than 40 different 

types of orchid. “Orchids are rare,” says Eltz. 

“They’re at very low density and very 

scattered in the forests, so the bees must travel 

long distances. They spend a substantial 

Why do male orchid bees 
devote their lives to making 
exotic perfumes?
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portion of their energy and time on fragrance 

collection. This is their main job.” 

The orchids have evolved to exploit the 

bees’ needs, luring them in with ever more 

exotic perfumes. In return the orchids get 

pollinated: over 700 species depend entirely 

on the orchid bee for this service.

The bees are not entirely faithful to 

orchids, however. They also gather scents 

from other flowers, fruits, tree sap and resin. 

And, like expert perfumers, they will seek out 

more challenging fragrances – a hint of rotting 

wood, a dash of faeces – to add complexity and 

depth to their perfumes. “Faeces gives the 

bouquet a… er, prominent note,” says Eltz. 

“Sometimes they smell lemony, of menthol 

or eucalyptus, sometimes flowery. Sometimes 

they just smell shitty.”

The most likely explanation for all of this 

hard work, says Eltz, is sex. For bees of all 

types, odours are a crucial means of 

communication, especially during 

courtship. While honeybees and bumblebees 

produce their own pheromones, orchid bees 

do not. And the perfumes blended by male 

orchid bees seem to contain a set of key 

odours unique to each species, suggesting 

that the males use the collected fragrances 

to make their own “pheromones”.

However, the perfumes are probably far 

more than a simple “here I am” signal. They 

might also be an advertisement of fitness. 

After all, collecting a wide range of fragrances 

requires stamina, strength and ingenuity. The 

richer and more complex your bouquet, the 

more likely you are to possess good genes. Or 

so biologists suspect. Finding out for sure is 

proving remarkably difficult.

Aside from collecting fragrances, a male 

orchid bee’s favourite pastime is hanging out 

at his display site, on stems and branches in 

the forest understorey, performing stunts 

such as wing buzzes or hovers. These are 

clearly courtship displays, and so are the focus 

most frequent visitors to display sites are 

other males, who also tend to arrive from 

downwind. The purpose of these visits is not 

clear, Eltz says. Maybe they are checking out 

the competition, or lurking near a rival with 

superior perfume in the hope of tricking an 

incoming female into having sex.

Roubik goes further. While he believes 

that females are attracted by the perfume, 

he doesn’t think this is its prime purpose. 

He’s pretty sure that male orchid bees use 

their perfume to intimidate their rivals.

Waiting at a display site for sex may be 

tedious, but if you’re interested in fighting 

it’s much more fun. When one male visits 

another’s display site, the encounter often 

leads to a lengthy bout of ritualised “jousting” 

in which the males fly at each other 

repeatedly, or face off before both suddenly 

zoom upwards. The bouts go on until one of 

the bees buzzes off.

According to Roubik, such jousting is all 

about claiming prime display territory: a 

winning bee will use a site until he dies or 

loses it in a joust. Despite the fancy flying, 

Roubik suspects the ultimate arbiter of victory 

is smell. During jousts the bees often smear 

perfume on their wings, he says. They also 

grapple antennae-to-antennae, as if testing 

who has the richest bouquet. “It’s a great 

emblem of your achievements,” says Roubik.

Despite their progress, Roubik and Eltz 

admit that we are only just beginning to 

unravel the mystery of the perfume-making 

bees. Of the hundreds of species out there, 

only 15 or so have been studied in any detail, 

and the composition of their perfumes varies 

greatly. Who knows what exotic and sexy 

fragrances remain to be discovered in the 

depths of the South American jungle – and 

what total stinkers, too.  ●

Graham Lawton’s wife will yet again be getting 
perfume this Christmas
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of efforts to understand what the perfume 

is for. The problem is that matings are rare.

“You can stand at the display sites for 

weeks and weeks and not see a single one,” 

says Eltz. Until 2003, only six matings had 

ever been recorded in nature. The last of those, 

seen on Barro Colorado Island in the Panama 

Canal in 1991 by David Stern of Princeton 

University, took five months of observation.

Perfume wars
In 2003, Eltz and David Roubik of the 

Smithsonian Tropical Research Institute in 

Balboa, Panama, decided it was time to get 

to the bottom of orchid bee sex. They caught 

eight males of the species Euglossa hemichlora 

near Panama City and put them into a large 

container with 30 virgin females. Over the 

course of 11 days, they observed six 

copulations. All encounters were initiated by 

females approaching a displaying male and 

landing on his perch (  Physiological 

Entomology, vol 28, p 251 ).

High-speed video revealed that during 

their courtship displays, males perform 

intricate leg movements that transfer the 

contents of their leg pouches onto a comb-like 

structure on the base of their wings. Wing 

beats then waft the scent about.

Things got even better. Roubik later spent 

40 hours watching display sites in Panama. 

His reward was to see two natural copulations. 

Both times, he says, the female approached 

the male “directly and rapidly” from 

downwind, suggesting she was drawn by 

his perfume (  Behavioural Ecology and 

Sociobiology, vol 60, p 883 ). This does suggest 

that male bees create their perfumes 

primarily to advertise themselves to females, 

says Eltz. “There’s no direct proof yet, but 

there’s lots of circumstantial evidence.”

The case is not closed, however. Bee 

perfume doesn’t only attract females: the 

A hint of rotting wood 
or a dash of faeces add 
to his perfume’s allure



 ●LAY-ee-odl-lay-ee-odl-lay-hee-hoo. Forget 

sleigh bells ringing and carol singing, if 

there’s one sound that epitomises the festive 

season it’s Julie Andrews in The Sound of Music 

yodelling her heart out on our TV screens.

OK, so yodelling may not be the most 

sophisticated of singing styles, but neither is it 

the easiest to achieve. What’s more, despite a 

few brave researchers’ efforts to discover how 

its distinctive sounds are produced, the detailed 

mechanics remain something of a mystery.

Though yodelling is most often associated 

with the Alps, and we get the word itself from 

German,  its roots appear to lie well away from 

Europe. In the 13th century, Marco Polo 

discovered that Tibetan monks routinely used 

a form of yodelling to communicate over long 

distances. Soon after his return to Europe, 

German and Swiss  mountain dwellers began 

yodelling to each other across alpine valleys. 

Later, immigrants from Europe took the style 

to the US, where it morphed into the slower 

and simpler yodels used by cowboys. 

In essence, yodelling involves nothing 

more complicated than singing a long note 

that undergoes repeated sharp shifts in pitch. 

As with all human vocalisation, it is the 
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product of the vocal tract, the most critical 

component of which is the larynx, or voice 

box. Attached to the trachea just behind the 

Adam’s apple, the larynx is made of various 

types of cartilage and a single bone called the 

hyoid. Together they provide a framework  for 

the vocal folds, flaps of mucous membrane 

attached to muscles either side of the larynx.

Sound is produced when air from the lungs 

flows through the trachea past the vocal folds 

and sets them vibrating at anything from 

 110 to 200 hertz. Contracting the muscles  

alters the shape, position and tension of the 

vocal folds, which in turn change the pitch of 

the resulting sound: the stiffer the vocal folds, 

the faster they vibrate and the higher the 

pitch they produce. 

Human voices have two distinct ranges in 

pitch that singers call the “head voice” and the 

“chest voice” depending on the part of the body 

in which the sound resonates most. There is a 

marked gap between these two ranges, which is 

noticed most in inexperienced singers. Opera 

singers are experts at smoothing over this 

break, while yodellers accentuate it, says Ingo 

Titze of the   National Center for Voice and 

Speech  at the University of Iowa.

Understanding the anatomy of our 

vocal apparatus is a start, but watching it 

in operation is more of a problem, because 

normal vocalisation relies on rapid movement 

of the parts of the larynx. Instead most 

researchers study the voice by measuring 

acoustic properties, such as its range of pitch 

and loudness . 

Titze, who is a classically trained singer as 

well as a physicist, uses a different approach. 

He made headlines in 1992 with Pavarobotti, 

a singing robot that he created to accompany 

him on stage. He created Pavarobotti’s voice 

using estimated measurements of the size of 

singer Luciano Pavarotti’s larynx, vocal folds 

and airway, which he plugged into a computer 

program that models the operation of the 

human vocal tract.

The vocal tract is essentially no different 

from any other musical instrument, Titze 

says. His research has shown that the vocal 

folds share the same two principal modes of 

vibration as a guitar. The sound you hear from 

a guitar comes not just from the vibrating 

string but also from the vibrations of the 

soundboard – the wooden sheet that forms 

the top of the instrument. In the first mode, 

What a duet 
for a girl and 
goatherd
There’s more to yodelling than meets the ear
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the soundboard vibrates in and out as a whole, 

whereas in the second the left and right halves 

vibrate out of phase, so that when one side is 

moving in the opposite side is moving out. 

Titze has found that vocal folds vibrate 

in these two modes  90 per cent of the time. 

Opera singers and yodellers rely on both 

vibrational modes to achieve their shifts in 

pitch, only yodellers shift back and forth more 

rapidly to emphasise the transition between 

the two voices rather than disguising them. 

While our vocal folds may have a certain 

amount in common with a guitar, the larynx is 

a rough sort of music maker. “Any instrument 

maker would reject this as an absolutely lousy 

instrument,” says Titze. The larynx is too 

small, too irregular in shape, and the 

mechanical properties of the vocal fold tissue 

are far inferior to the materials used in string, 

brass and woodwind instruments. What makes 

the difference is control exerted by the brain. 

Charles Larson at  Northwestern University 

in Evanston, Illinois, is particularly interested 

in studying how the human brain controls 

the muscles of the larynx. Conventional 

brain imaging techniques don’t work 

because they are not good at tracking signals 

that correspond to rapid movements. So 

Larson instead attaches electrodes to the 

larynx muscles to monitor their movements, 

and studies the signals he picks up for clues 

to the brain’s control processes.

While The Sound of Music’s lonely goatherd 

can yodel with abandon, what about his 

charges? Can goats and other animals yodel 

too? Bioacoustician   Tecumseh Fitch  of the 

University of St Andrews in the UK says it 

depends on how strictly you define the term. 

If yodelling is just a repeated sudden change 

in pitch “there are plenty of animals who do 

that”, he says, pointing to red deer and elk – 

although you might question their musicality. 

Then there are birds: the avian syrinx is more 

sophisticated than the human larynx and the 

most advanced songbirds – mockingbirds, the 

brown thrasher, or the mynah – have 

comparatively broad repertoires.

We humans do have one advantage, though. 

“Some birds sing and some birds shriek,” 

observes Titze, “but humans can choose to do 

both.” And we can yodel into the bargain.  ●

Jennifer Ouellette practises her yodelling in 
Los Angeles  
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Hundreds of thousands 
of fans flock to see 
yodeller Ito Keiko and 
Nikura Megumi in action

  Kerry Christensen  can lay claim to being 

one of the world’s most versatile 

yodellers. His repertoire of 1500 tunes 

includes Cajun yodelling as well as a 

 number in which he performs a series 

of rapid chromatic runs up and down 

the musical scale. He recalls one 

occasion a few years ago when he forgot 

the words to a tune mid-yodel and 

resorted to a trumpet-like sound in the 

style of Louis Armstrong to fill the gap. 

After that improvised performance, 

a member of the audience asked him if 

he could do the “mouth trumpet” and 

yodel at the same time. It’s a tall order, 

because the two sounds require very 

different techniques. For yodelling, the 

throat and lips must be relaxed and 

loose to achieve the rapid transitions 

between pitch, while Christensen’s 

“mouth trumpet” requires more 

tightness in the throat and a pinching 

of the lips. 

Eventually, after more than five 

hours of practice, he found a way to 

combine the two in a hybrid style he 

dubbed the “yodelumpet”. He may well 

be the only yodeller in the world to 

choose to sing this way.

