




Editorial–

MORE than a decade after the first commercial 

plantings of genetically modified crops, the 

same old disagreement rumbles on. On one 

side stand agribiotech companies, arguing 

that crops engineered to produce insecticidal 

proteins or resist herbicides boost yields in an 

environmentally friendly way. Opposing 

them are advocacy groups who charge that 

these crops, or the farming practices they 

encourage, threaten biodiversity. 

As New Scientist has previously observed 

(  21 January 2006, p 10 ), 10 years is a long time 

to be having the same argument. Now the 

dispute is about to spread onto new and crucial 

territory. Biotech firms say the next generation 

of GM crops will not only help maintain yields 

in the face of climate change but also reduce 

agriculture’s sizeable contribution to global 

warming (see page 28). Such momentous 

claims demand further investigation. The 

crops may pose novel risks, and these too need 

to be scrutinised. All of this will need a shift 

in the way research into the environmental 

consequences of new crops is organised.

The best-known environmental test of 

GM agriculture came from the UK’s “farm-

scale” evaluations of crops engineered to 

withstand herbicides. Ecologists studied 

how the herbicide spraying regimes affected 

biodiversity – something of particular 

concern in a crowded land where wildlife 

and agriculture exist side by side. After four 

years and at a cost of around £5 million, the 

first results were released in 2003. Two of the 

crops reduced farmland biodiversity, while 

one – herbicide-tolerant maize – boosted it 

(  New Scientist, 25 October 2003, p 21 ).

This was a remarkable experiment, but 

it also demonstrates what is wrong with the 

relationship between regulation and research. 

The evaluations were commissioned late 

in the day, when the crops were poised for 

commercial introduction. It would have been 

far better to have investigated the issues 

several years before.

The intensity of the GM wars that 

gripped Europe in the late 1990s may have 

taken regulators by surprise, but this time 

round there is no excuse for not thinking 

ahead. We know that agribiotech companies 

are working on crops engineered to tolerate 

drought and salt, or to extract nitrogen from 

soils more efficiently. Here the concerns 

do not relate to chemical spraying or other 

farming practices; the issue is whether the 

crops themselves, or relatives with which 

they might exchange genes, could become 

invasive species or persistent weeds.

Plants that acquire the ability to take up 

more nitrogen should not pose much of a 

problem in natural ecosystems, as they only 

gain an advantage when nitrogen levels in 

soil are increased with fertilisers – though 

they could become 

a pest down on 

the farm. Genes 

for drought and 

salt-tolerance are a 

different matter. They 

might create highly 

invasive plants that 

could monopolise 

fragile arid or saline 

ecosystems.

This does not, 

however, mean we need dozens more trials of 

the magnitude of the farm-scale evaluations. 

Much can be done in smaller experiments 

which can be run for just a few hundred 

thousand dollars. Ecologists could identify 

the wild relatives of engineered crops, 

acquire baseline data on the factors that limit 

where they grow, and then run small field 

experiments to see how things change when 

they are given genes for tolerance to drought 

and salty soils.

Some pertinent projects are under way, but 

budgets are small and across the world there 

is too little coordination between government 

and academic scientists, regulators and 

biotech companies to ensure that research is 

focused on the traits, genes and crop species 

that are in the commercial pipeline. Part of 

the problem is companies’ desire to keep their 

work confidential, but governments share 

the blame for a failure of joined-up thinking: 

too often regulators and research funding 

agencies plough their own furrows.

Finally, we need to recognise that it is 

the trait that matters, not how the gene 

responsible gets into a crop. GM technology 

is not the only option: varieties tolerant 

to drought and salt are being produced by 

conventional breeding as well. Existing 

regulatory frameworks would allow these 

to be put on the market with barely any 

consideration to potential ecological risks. 

That, too, needs to change.  ●

“Genes for drought 
and salt-tolerance 
might create 
highly invasive 
plants that could 
monopolise fragile 
ecosystems”

Let’s get it right this time
A new generation of genetically modified crops is on the horizon
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This week–

IT IS one of the biggest questions 

confronting physics: why is our 

universe the way it is? If some of 

the fundamental laws were even 

slightly different, our universe 

would be a strange and lethal 

place. Instead, it seems exquisitely 

tuned to make life possible.

So far, string theory, the 

leading contender for a “theory of 

everything”, has failed to explain 

why this should be so. The best it 

can offer is that our universe is 

not particularly special because 

the big bang could have produced 

any one of a staggering number of 

vastly different universes, all just 

as likely as each other. “The 

anthropic approach is to say that 

all are real and we just happen to 

be living in one of them,” says 

string theorist Michael Duff of 

Imperial College London.

Now, a group of 

mathematicians  has explored 

the geometry underlying string 

theory’s many predicted 

universes , and say the theory 

could lead us to a single universe 

after all.  Things may have started 

out much stranger at the big bang, 

they speculate, but some physical 

mechanism might have nudged 

our universe towards its present 

form. If correct, the idea could 

finally help string theory explain 

why our universe is the way it is.

According to string theory, all 

particles and forces arise from the 

vibration of tiny “string-like” 

objects. For the theory to work, 

they have to vibrate in 10 

dimensions, not the four familiar 

dimensions of space-time. 

Physicists explain that we don’t 

experience these extra dimensions 

because they are “folded” down 

so small as to be invisible. 