Julie Andrews eat your heart out.  

The yodelumpeter

“While The Sound of Music’s 
lonely goatherd can yodel, 
what about his charges? 
Can goats yodel too?”



talkative than the women in general, 

although the difference was very slight 

(  Personality and Social Psychology Review, 

vol 11, p 328 ). “Basically, there’s no meaningful 

difference,” says Leaper.

So why have we so wholeheartedly bought 

the stereotype? “To a large extent, it’s probably 

sexism,” says Leaper. “It’s a way of disparaging 

women’s contributions. The implied 

assumption is that they’re talking, but what 

they say doesn’t matter.” He adds that it’s 

common to exaggerate gender differences 

to reinforce our group identities, hence the 

popularity of books like Men are from Mars, 

Women are from Venus.

It doesn’t help that the myth of the mouthy 

woman has been stated as fact in several 

books, not just Brizendine’s, and is often 

repeated in the media. Mark Liberman, a 

linguist at the University of Pennsylvania in 

Philadelphia, has been noting instances of 

what he calls the “sex-linked word-budget 

meme” on his Language Log blog. These put 

the daily male word quota at anywhere from 

Hundreds of students had worn digital 

devices that recorded 30 seconds of sound 

every 12.5 minutes. If women talked three 

times as much as men, they would have 

noticed, Mehl says. “We knew there just 

couldn’t be such a big difference.”

So his team analysed archived recordings 

of 210 women and 186 men. They estimate the 

women spoke on average 16,215 words per day 

while the men said 15,669 words – not a 

statistically significant difference, they 

reported in July (  Science, vol 317, p 82 ). “We 

were surprised that there was essentially no 

difference whatsoever,” says Mehl. “I suppose 

we were also susceptible to the stereotype, so 

we thought it would go slightly in favour of 

the women.”

Their conclusion, however, has plenty of 

support. Campbell Leaper and Melanie Ayres 

of the University of California, Santa Cruz, 

recently combined the results from more than 

60 earlier studies that measured talkativeness 

in adults of various ages. They reported in 

November that the men were actually more 

 ●IT’S probably one of the oldest gags 

in the book. A husband browsing 

through the newspaper finds an article saying 

that women use far more words than men. 

He gleefully points this out to his wife. “Listen 

to this – it says here that men use about 

15,000 words a day, but women use 30,000.”

“It’s because we have to repeat everything 

we say,” she replies.

“What?” says the man.

It’s a deeply ingrained perception – women 

talk more than men, right? But two recent 

studies have knocked this myth on the head. 

The first study was provoked by a 2006 book 

called The Female Brain, by neuropsychiatrist 

Louann Brizendine. The first edition claimed 

that a woman says about 20,000 words per 

day while a man utters only about 7000.

This sounded bizarre to Matthias Mehl, 

a psychologist at the University of Arizona 

in Tucson. His team had recorded college 

students’ everyday speech between 1998 and 

2004 as part of a project to understand the 

influence of talking on emotional health.
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Mega 
mouthy

Which sex just can’t stop talking?



2000 to 25,000 words and the female 

allowance between 7000 and 50,000. 

Needless to say, none cites scientific sources.

Liberman suspects that a marriage 

counsellor started the meme about 15 years 

ago as a parable that might help couples with 

communication problems, and others have 

parroted it ever since. Some books even 

elaborate with curious theories, such as Why 

Men Don’t Listen and Women Can’t Read Maps 

by Allan and Barbara Pease, which has sold 

more than 12 million copies worldwide:

 “Italian women are the top talkers 

speaking up to 6000-8000 words a day. They 

use an additional 2000-3000 vocal sounds to 

communicate, as well as 8000-10,000 

gestures, facial expressions, head movements 

and other body signals. This gives these 

women a daily average of more than 

20,000 communication ‘words’ to relate 

their messages. Western women speak up to 

80 per cent of that figure. That explains just 

why the British Medical Association recently 

reported that women are four times more 

likely to suffer with jaw problems.”

It seems we just can’t get enough of this 

stuff. The Peases followed up their lucrative 

bestseller with Why Men Don’t Have a Clue and 

Women Always Need More Shoes, which aims 

to answer such pressing questions as: “Why 

don’t women ever get to the point?”

Hogging the conversation
In a 2004 interview with CNN, Allan Pease 

explained why men are supposedly reticent at 

night. “Women can speak 20,000 to 24,000 

words a day versus a man’s top end of 7000 to 

10,000. And where this becomes apparent is 

at the early evening when you’re having 

dinner, because most men have done their 

10,000, right? She might still have 15,000 to 

go, and someone’s got to hear them.” This 

bizarre notion, that people wake up with a 

woman-sized or man-sized “word tank” that 

must be emptied by the end of the day, now 

seems to be spreading too.

Whatever the origins of the gabbling-

female stereotype, it seems we’re not all ready 

to give it up. After Mehl’s study was reported 

in the press, his email inbox filled up with 

complaints from irate men. “I was really 

surprised by the emotional reactions that 

I got,” says Mehl. Typical comments were: 

“What a bogus study – not only do women talk 

more than men, they use 10 times as many 

words to get a point across” and “This is 

horrible news – I hope my wife doesn’t read 

this, because I’ll never hear the last of it.”

While women do not talk more, there are 

some more subtle gender differences. As well 

as measuring overall talkativeness, Leaper and 

Ayres reviewed studies that took account of 

the context – what men and women were 

saying and who they were talking with.

While men talked slightly more than 

women in mixed groups, men and women 

were equally talkative in same-gender groups. 

Leaper puts that down to situational pressure. 

In mixed groups, status differences come into 

the picture and men may try to assert their 

dominance by hogging the conversation.

Other differences suggest we’re keen to 

adhere to social norms in same-sex groups. 

Groups of women tended to use more 

“affiliative speech” – language that 

demonstrates support, agreement or bonding. 

Male groups, on the other hand, were more 

likely to use assertive speech – giving 

instructions, for instance, or being critical.

And Mehl’s recordings prove that some 

good old-fashioned stereotypes are firmly 

rooted in fact. “Women tend to talk more 

about fashion and relationships, while men 

talk more about sport, entertainment and 

money,” he says. Women do spend more time 

on the phone. And men use about five or six 

times as many swear words as women.

What intrigues Mehl most of all, though, is 

not the differences between the sexes – which 

are typically trivial – but the astonishingly 

huge variation among people in general. “We 

have huge individual differences, which is 

fascinating,” he says. “In our study, the least 

talkative person talked 700 words a day and 

the most talkative person said 47,000 words.” 

That last is a staggering 50 words for every 

waking minute of the day.

And just for the record, the motormouths 

who won first, second and third prize were 

all – you guessed it – men.  ●

Hazel Muir is keeping her word count secret
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that women are four 
times more likely to 
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“I’d read in the literature about rigor mortis, 

tendons drying out and all, but it didn’t mesh 

with what I know from my experience as a vet. 

Dead bodies moving? That didn’t make sense.”

Marshall Faux also knew that diseased and 

dying animals often adopt the posture when 

they are barely alive, especially if they have 

been poisoned or hit by a car. To her that 

suggested opisthotonos was not caused by 

events after death, but was the hallmark of a 

dinosaur’s final agonised throes as it slipped 

towards dino heaven .

Don’t try this at home
She shared her thoughts with Jack Horner, 

curator of palaeontology at the museum. “He 

said ‘fine – show me’,” she recalls. “That’s where 

the experiments came from. I thought, well, if 

it’s caused by drying, let’s dry something. If it’s 

caused by drying tendons, let’s dry some 

tendons.” And if it’s caused by rigor mortis, 

why not take a look at rigor mortis. So she did.

Being a volunteer at the raptor centre came 

in handy – it’s an excellent place to observe 

freshly dead birds going into rigor mortis and 

out of it again. Marshall Faux tried several 

different species, including horned owls, red-

tailed hawks, kestrels and merlins. She would 

lay the still-warm birds on a table and make a 

note of their positions. A couple of hours later 

she would check them. “They’d be as solid as a 

rock, but they never moved.” Several hours 

later, once the rigor mortis had passed, she’d 

check them again. “Never once did they move 

from the position I put them in.”

Next, she tried desiccation. She allowed the 

carcasses of two red-tailed hawks to dry out to 

see if their withering muscles, tendons and 

ligaments contorted the limbs. After three 

months, both carcasses were “dry, solid and 

stiff”, but neither had moved a millimetre.

And so onto the beef tendons. To test 

whether drying tendons could cause a dead 

  archaeopteryx . It is also found in many well-

preserved dinosaur and pterosaur skeletons. 

Too many, in fact, to be a coincidence. This 

curious fact was first pointed out in 1927 by 

the great German geologist Johannes Weigelt 

in his classic book on   taphonomy , or the 

science of how organisms fossilise.

Weigelt himself thought the posture was 

caused by the contraction of tendons as the 

dead animal dried out, but his was by no 

means the only idea on the table. Other 

researchers have proposed a range of different 

causes: rigor mortis, dehydration in salt water, 

dying while asleep, being dragged into 

position by moving water and, of course, 

diving into mud and becoming stuck.

To Marshall Faux, none of these rang true. 

 ●AT THE Montana Raptor Conservation 

Center in Bozeman, dedicated staff and 

volunteers work hard to save the lives of injured 

birds of prey. The raptors arrive in various states 

of distress from all over the area, including 

Yellowstone National Park. Most have been 

hit by cars, electrocuted, poisoned or shot.

The centre does what it can, but sometimes 

the birds have to be put down. That’s a bitter-

sweet moment for Cynthia Marshall Faux, a 

volunteer veterinarian at the centre who also 

moonlights as a palaeontologist at the 

Museum of the Rockies on the other side of 

town. Marshall Faux has a special interest in 

recently deceased raptors: she needs them for 

her research on the death of dinosaurs.

Not their extinction, mind, but individual 

dinosaur deaths. Marshall Faux wants to know 

why dinosaur skeletons are so often found in 

a characteristic posture: head thrown back, 

hind limbs bent, tail extended. This seemingly 

simple question has troubled palaeontologists 

for more than a century and many ideas have 

been put forward, including “diving into mud 

and getting stuck”. But nobody knew for sure.

Until now. Thanks to a steady trickle of 

dead birds from the raptor centre, not to 

mention some fresh beef tendons and a few 

rancid quails, Marshall Faux and her colleague 

Kevin Padian of the University of California, 

Berkeley, think they have   the answer .

Birds, of course, are living dinosaurs 

and they make a good proxy for their long-

departed ancestors. The best-known example 

of the “dead dinosaur posture”, technically 

known as opisthotonos, is actually seen in 

a dead bird – a 150-million-year-old 
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Why are dinosaurs always found in the same position? 
There was only one way to find out…

Struthiomimus

The big sleep



animal to change its posture, she bought two  

fresh beef tendons from a supermarket. These 

she pinned to styrofoam sheets, one of them 

tautly, before burying them in silica gel to dry 

them out quickly. After nine days both 

tendons had lost more than half of their 

weight but neither had shrunk in length, and 

the pins remained stubbornly unmoved. If a 

drying tendon cannot even dislodge a small 

pin from a styrofoam sheet it’s hard to picture 

it moving a dead dinosaur’s head, she says. It 

was a similar story when she tried soaking 

tendons in ultra-salty water.

Still Marshall Faux wasn’t satisfied. To rule 

out salt water altogether she needed to test it 

on whole carcasses, so she bought three frozen 

quails, put them in buckets of salt water and 

left them in her garage. Nothing much 

happened. The quails steadfastly refused 

to sink, did not change their posture, and were 

still “fully flexible” by the time the buckets 

had accumulated what Marshall Faux 

describes as “excessive bacterial overgrowth” 

and had to be thrown out.

All in all, her experiments were a glorious 

failure. “None of the stuff worked,” she says. 

It was a good return for some serious personal 

inconvenience. “The tendons I had in the 

fridge. I used my garage for some of the 

smellier experiments. The dry stuff was 

just kind of hanging round the house.”

Just three contenders remained to be ruled 

out: dying while asleep, diving into mud and 

becoming stuck, and being dragged into 

position by moving water. These were not so 

easy to test, so Marshall Faux and Padian used 

their powers of deduction. They dismissed the 

first because no known animal sleeps in that 

posture. They dismissed the second on the 

grounds of implausibility. The third they 

decided was more credible, but pointed out 

that the death pose often involves the neck 

and limbs pointing in opposite directions, 

which is unlikely in fast-moving currents.

To Marshall Faux, this leaves only one 

possible explanation: death throes. Among 

veterinarians it’s well known that animals 

sometimes go into the opisthotonic posture 

shortly before they die as a result of a severe 

malfunction of the central nervous system. 

While Marshall Faux was at the raptor centre, 

birds that had died in the night were often 

found in this position in the morning, she says. 

Humans go into it too, when suffering from 

strychnine poisoning or meningitis, for 

example. Few recover. “The posture itself isn’t 

terminal, but it’s not a good sign,” she says.

It’s easy to see why palaeontologists barely 

considered death throes as an option: by 

definition they don’t spend much time 

around dying animals. Now Marshall Faux has 

pointed out their error, they may have some 

rethinking to do. Palaeoecology, the study of 

past environments, often draws inferences 

based on death positions, for example that the 

animals lived in a desert, or died in running 

water. If the death pose  isn’t caused by 

something that happens after death, perhaps 

much of this needs to be re-evaluated.

Marshall Faux says her ideas have been 

well received by dinosaur specialists, but she’s 

aware that her work isn’t the last word on the 

matter (Paleobiology, vol 33, p 201). “Some day 

somebody may dry a horse,” she says. “I didn’t 

take it that far. Dead horses are not easy to 

come by. But I’m very curious. I bet it wouldn’t 

move, but it would be fun to try.” Make a note 

not to go past her garage once that 

experiment gets under way.  ●

Graham Lawton will be carefully examining the 
posture of his turkey this year

It can’t be a coincidence 
that so many dead 
animals look like this
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 ●PITY the poor Christmas tree! Cut down 

as a mere youngster and taken away from 

family and friends to be dumped in stifling 

warmth, daubed with ridiculous baubles and 

left to a lonely, lingering death. OK, so maybe 

that’s pushing the anthropomorphism too 

far. Of course trees don’t feel sadness, 

indignity or pain, but neither should we think 

of them as dumb lumps of lignin and 

chlorophyll. It is becoming clear that plants 

have much richer social relationships than 

anyone imagined. Many are in contact with 

one another by direct line or mysterious 

underground signals. Others recognise and 

tolerate neighbours. Some are even generous 

and self-sacrificing towards their kin.

One of the foundations of any relationship 

Family 
trees
Forget the lonesome pine, 
it seems that plants have a 
social life after all

is communication. In the 1980s, when plant 

biologists first proposed the phenomenon of 

“talking trees”, it was controversial. Today 

everyone accepts that many plant species 

release volatile chemicals into the air when 

they are attacked by herbivores, and that these 

chemicals are detected by other plants, which 

then prepare for the threat. What’s still unclear  

is whether these interactions constitute two-

way communication. Plants may have no 

choice but to emit volatiles when their leaves 

are damaged, and once broadcast, the signals 

are undirected and available to anyone. So it is 

far from clear that these are messages 

intended to warn other plants. Recently, 

however, a more convincing form of plant 

communication has come to light.
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Some plants reproduce by throwing off 

plantlets and stay connected to these 

offspring with horizontal stems above or 

below ground. Strawberries form such 

networks, as do bracken, clover, buttercups, 

reeds and bamboo. “In temperate ecosystems, 

50 to 70 per cent of the herbaceous vegetation 

grows in this way,” says Josef Stuefer at 

Radboud University in Nijmegen, the 

Netherlands. “We have known for decades that 

network-forming plants exchange resources 

like water and carbohydrates.” He wanted to 

see if they share information too.

To test the idea, his group let a caterpillar 

feed on one part of a network of white clover 

for two days, then looked for a defensive 

response in plants some way down the line. 

The results were clear. “When there is damage 

elsewhere in the network, the chemistry of the 

leaves is quite dramatically changed,” Stuefer 

says. Leaves throughout the network become 

tougher and produce chemicals that make 

them distasteful to other caterpillars. He is in 

no doubt that this effect is in response to a 

signal. Although he does not yet know what 

form it takes, he does know that it travels in 

the phloem, the transport vessel that actively 

moves sugars and hormones around a plant. 

“If you block phloem transport, there is no 

effect on the network beyond the block,” he 

says (Evolutionary Ecology, DOI: 10.1007/

s10682-004-5148-2).

All the plants in a network are 

genetically identical, so in evolutionary 

terms there is a clear advantage to the sender 

of the message as well as the recipients. 

Channelling information around a network is 

really not much different to sending messages 

from one branch to another within the same 

plant. It would be far more impressive if 

plants could distinguish their relatives from 

other plants nearby and selectively help them 

out. Earlier this year, Susan Dudley at 

McMaster University in Ontario, Canada, 

published work indicating that at least one 

plant can do this.

Dudley had long thought that plants 

should have evolved to favour their relatives. 

“Plants can be so much more closely related to 

each other than most animals can,” she says. 

Unable to change their location and with 

fairly limited options for dispersing seeds, 

plants are often surrounded by offspring, 

siblings and half-siblings. In a family crowd 

like this, evolutionary theory tells us there is 

selection for cooperative behaviour, rather 

than for selfish individuals. However, to 

cooperate with your kin, you have first to be 

able to recognise them.

“People have started to show that the roots 

of plants respond differently to self and non-

self,” says Dudley, “so this seemed the perfect 

place to go looking for kin recognition.” 

Working with a small plant called sea rocket 

(Cakile edentula), which grows around the 

shores of the Great Lakes of North America, she 

found that when a group of unrelated plants 

shared a pot, they put more resources into 

growing roots than those sharing a pot with 

members of the same family (Biology Letters, 

DOI: 10.1098/rsbl.2007.0232). Plants gather 

water and nutrients through their roots, so 

Dudley’s results mean that in the presence of 

kin, the plants are competing less, allowing 

their siblings to have more of a share. In work 

not yet published, she has found the same 

result in two other plant species.

Friend or foe?
The discovery that plants can recognise 

family is a bombshell. “This is extremely 

surprising,” says Ariel Novoplansky of 

Ben-Gurion University of the Negev in Israel, 

whose own findings seem to contradict 

Dudley’s. His studies show that buffalo grass 

plants can recognise themselves, in that roots 

from the same plant grow less when in close 

proximity. However, when he took a cutting 

from one plant and grew it separately for a 

few days, then replanted it next to its parent, 

the genetically identical plants treated each 

other as aliens, their roots competing 

vigorously for the available nutrients. The 

longer the plants were separated, the more 

they competed when they met again. So 

these plants can’t tell who their relatives are 

(Proceedings of the National Academy of 

Sciences, DOI: 10.1073/pnas.0306604101).

One possible explanation for the 

discrepancy is that different plants have 

different recognition systems. In a third study 

published this year, Marina Semchenko of the 

University of Tartu in Estonia reported that 

strawberry root growth is unaffected by 

proximity to the roots of other strawberry 

plants – self, kin and non-kin alike – but the 

roots grow aggressively towards the roots of 

plants of other species. Ground ivy roots, by 

contrast, happily grow in close contact with 

others from the same plant but avoid growing 

near the roots of any other plants, whether of 

the same species or not (New Phytologist, 

DOI: 10.1111/j.1469-8137.2007.02211.x). It would 

appear that the ability to recognise self, 

neighbours and family varies from one 

species of plant to another – as do the 

resulting responses.

How these interactions between plants are 

mediated is anyone’s guess. “At the moment, 

we have no evidence as to what the signal 

could be,” says Semchenko. The findings 

imply that the messages pass secretly 

underground between roots, so Dudley 

suggests there might be a genetic tag on the 

roots, or chemicals oozing out into the soil. 

Novoplansky has another idea. In the 

1980s, he says, Russian scientists showed that 

when two seedlings are planted close together, 

their internal electrical oscillations begin to 

coincide. If electrical coordination is more 

effective among kin, it could explain what 

Dudley has observed, Novoplansky says. 

Related individuals might treat one another 

more like they treat themselves because their 

oscillations are more in tune.

Whatever the mechanism, the discovery 

that roots communicate opens a new chapter 

in plant ecology. “The default picture so far is 

that plants are just sitting there, fighting 

everything they meet,” says Novoplansky. 

“But if they are responsive to particular 

signals, and know who is who in some sense, it 

changes the whole picture.”

So if you have a real fir tree in your home, 

you could be forgiven for feeling a modicum 

of sympathy for it. It may not mind being 

dressed like a carnival queen, but it is possible 

that the poor thing might be lonely.  ●

Lynn Dicks has no trouble talking to  her family

“The messages might pass 
secretly underground, 
perhaps though chemicals 
oozing out into the soil ”



 ●YOU know the score: paper wraps rock, 

rock blunts scissors, scissors cut paper… 

It’s just a trivial way of making decisions about 

whose round it is at the bar, who gets the TV 

remote, that kind of thing. It’s something like 

tossing a coin, right? 

You couldn’t be more wrong. Rock, paper, 

scissors (RPS) – also known as RoShamBo – is a 

startling game of strategy that reveals both the 

fickleness and the limitations of the human 

mind. There are RPS world championships 

worth big money, fiercely contested 

tournaments to find the best RPS computer 

programs, and heated arguments over which 

is the optimal RPS strategy. When millions of 

dollars have been made on the throw of a hand, 

it is hard to argue this is an insignificant debate. 

So, how do you win at RPS? 

From a mathematical perspective, RPS is a 

function known as an intransitive relation, 

which means it creates a loop of preferences 

that has no beginning and no end, defying 

standard notions of hierarchy. Though each 

item is better than some other item, it is 

impossible to define what is “best”, and this 

makes it interesting to mathematicians. “It 

makes you think precisely about what you 

mean by ‘is better than’,” says John Haigh, a 

mathematician at the University of Sussex in 

the UK. “Context is everything.”

Given the interest among mathematicians, 

it was almost inevitable that computer 

programmers would get involved and 

try to produce the ultimate player. According 

to game theory, the optimal strategy is 

straightforward: make your throws random. 

If no one can guess what you’re going to play, 

they can’t devise a winning strategy against 

you. That may sound like a simple thing to do, 

but it isn’t – not even for computers – as David 

Bolton, a programmer for a finance company 

based in London, has demonstrated.

Bolton, an RPS enthusiast, has been 
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running a computer RPS league on   www.cplus.

about.com . The competitors supplying their 

game-playing code come from as far afield as 

the Philippines, South Africa, Sweden and 

China, and their programs, or bots, use a wide 

range of strategies. Surprisingly, the least 

successful bots are those that seem to make 

their choice based on nothing more than 

random numbers. “These all tend to be at the 

bottom of the league,” Bolton says. 

The explanation must be that these poor 

performers are not truly random. If there are 

any patterns at all, well-programmed bots will 

pick them out – and work out how to exploit 

them. Iliatsi, currently the leader in Bolton’s 

league, has 10 strategies to deploy against its 

opponents, analysing their previous moves, 

for instance, to find a pattern and thus work 

out the most likely next move. Iliatsi, created 

by a Greek programmer, looks set to win when 

the championship winds up this month. 

Though competitions between programs 

are a challenge for the programmers, they are 

of limited interest to everyone else, says Perry 

Friedman, who created RoShamBot, one of the 

first RPS bots. Computer RPS players are 

simply too good. “It’s much more interesting 

to find games that play well against people,” 

Friedman says. So when Friedman created 

RoShamBot, he deliberately refrained from 

making it invincible. While the program is 

powerful, its charm, he says, is that it doesn’t 

just mash you into a pulp. You can play 

against RoShamBot at   http://zonker.stanford.

edu/cgi-bin/roshambot .

Since graduating from Stanford, Friedman 

has worked as a programmer for IBM and 

Oracle and as a professional poker player. In 

the latter pursuit, playing RPS against other 

humans has been a big help, Friedman says, 

because live-action RPS teaches you about the 

peculiarities of human thought. In RPS, the 

golden rule is to be unpredictable, but without 



extensive training humans are hopeless at 

this. “People tend to fall into patterns,” 

Friedman says. “They tell themselves things 

like, ‘I just went rock twice, so I shouldn’t do 

rock a third time, because that’s not random’.”

Worse, people tend to project patterns on 

their opponents. “They see patterns where 

there are none,” Friedman says. This, he adds, 

is a major source of complaints in online 

gaming: when players lose because of 

something they perceive as a too-lucky dice 

throw, say, they think the computer they 

are playing against must be rigged. “What are 

the odds double-six came up right when 

he needed it?” players ask. The thing is, as 

Friedman points out, “They don’t notice all 

the times it didn’t come up.”

If you are going to win at RPS, Friedman’s 

advice is to think – but not too much. Of 

course you want to randomise your throws, 

but once the game is under way you should 

look for patterns. If your opponent is human, 

the chances are he or she works – consciously 

or unconsciously – with a sequence in their 

head. Spot it, and they are toast. 

Another tip is don’t throw rock in your first 

game. This strategy   won the auction house 

Christie’s millions  of dollars in 2005 when a 

wealthy Japanese art collector couldn’t decide 

which firm of auctioneers should sell his 

corporation’s collection of Impressionist 

paintings. He suggested they play RPS for it. 

Christie’s asked for suggestions from their 

employees, one of whom turned out to have 

daughters who played RPS in the schoolyard. 

“Everybody expects you to choose rock,” the 

girls said, so their advice was: go for scissors. 

Christie’s acted on this expert tip, while rival 

auction house Sotheby’s went for paper – and 

lost the business.

Scissors is still a good starting throw 

even if you are playing against someone 

experienced: they won’t go for rock because 

that’s seen as a rookie move, so the worst you 

are likely to do is tie. Once things are under 

way, different techniques come in. You could 

try the double bluff, where you tell your 

opponent what you’re going to throw – then 

do it: no one believes you’ll do it, so they won’t 

play the throw that beats the throw you are 

playing. Then, if your mind goes blank, play 

the throw that would have been beaten by 

your opponent’s previous throw: some kind 

of subconscious activity seems to encourage 

players – especially those who are not feeling 

at the top of their game – to aim to beat their 

own preceding throw. 

When all else fails, the rule is “go with 

paper”, because rock comes up more often 

than it would by chance. In 1998, Mitsui 

Yoshizawa, a mathematician at Tokyo 

University of Science, studied throws from 725 

people and found that they threw rock 35 per 

cent of the time. Paper came in at 33 per cent 

and scissors at 31 per cent. Facebook has an 

online game called Roshambull which has 

logged 10 million throws in over 1.6 million 

games. Here the statistics are 36 per cent rock, 

30 per cent paper and 34 per cent scissors. 

“Players clearly have a slight preference for 

rock, and that affects the distribution of all 

the plays,” says Graham Walker of the World 

RPS Society. This pleases him, since it shows 

how winning something like the world RPS 

championship involves skill, not luck. “Given 

people’s preference for rock, it is impossible to 

claim that RPS is a game of chance,” he says.

So there you go: if arguments over which 

TV channel to watch are a regular feature 

of your holidays, now you know how to get 

your own way more often than not. Do a little 

study, practise against an online trainer, then, 

wide-eyed, make what looks like an innocent 

suggestion: shall we settle this with rock, 

paper, scissors?  ●

Michael Brooks usually throws scissors 
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“Don’t throw rock on your 
first go. This strategy won 
auction house Christie’s 
millions of dollars”

IV
A

 Z
IM

O
VA

/P
A

N
O

S



U
SA

F

68 | NewScientist | 22/29 December 2007 www.newscientist.com

Watch this 
Your guide to the best videos online

Skydiving from space 

On 16 August 1960, Joe Kittinger jumped 

out of a balloon at an altitude of over 

30 kilometres and plummeted to Earth. 

It’s a feat that has yet to be repeated, let 

alone bettered.

7 min

http://video.google.com/

videoplay?docid=-911935105090581515

The science of living longer 

Want to know what supplements the 

world’s leading ageing researchers take 

to increase their lifespan? Tune in to this 

fascinating discussion between some of 

the world’s leading longevity researchers, 

talking to US science show host Charlie 

Rose. Watch it before your holiday feast if 

you want to take advantage of the advice 

on caloric restriction. 

56 min 

http://chime.tv/#v/44k3h_zoom

How to evolve a watch 

If a creationist ever asks you why a boxful 

of gears and cogs never evolve into watch, 

no matter how much you shake them, 

show them this video. 

10 min 

www.youtube.com/

watch?v=mcAq9bmCeR0 

Inner life of the cell 

Breathtaking, scientifically accurate 

animation of how immune cells move 

from blood into tissue.

8 min 30 sec

http://multimedia.mcb.harvard.edu/

anim_innerlife.html

Broadcast version from ABC World News.

2 min 50 sec

http://multimedia.mcb.harvard.edu/

video_embed.html

The boy with the incredible brain 

The remarkable story of Daniel Tammet, 

who can remember π to 25,000  decimal 

places, learn a language in a week and 

multiply huge numbers together. He says 

he can see the numbers in his head, a 

claim that may change our understanding 

of neuroscience. 

47 min 

http://video.google.com/videoplay?

docid=4913196365903075662

Fermat’s last theorem 

Andrew Wiles begins his compelling 

documentary about how he cracked the 

most famous problem in mathematics: 

“Perhaps I could best describe my 

experience in doing mathematics in 

terms of entering a dark mansion…” 

45 min 

http://video.google.com/videoplay?

docid=8269328330690408516

Feynman on quantum electrodynamics 

Quite possibly the greatest science lecturer 

in history takes you from photons as 

corpuscles of light to quantum 

electrodynamics in a four-part lecture 

recorded in 1979. Amazingly, no detailed 

prior knowledge of physics is required. 

Set aside a few hours for this series. 

First part, 1 hr 20 min

www.vega.org.uk/video/subseries/8
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Black market 

Photographer Patrick Brown investigates 

how traditional Chinese medicine fuels an 

illicit international trade in wildlife. He 

follows the trail from market stalls to the 

jungles of Cambodia, where he joins 

customs officials tracking rhino poachers. 

10 min 

www.mediastorm.org/0015.htm

The social atom 

Physicist and writer Mark Buchanan 

lectures on how simple physics models 

can reproduce the bizarre decision-making 

behaviour of humans. A fascinating 

introduction to the new discipline of 

social physics. 

1 hr 9 min 

www.researchchannel.org/prog/

displayevent.aspx?rID=17528&fID=4269

(requires Internet Explorer 6 and Microsoft 

Media Player 7 or higher)  

Two takes on mitosis 

A synchronised swimming team 

demonstrates how this type of cell 

division takes place. 

1 min 

www.youtube.com/

watch?v=eFuCE22agyM 

Or try this more traditional explanation. 

1 min 29 secs 

www.youtube.com/

watch?v=VlN7K1-9QB0

Lighting a magnesium pencil sharpener 

with water 

Water doesn’t extinguish burning 

magnesium – it makes the fire all 

the fiercer. Vital knowledge if you’re 

a firefighter. 

1 min 49 sec 

www.science-tube.com/index.

php?c=chemie&section=002

LSD tested on British soldiers

How acid could bring world peace, man.

1 min 37 sec 

http://video.google.com/videoplay?

docid=517198059628627413 

Cape Canaveral rocket explosion 

A Delta rocket carrying a $45 million GPS 

satellite explodes over the launch pad, 

raining fire on the surrounding area. 

2 min

http://video.google.com/videoplay?

docid=1381963273853382138

A ride into space 

NASA astronaut Jeffrey Hoffman describes 

what it’s like in space and talks through 

photos from his five shuttle flights, 

including the Hubble Space Telescope 

repair mission.

7 min

http://uk.youtube.com/

watch?v=Pkd4KCEz--Y

Cornflour capers

Tape a baking tray to a loudspeaker, fill 

it with cornflour and water, and watch 

what emerges. 

2 min 26 sec 

www.youtube.com/

watch?v=GU3fOeDctbY

The iPhone challenge 

Columnist David Pogue of The New York 
Times reviews the Apple iPhone in the 

heady days before its official launch earlier 

this year. 

5 min 49 sec

http://video.on.nytimes.com/?fr_story

=caed76f16c6132710db58210

df3940afb8a3f7c8

Cosmos: Shores of the cosmic ocean 

The first episode of the landmark popular 

science series presented by the astronomer 

Carl Sagan. Awe-inspiring in approach, 

panoramic in breadth and overdue for a 

revival. Altogether now: “The cosmos is all 

there is or ever was or ever will be…” 

1 hr

www.guba.com/watch/3000082657 

(Portugese subtitles) 

Ali G on science 

The British comedy character Ali G 

interviews a panel of scientists. 

Thought-provoking stuff.

7 min 

http://chime.tv/#v/j0fs

The joy of stats 

Swedish development expert Hans Rosling 

debunks myths about the developing 

world with engaging graphics and “the 

best stats you’ve ever seen”. One of several 

fascinating talks filmed at the Technology, 

Entertainment, Design conference.

20 min 

www.ted.com/index.php/talks/view/

id/92 

Alex the African grey parrot 

With a vocabulary of 100 words, an ability 

to count to 6 and to recognise shapes 

and colours, Irene Pepperberg’s African 

grey parrot wowed scientists and the 

public alike until his untimely death 

earlier this year at the young age (for a 

grey parrot) of 31.

2 min

www.youtube.com/

watch?v=R6KvPN_Wt8I
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Justin Mullins has better things to do 
than watch online videos, but never 
seems to get round to them



Interview

What is your favourite parasitic worm?

My giant pickled tapeworm. It’s around 

10 metres long. It was brought to me in a 

bucket after being found in a killer whale 

that was stranded off the coast of south-west 

England. It was only the second tapeworm of 

that species ever to have been found. We’ve 

grown close over the years. That worm and 

I have been everywhere together – even to 

Buckingham Palace. We went to a science fair 

for the queen’s 80th birthday. I never thought 

being a parasite curator would allow me to 

eat royal sandwiches. The royals were very 

interested in the worms. I also have a plastic 

worm from the publisher Dorling Kindersley; 

that’s my other special friend.

Do you have a least favourite? 

  Anguillicola . It just makes me go, yuk! I think 

because it’s rather ugly. It gets into the swim 

bladder of eels and feeds on blood, so it’s very 

black. Most nematodes are really quite nice 

and you can get some attractive ones with 

rows of spines, frills or intricate teeth. Some 

parasites are beautiful, such as the tapeworm 

Prochristianella, which you might find in 

sharks: instead of hooks it has long tentacles 

with all these incredible spines. There is a 

nematode that kangaroos get that is unusual: 

the male lives completely inside the female. 

Imagine the conversation I had with an Aussie 

about that.

How did you get to be a parasite curator?

While I was doing A-levels at school a friend 

came to work at the museum. I asked if there 

were any other jobs going. I was told there 

were two vacancies, one in bryozoa and one 

in parasitic nematodes. I was asked if I minded 

working with worms and I said no, so I was 

chosen for that job. It didn’t take very long 

before I realised just how complex and 

fascinating the world of parasites was and 

it grew from there. The longer you work with 

them the more you love them. I love my 

worms, much to everyone’s disgust. 

Flatworms and roundworms are my babies. 

I also love solving problems for people: for 

example, vets worried because an animal 

has died and they want me to identify any 

parasites present. That’s very rewarding.

You get a lot of enquiries from the public about 

worms. What do they ask?

They range from people who have found 

worms in their lunch to those who have 

turned on their water tap and something 

nasty has come out.

What kind of nasty?

I’m talking about Gordian worms, which as 

larvae are internal parasites of insects such 

as crickets, cockroaches and grasshoppers. 

They’re so-called because in water they 

squirm and twist and knot themselves up into 

something resembling the Gordian knot. 

They are also known as horsehair worms 

because in their adult stage they are brown 

and very thin and grow up to 25 centimetres 

long. They’re clever: they can   change the 

behaviour of their insect host , making it seek 

out water. When the insect finds some, the 

worm emerges from the insect’s body and 

swims away. You might find these long worms 

during the late summer or autumn in streams 

and ponds, in your dog’s drinking bowl, in 

swimming pools, in the water tank in your 

loft, or even in your bath or toilet. Of course, 

they are usually alive when you find them. 

I get concerned people on the phone wanting 

me to identify their toilet inhabitant. I also get 

people with   delusional parasitosis , which is 

when you are convinced you have parasites 

coming out of every orifice. It’s a well-

documented psychological disorder.

What is the most unpleasant thing you’ve 

had to do?

I can’t think of anything. 

You mean that in your 30 years plus of dealing 

with parasites and dissecting animals that you’ve 

never had to do anything objectionable?

Well, I was once sent some unpreserved 

gorilla dung that arrived in plastic boxes, 

and when I opened the boxes: poooah! It was 

from the   International Gorilla Conservation 

Project  in Rwanda. They wanted to see what 

parasites were in there. We said send the 

sample and they took it literally. Anything 

from dead badgers also gets to you. So 

does a dead whale, especially if it has been 

lying around.

Is it usual to find worms in whales?

These animals can be riddled with parasites 

and not be affected. We had specimens from 

a big dolphin weighing more than 

500 kilograms that had parasites in its lungs, 

blubber, stomach, heart, blood system, 

kidneys, liver – everywhere. And it had been 

fine. Each parasite has its own little niche, and 

providing the animal is fit and healthy, the 

parasite just exists and that’s it.

We’ve just recently finished a 10-year whale 

stranding project. The aim was to find out 

whether or not parasites were the cause of the 

The discreet charm 
of nematode worms
Eileen Harris has been a curator of parasitic worms at the Natural History Museum in 
London for more than 30 years, looking after its world-class collection of some half a 
million specimens. She has one of the most varied jobs in biology: when she’s not 
identifying species or looking for parasites in the dissected bodies of stranded whales, 
she is taking calls from members of the public unnerved by the appearance of a long 
wriggling creature in their bathroom. She talks to Lucy Middleton about her life with 
worms, and why we should be wary of sushi
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“In the Netherlands 
they eat raw herrings. 
I wouldn’t do that”



strandings. Some researchers in the US said 

that   digenean worms  were getting into the 

inner ear of whales and porpoises and 

affecting their echolocation. So we collected 

and analysed parasites from stranded whales 

and porpoises, and compared them with those 

from animals that had been caught in nets. 

There was no difference in the parasites they 

carried, so we concluded that the parasites 

were not the cause.

Tell me about worms you’ve discovered and 

described.

I discovered a   whole new genus  and species of 

worms (Teporingonema cerropeladoensis) in 

volcano rabbits – very small rabbits found 

around volcanoes in Mexico. The rabbits were 

being bred at Jersey Zoo in the Channel Islands 

and several died. They were found to have a 

large number of nematodes in their stomachs 

and the worms were sent to me for 

identification. It didn’t take me long to realise 

that they were all new to science. One name 

for the rabbit is teporingo, so I named the 

worm Teporingonema. I have probably 

discovered about a dozen new species in total. 

If we had the time we could describe a new 

species every week, there are so many out 

there. Only a small percentage of the world’s 

parasites have been named.

Knowing what you do about parasites, do you 

have any advice for people?

Put it this way: I never eat my steaks very rare. 

I went to a conference in the Netherlands once 

and they ate raw herrings – I wouldn’t do that. 

I would be wary about eating sushi in some 

places. A good chef would always see any 

worms in the slices. You need to know what 

to look for though. Make sure fruit and 

vegetables are properly washed when you go 

to some tropical countries in case you swallow 

any Ascaris eggs, which are too small to see. 

When it comes to parasites and food I can put 

people off pretty much anything.  ●
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Profile
Eileen Harris has been responsible for the curation of 

parasitic worms at the Natural History Museum in London 

since 1967. She has authored more than 50 scientific 

papers, is joint editor of Systematic Parasitology and has 

discovered many new species of parasitic worms.  

 Eileen Harris and pickled companion, a giant tapeworm 
retrieved from a stranded killer whale



Perspectives

My friend Matt said it best: trying to draw strict borders round consciousness is like trying 
to stick Post-it notes on the ocean. Nothing daunted, I set out in The Head Trip: Adventures on the 

wheel of consciousness to catch the brain in the act of constructing the primary states of sleeping, 

dreaming and waking consciousness. For me, getting to grips with these definite, reproducible 

states, with their common underlying neurology, meant moving away from textbook abstraction 

to first-person experience. I became a guinea pig for experimentation of all kinds, scientific and 

otherwise, including sleep lab analysis, lucid-dream workshops, hypnotic inductions and 

neurofeedback trials. The idea that emerged was of the mind stretched across a huge wheel, 

which completes a rotation every 24 hours, changing the contour of consciousness from 

moment to moment. I divided my “wheel of consciousness” into 12 states, each with its 

unique blend of knowledge and custom. It came to feel so much like making a real 

journey that my book took on the aspect of a travel guide. The five states below are a 

taster of how the first-person journey helps unexpected aspects of consciousness 

become apparent. Take “agency”. A certain fatalism about human nature and free 

will is fashionable, but it doesn’t have to be so. Looking closely at consciousness 

from the inside, you find we can learn to regulate our experience of dreaming 

and waking in all kinds of surprising, even radical ways. So explore the fun of 

trying to control a lucid dream, solve a complex problem or achieve a mindful 

state. What happens to each of us will be different. Enjoy the trip! Jeff Warren

Life on the wheel 
of consciousness
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The hypnagogic 
I’ve always wanted to know what it feels like at the exact moment I fall asleep. 

It’s seemingly impossible: caught by the momentum of stage 1 sleep, our 

short-term memories flicker out, and we tumble out of self-consciousness. The 

hypnagogic state is a strange place. As the sensory gateway rolls shut, I enter a 

brief period of body distortions, visual imagery and unusual associations. My 

brain waves flat-line then burst back. Thoughts free-associate wildly: a game 

with my father, The Lord of the Rings movie, hobbits, a naked elf woman, sex, 

fear of being scratched, the Milky Way, a vessel to explore it in, my childhood 

fort. Most of us have no sense of the rare opportunity the state offers to cross-

pollinate two modes of thought: the waking mind can retrieve sections of exotic 

dream logic, something artists and scientists have always used for creative 

problem-solving. The hypnagogic also shows how dream processes gurgle like an 

underground creek just below the waking surface, and break through in ways we 

barely appreciate. TRAVEL NOTES: we all pass through; stay 2 to 30-plus minutes; 

feels hallucinogenic, relaxing, associative. EEG: theta waves, spindles, K-complexes.

The slow wave 
Slow-wave (dreamless sleep) is a fascinating mystery. I enter it in the first half of the night, in 

stages 3/4 sleep. Large delta waves roll across my cortex; specialised communication between 

brain regions has broken down. We know this because when researchers introduce a mild electrical 

pulse into the sleeping cortex, the current pools at the stimulation site rather than flowing to the rest 

of the brain, as in waking. When I was woken from slow-wave, I had little to report: just the drift of mental 

flotsam, like a vaguely recalled to-do list. But some people report full-blown dreams. Interestingly, long-term 

meditators tell of intense bliss, a state in which we are, paradoxically, most aware. This degree of content in a 

state thought to be content-free suggests something radical: on some level, we may always be conscious. 

TRAVEL NOTES: we all visit; stay 10 to 40 minutes; (mostly) repetitive thinking, or bliss. EEG: delta waves.
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The sensory-motor rhythm
The sensory-motor rhythm (SMR) gets its name from a very specific spindle 

of electrical activity over the sensory-motor cortex, where it is associated with 

a reduction in sensory input and motor output. SMR states appear in moments 

of Zen-like calm alertness: when you throw a tennis ball in the air and wait for its 

descent, or in that brief period of thought-collecting stillness before playing a musical 

instrument. Over the course of 40 sessions experimenting with neurofeedback, I tried 

so hard to attain my own SMR state that I nearly drove myself insane with decidedly 

non-Zen scheming and obtuseness. For all its fickleness, or perhaps because of it, SMR is 

a much-cherished state. Time slows down and the moment seems to breathe. There is a 

crisp, sharply defined quality to both internal thoughts and external stimuli. The state can 

be learned, expanded, sustained. Other traditions have other names for it: Buddhists call it 

“mindfulness”. TRAVEL NOTES: relatively accessible; stay several seconds to much longer; feels 

calm, alert, super-clear senses. EEG: low beta (12 to 15 hertz).  ●

Jeff Warren is a writer and freelance radio producer for the CBC. This essay and illustration are based on The Head Trip: Adventures on the 
wheel of consciousness, published by Random House in the US and Canada, and by Oneworld in the UK. For more information on these and other 

states of consciousness, plus reviews of the book, visit his website at www.headtrip.ca. 

The trance 
All kinds of everyday waking activities superficially plunge us into a trance – dancing in 

a nightclub, driving on the highway, reading an engrossing book. As with sleeping and 

dreaming, waking states are influenced by the rise and fall of alertness throughout 

the day. The trance is maximised by arousal: it is a species of intense focal attention, 

in which we become so absorbed in a central object or idea that peripheral concerns 

fall away, and we feel we are moving through the world on autopilot. In other 

words, the trance may be the waking corollary of the normal REM dream. Yet 

the trance also contains something special: high suggestibility. This is why 

it is of interest to hypnotists. I was keen to be hypnotised, but scored low 

on susceptibility tests devised by researchers at Harvard and Stanford 

universities. In the right hands, however, I found my arm floating up out 

of my control just like in the textbooks. Some people experience visual and 

auditory hallucinations, where they see a dog or smell a rose, for example. 

These hallucinations are an important manifestation of top-down dream 

processes seeping into the waking world. The trance is also a murky 

channel for a range of surprising psychosomatic phenomena: with the 

right prompting, burns, skin disorders and inflammation of every kind 

seem to appear or disappear inside and outside the body. I think this 

holds another important lesson: the mind is no epiphenomenon, but 

has causal powers. TRAVEL NOTES: most people arrive easily, deep trances 

are more scarce; stay 1 minute to several hours; feels absorbed and focused. 

EEG: not consistent, sometimes theta waves.

The lucid dream
Everyone knows what normal dreams are like: non-stop absurdist action, where we race around like witless actors in a 

production we cannot control, weeping, freaking and pleading helplessly with giant kiwi fruit or whatever. Yet there’s an 

important exception: the lucid dream. This extraordinary state of consciousness occurs mostly in the early morning, 

during periods of high-activation rapid eye movement (REM) sleep. Dreamers “wake up” in the dream and boggle at the 

amazing vividness of their artificial world. Lucid dreamers walk around their dream, examining texture, interrogating 

“characters” and running experiments – or just trying to have sex. The waking capacities of intentionality, reason, memory 

and self-consciousness are, amazingly, back online. Without sensory input, consciousness appears to behave in predictable 

ways. Informal laws can be deduced, for example, the “law of self-fulfilling expectations” (what you expect to happen will 

happen), the “law of narrative momentum” (linger too long in one place and the dream world begins to fray) and 

others. My lucid dreams proved harder to control than I imagined: I crashed helplessly into hedges and was 

routinely ignored by indifferent dream characters. TRAVEL NOTES: hard to visit, easier in the early mornings; 

stay 2 to 50 minutes; feels vivid, clear-thinking, exultant. EEG: phasic REM. 



Histories

WHEN David Gelsthorpe took up his new job 

last year as curator of palaeontology at the 

  Manchester Museum , one of the UK’s great 

Victorian institutions, among his first tasks 

was cataloguing its scattered collection of 

fossils. As he opened boxes and checked labels 

he spotted a familiar name: Marie Stopes. 

Like most, he knew Stopes as the pioneer of 

sexual equality for women. He also knew 

that before she won fame as the champion of 

birth control and a woman’s right to sexual 

fulfilment, Stopes had made a name for 

herself as an expert on fossil plants. “These 

‘lost’ specimens show that she was as 

pioneering in her pursuit of fossils as she was 

in social reform,” says Gelsthorpe.

Stopes arrived in Manchester in 1904 

with a reputation for flouting regulations and 

defying convention. She had bent the rules 

to complete her degree at University College 

London in just two years. Then Stopes was off 

to Germany to study at the Botanical Institute 

in Munich on a research scholarship. The lone 

woman among 500 men, she was unable to 

speak the language and barred from taking 

a doctorate because she was a woman. Stopes 

worked furiously, learned German and had the 

rules changed. In 1904 she returned home 

with her doctorate and started a job at the 

University of Manchester, where she was the 

first woman to teach science. Stopes had also 

fallen in love: out of 500 men, she had picked 

the one that Edwardian England was least 

likely to approve of – Kenjiro Fujii, a man 

almost twice her age, married and Japanese. 

In Manchester, Stopes taught student 

doctors and engineers, gave lectures to 

working men on the joys of plants, and 

collected fossils. “The fossils provide glimpses 

into the life of a quite extraordinary woman,” 

says Gelsthorpe. “She crawled along mine 

shafts, hacked her way through some of the 

wildest parts of Japan and even tried to join 

Captain Scott’s expedition to the South Pole.”

Towards the end of 1904, Robert Scott, 

recently returned from his Discovery 

expedition to Antarctica, visited Manchester 

during a fund-raising tour to pay off the 

expedition’s debts. Stopes met him at a lunch 

and again the same evening at a dance. She was 

smitten – not with Scott but with the idea of 

joining him on his next voyage to Antarctica. 

Only a few years earlier, Austrian geologist 

Eduard Suess had suggested that the southern 

continents had once been part of a single 

On Christmas Eve 1907, a 
young English palaeontologist 
sat at a lab bench in Tokyo 
contemplating a lump of rock – 
or more precisely an ancient 
plant long since turned 
to stone. Even with the 
laboratory’s newly overhauled 
cutting machine, slicing this 
fossil would be a long, slow 
job, and tomorrow work 
would have to give way to 
the obligatory round of parties 
and handing out presents. 
Frustratingly, in a few more 
days the whole of Tokyo would 
be celebrating the start of the 
New Year. Instead of slicing 
fossils, the single-minded 
scientist would have to dress 
up in her best silks, sip sake 
and socialise. It wasn’t that she 
objected to having fun, but she 
was impatient to find a fossil 
that would provide clues to one 
of botany’s great mysteries.
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landmass, which he called Gondwanaland. 

The best evidence for this came from fossils, 

in particular fossils of a long-extinct group 

of plants known as seed ferns. These had 

been found in a band stretching round the 

southern hemisphere, from South America 

to Africa, India and Australia. The last piece 

of the puzzle was Antarctica: if seed ferns had 

once grown there then Suess had to be right. 

Scott, Stopes confided to a friend, was 

the most “divine waltzer and reverser” she 

had ever met. He was also diplomatic and 

promised that if it proved impossible to 

take her, he would try to find the fossils 

she wanted. According to the museum’s 

“autograph book”, a visitor’s book for VIPs, 

on 1 December 1904 Scott called on Stopes for 

a crash course in fossil recognition, a lesson 

that would prove invaluable eight years later. 

In the meantime there were mines for 

Stopes to explore. At the turn of the 20th 

century, working in a coal mine was difficult, 

dirty and dangerous, but that was no 

deterrent. The mines around Manchester were 

a good place to hunt for coal balls, lumps of 

mineralised plant material that contained 

parts of extinct plants so complete it was 

possible to piece together their structure and 

biology. Much to the astonishment of miners 

and mine owners, Stopes insisted on doing 

her own collecting. Clad in a long gown and 

armed with a hammer, she picked and poked 

her way along the coal seams. No one should 

have been surprised: Stopes’s idea of fun was 

tramping across mountains, bogs and glaciers. 

“I must have some exploration,” she wrote to 

her professor in Munich. “And coal mines are 

the only things here to take the place of 

mountains or tropical forests.” 

Questions about how coal and coal balls 

formed were immensely important, but the 

biggest palaeobotanical question of the day 

concerned the origins of the angiosperms, or 

flowering plants. When had they appeared 

and how had they given rise to so many 

species in so short a time? Charles Darwin had 

called it an “abominable mystery”. Stopes was 

no doubt interested in the question, but she 

“She soon swapped 
muslin frocks for short 
Japanese trousers”

Love among the fossils
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had another reason to get excited about 

angiosperms: the earliest traces of flowering 

plants were leaf impressions found in Japan. 

Fujii, the man she hoped to marry, was back 

in Tokyo and in 1906 wrote to say he was 

divorced. “Marie had to find a way to get to 

Japan,” says Gelsthorpe. “The angiosperms 

provided the excuse.” 

Solving the mystery of the angiosperms 

required more complete fossils with fruits 

and seeds, and the most likely place to find 

them was in Japan’s northernmost island of 

Hokkaido. Stopes asked Fujii to send some 

rock nodules from Hokkaido, and amazingly 

the very first one she opened contained an 

angiosperm. She could hardly believe her luck: 

armed with the new finds, she persuaded the 

Royal Society of London to fund her one-

woman expedition to Japan. 

In August 1907, Stopes arrived in Yokohama. 

Ten days later, after a brief reunion with Fujii, 

she left for Hokkaido. Western women were a 

rarity in Japan and female scientists didn’t 

exist at all. “They all marvel at me as though 

I were some curious kind of butterfly,” she 

wrote in A Journal from Japan. Rather than try 
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to block her efforts, however, the Japanese 

authorities gave her every assistance – too 

much, she complained. By the time she 

reached Hokkaido, she had acquired an 

entourage of more than 30 men, including her 

own personal policeman.

Hokkaido was wild and little explored, and 

when the road ran out the expedition had to 

struggle through dense bamboo forests and 

along riverbeds. Stopes soon swapped her 

muslin frocks for short Japanese trousers and 

jacket and her boots for straw sandals that 

gave a better grip on wet stones. She conceded 

that her unwanted companions had their uses 

after heavy rains had turned the riverbed 

tracks into dangerous waterways full of deep 

pools. “Without a couple of them to put their 

feet to make steps or to give a hand around 

corners, I could not have got along at all. How 

the loaded coolies could manage I cannot 

imagine. It was only the feeling that as I was 

the leader I daren’t show fright, that kept me 

going over some of those places. However, we 

were well rewarded, for the fossils I got that 

afternoon were the best obtained so far.”

Stopes made many other trips during her 

18 months in Japan. Between stints cutting 

fossils in the lab, she went down coal mines, 

to the dismay of her terrified escorts, and 

collected the first fossil insects from the 

now famous fossil lake at Shiobara. And 

she found what she was looking for – the 

earliest example of a fossil fruit of what was 

undoubtedly a flowering plant. The fossil 

remained the earliest evidence of 

angiosperms for many years. 

Love proved more elusive. Fujii’s ardour 

cooled. To put her off he pretended to have 

leprosy. Stopes returned to Manchester with 

her fossils – just in time for Scott’s expedition 

to Antarctica. It was impossible for her to go, 

of course, and she was bitterly disappointed. 

When Scott and his men died on their 

return from the South Pole, they famously had 

with them 16 kilograms of rocks and fossils, 

which they had refused to abandon despite the 

terrible conditions. Although Scott never knew 

it, among the fossils was the missing piece of 

the Gondwana puzzle.  Stephanie Pain  ●

 Marie Stopes was one of the most eminent plant 
palaeontologists of the 20th century 

Visit the Manchester Museum at www.museum.manchester.ac.uk
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Commentary

IF THE promise implicit in recent 

work on reprogramming adult 

skin cells into pluripotent stem 

cells is realised, the chief gain will 

be greater simplicity, safety and 

straightforwardness in stem 

cell research and its eventual 

therapeutic applications. That 

is welcome news. But press 

coverage has predictably focused 

on the claim that this approach 

avoids the ethical objections over 

the use of embryos, objections 

raised mainly by those who 

sympathise with the so-called 

“pro-life” agenda.

It is not often remarked 

that “pro-life” objections are 

themselves arguably unethical, 

nor that they are inconsistent with 

what the pro-lifers’ beliefs should 

make them infer from what 

happens elsewhere in nature. 

To start with the first point: 

stem cell research is aimed at 

alleviating many diseases, 

including Parkinson’s disease, 

spinal cord injury, diabetes, 

cardiovascular disease, hearing 

and vision loss, and muscular 

dystrophy. The suffering and 

disability that could be 

diminished in people who 

actually (as opposed to 

potentially) exist, with their 

relationships, responsibilities, 

hopes, jobs and interests in 

full flow, is enormous – and 

genuinely pro-life.

If the adult skin cell work 

proves to be a dead end, and it 

turns out that only embryonic 

stem cells will do, the need will 

return to challenge the objectors’ 

insistence that it is more ethical 

to privilege 30 cells in a blastocyst 

over the needs of ill, disabled or 

dying children and adults. 

The blastocysts in question 

come from IVF procedures with 

the informed consent of donors, 

for whom they are surplus to 

requirements. It is not clear 

whether all objectors believe these 

blastocysts should not exist in the 

first place, which would entail 

opposition to fertility treatment 

for couples who profoundly desire 

children. But the thought that 

these endeavours, so positive in 

themselves, might have the 

additional benefit of leading 

to clinical applications, should 

strike unprejudiced minds as an 

obvious good.

Then add to this the fact that 

nature is remarkably profligate 

in reproductive terms. Of the 

billions of eggs laid by fish, only 

about 0.5 per cent hatch. Humans 

are not much less lavish. Every 

year hundreds of billions of 

spermatozoa die before reaching 

an ovum, and billions of ova 

are expelled unfertilised in 

menstrual cycles. More than half 

of fertilised ova do not result in 

pregnancy. An estimated quarter 

of all pregnancies spontaneously 

terminate before the sixth week; 

and, overall, about one in five 

pregnancies spontaneously 

terminate before 20 weeks. 

And until the advent of 

modern medicine, which is 

the result of research and 

intervention (of which stem cell 

work is a continuation), stillbirths 

and infant mortality further 

dramatically reduced the number 

of conceptions that reached 

adulthood.

Objectors to embryonic stem 

cell research ignore this context, 

which is one reason why they can 

take the ethically perverse step 

of putting blastocysts higher up 

their scale of moral concerns than 

people suffering now. People are 

precious; the profligate cellular 

sources that sometimes result in 

people are not people.

In opposing on doctrinaire 

grounds medical advances aimed 

at aiding the suffering, objectors 

to embryonic stem cell research 

are being positively unethical. 

The argument against them is 

not that the good ends of stem 

cell research justify any means. 

Rather, it is that the good ends, 

the circumstances in which 

blastocysts become available, and 

the facts of nature jointly enter 

into a weighting of the interests 

at stake. To anyone without prior 

commitment to a view that makes 

small clusters of cells more 

important than people, it is 

perfectly obvious where the 

greater weight lies.  ●

“Billions of ova are 
expelled unfertilised 
in menstrual cycles”

From ‘pro-life’
to anti-ethics 

Out of this world
The Living Cosmos
by Chris Impey, Random House, 
$27.95, ISBN 9781400065066 
Reviewed by Lewis Dartnell 

THERE has been 

a recent flood 

of books about 

astrobiology – 

the study of life 

in the universe – 

but this latest 

effort by astronomer Chris 

Impey is one of the best. It 

provides a solid overview of 

the diverse research involved 

and, although it digresses in 

places, is beautifully written. 

Extremophile organisms are 

described as caped superheroes, 

each with their own unique 

powers to enable survival in 

the harshest environments on 

Earth, while discovering planets 

as they eclipse their host star is 

likened to standing in a football 

stadium trying to spot the one 

crowd member about to moon. 

Fringe festival
Far Out
by Mark Pilkington, Disinformation, 
£7.99/$11.95, ISBN 9781932857870
Reviewed by Richard Fisher

SCIENCE’S 

achievements 

don’t get a look-in 

here in Mark 

Pilkington’s 

collection of 

scientific blind alleys and 

crackpot inventions. Based on 

his column in The Guardian in 

London, it is an entertaining roam 

through history’s fringe ideas. 

While some people featured are 

firmly in the pseudoscientific or 

even fraudulent camps, we also 

hear of the wilder notions of a 

few arguably successful scientists: 

Nikola Tesla, who pioneered the 

use of AC electricity, also claimed 

he invented a death ray, for 

example. This is no compendium 

of failure, though, more a 

celebration of science’s dreamers. 

Mindfi elds  A. C. Grayling
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THREE years at university may 

have left your finances firmly in 

the red.  If you are considering 

furthering your education, the 

thought of accumulating yet 

more debt can be a frightening 

prospect. But before you 

surrender your soul to the devil , 

it’s worth considering that in 

2006, the UK had 545,370 

registered postgraduate 

students who, more than likely, 

obtained funding through more 

traditional routes.

“I find there’s a lot of 

pessimism where there’s no need 

for pessimism,” says Duncan 

Connors, general secretary of the 

National Postgraduate Committee 

(NPC), an independent charity 

that represents postgraduate 

students. “Science and technology 

in particular has a lot of money 

and as long as you have a good 

undergraduate degree, you’re 

realistic and you play the game, 

you’ll get funding.”

Take on the competition
The British government invests 

£2.8 billion in research each year – 

enough to buy roughly 6 billion 

Petri dishes. This money is passed 

to seven councils that disseminate 

it to the nation’s research 

institutions. “We allocate funding 

through a highly competitive 

process,” explains Ian Lyne, head 

of postgraduate training at the 

Biotechnology and Biological 

Sciences Research Council 

(BBSRC). “If a department holds 

our funding it’s a hallmark of 

quality.” 

To get your postgraduate 

paws on some of that money, 

students must approach a well-

funded department directly – 

along with all the other hopefuls. 

In 2006/2007 the School of 

Mathematics at the University of 

Manchester enrolled 39 PhD 

students out of nearly 150 

applicants. “If you want funding 

it’s very competitive,” says 

Professor Paul Glendinning, head 

of the department. He advises 

students not to blow hot and cold. 

“Keep us in the loop with what 

you’re doing. If we’re met by 

silence at some point we’re going 

to assume the person isn’t 

interested any longer.”

Do it for charity
Many postgraduate research 

positions are sponsored by 

charities. The Wellcome Trust, the 

UK’s largest medical charity, 

recently promised  an extra 

£137 million in four-year PhD 

programmes over the next nine 

years, so there’s plenty of money 

floating around.

Charity funding carries 

different responsibilities and 

experiences from public funding, 

particularly if the money comes 

from a small organisation. “It’s 

very much a community,” says 

Selina Wray, whose PhD is funded 

by the Progressive Supranuclear 

Palsy Association. “You meet 

people who have a personal 

connection to the disease – this 

helps to maintain a focus on why 

you are doing the research. It 

makes you more determined to 

work hard.” Wray says the biggest 

difference about being funded by 

a charity is the necessity for 

good communication. “People 

from the charity come along to 

conferences and are genuinely 

interested to hear about your 

work. It’s important that the 

fund-raisers understand what is 

going on with their money,” 

she explains.

Tick the right boxes
A bewildering array of grants and 

scholarships are available for 

further study in the UK. Often 

these have very specific 

requirements, and it’s worth 

carrying out some research to see 

if you fit anyone’s criteria. If you 

can demonstrate a special interest 

Show me 
the money!

in weaving or woven textiles, for 

example, you could receive a 

£1500 donation from the 

Worshipful Company of Weavers; 

provide evidence that your course 

is relevant to the activities of the 

Milford Haven Port Authority and 

you could receive a £2000 

scholarship from them. With a 

typical master’s costing around 

£3000, these sums represent a 

significant potential contribution 

towards your studies.

Ask the boss
If you are already employed, 

consider taking the boss out for 

lunch and asking whether they’ll 

fund your course. “Most 

businesses will want some 

assurances in return for their 

investment,” says Simon Briault 

of the Federation of Small 

Businesses. “For example, 

Play some poker, bribe your boss or move to Sweden. 
David Brill discovers there’s more than one way to fund 
your postgraduate education

Science, work and business

The insiderPostgraduates
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TOP TIPS
‹Applicants need to be able to communicate and 
explain science to a lay person. We want our researchers 
to be ambassadors.› 
Ayesha Kahn, scientific liaison officer, Alzheimer’s Society

‹Get advice from people in your university department. 
It’s very important to demystify the funding process.› 
Ian Lyne, head of postgraduate training at the BBSRC

‹Postgraduates have got the analytical ability, basic 
probability and maths skills – so why not try online poker?› 
Jerome Bradpiece won over £30,000 as a University of Oxford philosophy student
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debt,” he says. “Most postgraduate 

students will have knowledge of a 

very specific area and probably 

some interesting insights into their 

own subject.” Tew recommends 

using this inside information to 

make some money. “Get thinking 

about ideas and if you think you’ve 

got a good [moneyspinning] one, 

go and do it,” he advises. “Look at 

Sergey Brin and Larry Page – they 

were IT postgraduates, and Google 

was born out of their research.”  ●

David Brill is a science and medicine 
journalist based in London

Get a loan
The prospect of more debt might 

bring you out in a sweat, but a 

career development loan (CDL) – 

offered by Barclays, the Royal 

Bank of Scotland and the Co-

operative Bank – is an option to 

consider. You can borrow between 

£300 and £8000, and the Learning 

and Skills Council will pay the 

interest on the loan until a month 

after you have finished studying.

“If you are up to standard and 

can realistically do the course then 

yes, I would advise taking out a 

CDL,” says Duncan Connors of the 

NPC, but he urges prospective 

students to think carefully. “I 

would not use a loan if you don’t 

have a defined career outcome, 

because all that’s going to happen 

is you’ll get into thousands of 

pounds’ worth of debt.”

Don’t be parted from work
If you’ve been gainfully employed 

since leaving university, you 

could be reluctant to reinstate 

beans on toast as your main meal 

of the day. Part-time courses offer 

a compromise, allowing students 

to earn while they study.

“I wanted to carry on studying 

but didn’t want to leave my job,” 

explains Carol Boags, a teaching 

lab manager at the University of 

East Anglia. She continued to 

work full-time, devoting evenings 

and weekends towards studying 

for an MSc with the Open 

University. Boags estimates that 

her studies took up some 20 

hours a week which, she warns, is 

a commitment not to be taken 

lightly. “You’ve got to be dedicated 

and a good time-manager to take 

up distance learning,” she says, 

“but it’s a good experience and I 

would certainly recommend it.”

And if all else fails…
“Think outside the box ,” says Alex 

Tew, who earned a cool million 

during his studies. Dreading the 

thought of university debt, Tew 

invented the Million Dollar 

Homepage, selling individual 

pixels on his website to advertisers 

for $1 each. “Within three or four 

weeks of launching the site I’d 

covered the average student 

a prospective student could 

have to agree terms which state 

that on successful completion 

they will stay in the business for a 

certain amount of time or pay 

back a certain percentage of the 

fee.” Convince them you’re worth 

investing in and you might find 

yourself a sponsor.

Hit the road
If the cost of studying in the UK is 

troubling you, then it might be 

time for a change of scenery. And 

where better to seek inspiration 

than the home of the Nobel prize? 

Higher education in Sweden is 

fully subsidised by the state, and 

even foreign students are entitled 

to study for free. What’s more, 

with more than 450 master’s 

courses taught entirely in English, 

you won’t even have to learn a 

new language.

Be industrious
“I’d definitely encourage 

postgraduates to consider seeking 

industry sponsorship,” says Claire 

McAleer, who is working towards 

an engineering doctorate at the 

University of Southampton. 

Funding for McAleer’s studies 

comes largely from Rolls-Royce, 

where she spends much of her 

time working on ways to reduce 

the noise emitted by aircraft 

engines. “It’s much more 

interactive than a typical PhD,” 

she says. “You get to see how your 

research applies in an industrial 

context and how it’s useful in 

the real world.” Combining 

university education with 

industry placements can also 

give you valuable experience 

of the business world. “It opens 

a lot of doors for the future,” 

says McAleer.
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CASE STUDY: GOING 
THE EXTRA MILE
Sabine Bahn is director of the Centre 

for Neuropsychiatric Research at the 

University of Cambridge. The 

department has around £4 million of 

funds including a recent £2.5 million 

grant awarded by the Stanley Medical 

Research Institute, a US-based charity.

Despite such generous funding, 

much of which is for postgraduate 

studies, Bahn says the battle for research 

positions in her laboratory is very 

competitive. “I get up to 10 applications 

a week even without advertising. If I 

advertise I get hundreds.”

When she’s faced with so many 

candidates, it’s enthusiasm that makes 

one applicant stand out from the rest, 

says Bahn. “I’m not so interested in 

their CVs to be quite honest,” she 

admits. “They have to have read about 

what we’ve been doing and thought 

about it carefully. And most 

importantly, they have to have 

common sense and a clear idea about 

where they want to go.”

“I like those who want to prove 

themselves and be given a chance,” 

she says. True to her word, Bahn 

currently funds Yishai Levin who, 

despite having “mediocre” grades and 

no research background, spent the 

time and money to fly over from Israel 

to convince her in person that he could 

bring new skills to her team. “In such 

a large group I haven’t got time to do 

too much hand-holding so I need 

people who are self-motivated and can 

think independently.”

–Cash for the taking–



Feedback–

THE time has come to announce the 

results of our “Flirt with science” 

competition. Readers were invited 

to seduce the person of their dreams 

with a science-related chat-up line.

Feedback readers must be a romantic 

lot. The response to this competition 

was huge and the standard was so high 

that our first shortlist of possible 

winners was 60-strong.

Inevitably, some themes cropped up 

more than once. Of these, the concept 

of entanglement was probably the most 

popular, closely followed by variations 

on the idea of putting I and U together 

on the periodic table. We were also 

amused by the number of changes 

rung on the theme: “Is that a test tube/

bunsen burner/copy of New Scientist/

Erlenmeyer flask/pipette filler/50 ml 

Falcon tube/128-MB USB stick [isn’t that 

a bit unflattering?]… I see in your pocket, 

or are you just pleased to see me?”

Several readers sent us chat-up lines 

they had used themselves to good 

effect. This made us suspect that the 

beauty of a chat-up line can lie in the 

ear of the listener as much as in its 

intrinsic merit. “Do you know anything 

about computers?” may not fizz with 

flair, but it worked for Gail Skowronsky 

when she used it on a stranger who 

turned out to be an “amazing guy”. 

Graeme Nicholl achieved equal success 

with “So, you do geology eh?”. Using a 

less direct approach, Herb Petitjean 

sent an unknown friend-of-a-friend 

called Carolyn “a structural diagram of 

Chicken Tetrazzini” accompanied by 

the words “Do you know what this is?”. 

She did, and they have just celebrated 

their second wedding anniversary.

So does the effectiveness of a chat-

up line depend on saying the right 

thing to the right person at the right 

time? Undoubtedly – but wit and 

originality can count too, and that’s 

where our competition winners come 

in. Here, then, are our top 10 entries, as 

chosen from the shortlist by a poll of 

New Scientist staff. Younger readers can 

take heart from the list. Kirstie Brogan 

Grace’s subtle way of asking “Are you fit 

for fertilisation?” was one of 22 entries 

submitted by a class at Grays Convent 

School in Essex, UK. You’re never too 

young to win a Feedback competition.

Would there be any resistance if I asked 

to take you ohm?

Emma Byrne

London, UK 

I love the way you smell so different 

from my dad.

Toshi Knell

Nowra, New South Wales, Australia

Would kissing you increase global warming 

and damage the Arctic irreversibly, or is it 

just enough to break the ice?

Andy McCready

Sheffield, Yorkshire, UK

I’ve had my ion you.

Gary Duffala

Rio Rancho, New Mexico, US

Baby, you must be a start codon because 

you are turnin’ me on.

Jessica Swanson

Stratford, Prince Edward Island, Canada

I don’t wish to brag, but in several parallel 

universes I invented the internet, warned 

the world about global warming, ran for 

president and won the Nobel peace prize.

Yonatan Silver

Jerusalem, Israel

Hello, I’ve just taken part in the clinical trial 

of a new drug to help memory loss; could 

you tell me, do I come here often?

John French

Wellington, Somerset, UK

You are definitely the woman of my 

REM phase.

Giuliano Aluffi

Milan, Italy

Er… hello… um… er. Oh look! Our shoes 

have similar spectral characteristics.

Jon White

Rampton, Cambridgeshire, UK

Meiosis?

Kirstie Brogan Grace

Grays, Essex, UK

Each of these winners will receive a 

New Scientist goody bag consisting 

of: one 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. 

Congratulations to them all.

There were so many entertaining 

entries to this competition and it was 

so hard choosing the winners that we 

will publish 10 runners-up on 5 January. 

Meanwhile, we would like to thank 

everyone who entered the competition 

and also the thousands of you who 

have written to us during 2007 with 

comments and suggestions for stories. 

It is sadly impossible for us to reply to 

all your messages or use all your story 

ideas, but we do read and enjoy them 

all – and Feedback would be nothing 

without your contributions.

It only remains to wish all our 

readers compliments of the season 

and a happy 2008.

You can send stories to Feedback by email 

at feedback@newscientist.com. Please 

include your home address. This week’s and 

past Feedbacks can be seen on our website.
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DROUGHT in Australia, huge 

fires in California and floods 

in England. It was another year 

of extreme weather. Of course, 

none of these events is proof 

that the world is warming, but 

they certainly look like harbingers 

of climate change. The world 

may be getting warmer, but it 

certainly isn’t any cosier.

Dyed-in-the-wool climate 

deniers will doubtless still be 

arguing that sea levels are falling 

even as the waters start lapping 

at their ankles. But if 2006 

saw climate change firmly 

established on the political 

agenda, this year saw the first 

political fallout, when parched 

Australian voters finally got fed 

up with their epic drought. 

Climate was a key issue in 

the Australian general election, 

which saw the defeat of the prime 

minister John Howard, who had 

been one of the world’s leading 

champions of the climate sceptic 

cause. The new Labor government 

lost no time in signing up to the 

Kyoto protocol, leaving the US 

isolated among the world’s 

developed nations. 

It’s all serious stuff, so here’s 

our traditional antidote to the 

festive season – 11 questions 

drawn from this year’s crop 

of stories in New Scientist.

Flying high

1. From 2009, astronauts on the 

International Space Station will have 

a tasty new drink on the menu. 

What is it?

a) Water taken from the Banana river 
near Cape Canaveral
b) Beer – NASA’s astronauts swear 
by its diuretic effect
c) A cocktail of recycled human urine, 
sweat and rat pee

2. More than 70 million years ago 

the first feathered dinosaur took 

unsteadily to the air. How did this 

pioneer fly?

a) It had four wings, like a biplane
b) It could barely flap its wings, which 
is why it is such a common fossil
c) A feathered flap of skin between 
the fore and rear limbs was uncannily 
like a modern parachute

A little lubrication

3. The wine estates near Budapest 

go out of their way to encourage a 

black mould to grow on the cellar 

walls. Why is this?

a) It kills vinegar flies, which can 
sour even the finest vintage
b) Spraying with fungicide is 
impossible while storing such 
delicate wines
c) It keeps the cellar air fresh

4. Hangovers are an ever-present 

hazard at this time of year. So what 

do you blame the after-effects of 

overindulgence on? 

a) Water, it’s a bad idea to rehydrate 
too quickly
b) Acetaldehyde
c) It must have been that foul wine 
they served at the office party

Seasonal sizzlers

5. Any research that casts doubt on 

global warming is promptly seized 

on by climate sceptics, including one 

study last year that seemed to show 

the surface of the oceans was 

cooling. Now it turns out the 

measurements were wrong. Why? 

a) The sensors had faulty pressure 
gauges, so they sank into deeper 
and cooler water
b) The sensors failed to correct for 
the wetter atmosphere, itself caused 
by global warming
c) No one knows, but if the oceans 
are cooling why did the North-West 
Passage open this year?

6. It’s time for those New Year’s 

resolutions. Which of these will 

do most to help save the planet?

a) Reducing your intake of beef by 
1 kilogram a month
b) Cutting your driving by 
200 kilometres a month 
c) Writing your resolutions on a sheet 
of paper and then recycling it

Athletic endeavours

7. The triremes of ancient Greece 

had a phenomenal turn of speed. 

The ships could travel at 8 knots 

for 16 hours or more, yet modern 

replicas can’t keep up this speed for 

more than a minute. How did the 

ancients achieve this?

a) The pine resin used to seal the 

trireme’s wine flagons contained 
thiamine, which boosted the 
oarsmen’s muscle power
b) The streamlined design of the 
ships’ battering rams, attributed to 
the sea god Poseidon
c) In those days men were gods, 
and with much more powerful 
muscles the oarsmen outperformed 
modern athletes

8. Sports administrators clamping 

down on performance-enhancing 

drugs face a problem, as the next 

generation of substances promises to 

be virtually undetectable. What is it?

a) Ginseng, when suitably diluted, 
is a homeopathic stimulant
b) A placebo
c) The steroid THG, which cannot be 
detected by most existing tests

Miscellany

9. Astrologists say people born under 

the sign of Cancer, like George W. 

Bush, are touchy, arrogant and 

dogmatic. And that’s just their good 

points. So what trait do scientists 

say Cancerians have?

a) A good grasp of geography
b) They tend to be climate sceptics 
c) They are more likely to be dyslexic 

10. At this time of year, people living 

under the wintry skies of Europe and 

North America look enviously towards 

the sunny southern hemisphere. Why 

is a little sunbathing good for you?

a) It melts cellulite, making 
liposuction more effective
b) It helps to ward off skin cancer
c) It isn’t healthy at all, it just feels 
that way

End of year quiz 
Answers

1.c, 2.a, 3.c. 4.b, 5.a, 6.a, 7.c, 
8.b, 9.c, 10.b. Picture question: b 

How you scored

The scoring system works on the 
principle of Snakes and Ladders. 
You get 10 points for every right 
answer, you lose 10 points for 
every wrong answer. So if you 
score more than zero you have 
a good excuse for another 
modest celebration. 

Bananas are the tastiest of snacks for an orang-utan. 

So how do our smart relatives convey their innermost desires? 

a) They draw a picture of a banana with a stick in the sand
b) They are mime artists, signing “bananas” with all the expertise of 
the late Marcel Marceau
c) They throw a tantrum, knowing that someone will produce a banana 
just to shut them up 

D
AV

ID
 S

A
N

G
ER

/D
D

R
.N

ET


	Editorial
	In the nick of time

	This week
	How climate drama unfolded in Bali
	Faster, faster, time is running out!
	How blind people see sunrise and sunset
	Dolphins have a word for it
	Animal lab mishaps ‘go unreported’
	This week 50 years ago
	How Asian flu went global
	Free radicals in tobacco smoke

	Menopause sets us apart from chimps

	2007
	Warming to a theme
	...while a country bakes
	Dead fat
	Final farewell
	Satellite killer
	The void
	Buzzed off
	The North is mine
	Earthly insights
	Sshhh...
	A right to a life
	In a universe far far away

	Technology
	Sports car crashes hurt more
	UK cuts collider contributions
	Green light for marine algae
	There’s something nasty in the air
	The robot that learns like a child

	Comment and analysis
	The greening of healthcare

	Letters
	Every cell is sacred?
	Trade whose emissions?
	Reason or religion
	Not even probable
	China in a bull shop
	Drugs work sometimes
	It’s in the mix
	Nota bene
	Silent night
	Enigma
	Nativity places


	The Santa delusion: Is it harmless fantasy or cruel deception?
	Burn-proof billy: The tale of a town, its firebugs, a straw goat and its saviour
	Pigged out

	Death by chocolate: Could a love of chocolate ever amount to a fatal attraction?
	Extreme overhang: With a simple pile of bricks you can work an engineering wonder
	Teetering towers

	Some like it hot: …but food this fiery needs a health warning
	Watch outbelow!: What makes hailstones the size of basketballs fall from a clear blue sky?
	No storm required

	Expletive deleted: Things not going too well this holiday…?
	Mind your language
	Don’t wear it out

	The D’oh! of tech
	The trouble with rockets
	Memory scramble
	Back to the future
	Goodbye yellow submarine
	A matter of perspective

	Eau de bee: Why do male orchid bees devote their lives to making exotic perfumes?
	Perfume wars

	What a duet for a girl and goatherd: There’s more to yodelling than meets the ear
	The yodelumpeter

	Mega mouthy: Which sex just can’t stop talking?
	Hogging the conversation

	The big sleep: Why are dinosaurs always found in the same position? There was only one way to find out…
	Don’t try this at home

	Family trees: Forget the lonesome pine, it seems that plants have a social life after all
	Friend or foe?

	That settles it: How to play rock, paper, scissors… and win!
	Watch this: Your guide to the best videos online
	Interview
	The discreet charm of nematode worms

	Perspectives
	Life on the wheel of consciousness
	The hypnagogic
	The slow wave
	The lucid dream
	Life on the wheel of consciousness
	The trance
	The sensory-motor rhythm


	Histories
	Love among the fossils

	Commentary
	From ‘pro-life’ to anti-ethics

	Bookends
	Out of this world
	Fringe festival

	The insider
	Show me the money!
	Take on the competition
	Do it for charity
	Tick the right boxes
	Ask the boss
	Hit the road
	Be industrious
	Get a loan
	Don’t be parted from work
	And if all else fails…
	Case study: Going the extra mile


	Feedback
	End of year quiz
	Flying high
	A little lubrication
	Seasonal sizzlers
	Athletic endeavours
	Miscellany