Mathematically, you can 

fold these dimensions in lots of 

different ways, and therein lies 

the rub: solving the string 

equations for each type of folding 

results in a different universe, 

with its own specific type of 

vacuum and fundamental 

constants and laws. According to 

string theory, ours is just one of 

10500 possible universes, most of 

which would probably be hostile 

to life. For example, if the force 

binding quarks in atomic nuclei – 

the strong nuclear force – were 

just a tad stronger, two protons 

would stick together to form a 

“di-proton”. This would lead to 

a universe without hydrogen – 

which has only one proton – and 

consequently no water. 

Of course, not all string 

theorists are bothered by the 

“theoretical landscape of 

universes”. “I don’t think it is 

incumbent upon string theory 

to solve the problem of the 

landscape,” says Andrew 

Strominger of Harvard University. 

“If we can’t make the landscape 

go away, it doesn’t mean that 

string theory is wrong. It just 

means it is not a complete 

solution to all our problems.” 

However, string theory’s 

prediction of many universes 

infuriates its critics, who have 

slammed it as incorrect and over-

hyped. What use is a theory that 

cannot pick out the “real” 

universe from the theoretical 

landscape? Some have derisively 

called it the “theory of anything”. 

Even Strominger admits that 

discovering string theory can 

single out our universe after all 

would be spectacular. “We’d all be 

jumping up and down for joy,” 

he says.

Mathematicians Philip 

Candelas, Xenia de la Ossa, Yang-

Hui He and Balázs Szendröi at the 

University of Oxford set out to do 

just that. “Increasingly, we were 

dissatisfied with this landscape 

picture,” says Candelas, “and the 

fact that people say rather too 

easily that string theory has no 

predictive power.” 

They started by studying the 

geometry involved in the folding 

of string theory’s 10 dimensions 

down to four. One way in which 

mathematicians fold, or 

“compactify”, these extra 

dimensions is to use a 

geometrical construction known 

as a Calabi-Yau manifold. And 

because each way of folding the 

dimensions produces a different 

universe, each of the myriad 

known manifolds can serve as 

proxy for these universes. 

The group placed all of the 

known Calabi-Yau manifolds 

on a diagram, plotting their 

topological complexity – for 

instance, how twisted and 

contorted the manifold is – 

against their “Euler number”, 

which mathematicians use to 

dictate how the extra dimensions 

can be compacted (www.arxiv.

org/abs/0706.3134).

The plot turned out to have 

the shape of a cone (see Diagram, 

right). Intriguingly, the team found 

that several of the manifolds in 

the sparsely populated tip of the 

cone seemed to generate universes 

like our own. “It is not as if we 

How the universe 
turned out this way
Slammed for their failure to explain how our particular 
universe came to exist, string theorists are fighting back

“The universe might have started 

out completely differently and 

been transformed, giving rise to 

the universe as we know it”
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set out to find them [in that 

specific location],” says Candelas. 

“These manifolds were found 

from completely different 

considerations and the people 

who found them didn’t have 

these diagrams.” They call the 

tip of the cone a “special corner” 

of string theory’s theoretical 

landscape.

When the team looked more 

closely at some of the manifolds 

at the tip, they found that they 

could be geometrically 

transformed into other 

manifolds. In other words, one 

manifold with a certain number 

of “holes” and twists in its shape 

and structure could be 

mathematically transformed into 

another’s shape and structure. 

Previously, researchers had 

assumed that you could not 

make such transitions. 

“This gives us an interesting 

 In this section
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speculation,” says He. “No 

matter where you start in this 

landscape  of possible manifolds, 

there is a way to trickle down 

through to the very tip, through 

this series of geometric 

transitions.” This means that 

the universe might have started 

out completely differently – 

anywhere on the diagram – and 

been transformed, through a 

series of transitions, from one 

Calabi-Yau manifold to another, 

ending up at the tip. This would 

give rise to the universe as we 

know it, allowing string theory to 

at last confound its critics and 

single out our universe as a 

favoured configuration. “The 

debate then becomes not why do 

we have the world that we have 

but, rather, why do we live on the 

[tip],” says Candelas.

Cosmologist and string 

theorist Joseph Polchinski of the 

University of California at Santa 

Barbara calls the mathematicians’ 

work “neat”. “Maybe it gives us a 

clue,” he says. Strominger calls the 

maths “beautiful”.

However, Duff thinks that 

reshaping the question to “why 

we live at the tip” is actually one 

of the work’s limitations. “The 

obvious weakness is that they 

have swapped one mystery 

for another: what causes the 

transitions and what dynamical 

mechanism drives the universe 

into our particular corner?” 

Nonetheless, he says that Candelas 

and his colleagues make “some 

mathematically sound and 

interesting observations”. He adds 

that “some of this was known, but 

they have articulated it more 

clearly and in greater depth than 

had been done before”.

Candelas agrees that they still 

need to show what might drive a 

universe to make the transition 

from one form to another. 

“Perhaps the universe is 

minimising something, but we 

don’t know what it is,” he says. 

One possibility for an aspect 

of the universe that could be 

minimised comes from a higher-

dimensional topological feature 

of Calabi-Yau manifolds called 

“handles”, which are also related 

to their Euler numbers. All 

manifolds have them. Polchinski 

points out that the manifolds in 

the tip of the cone identified by 

the Oxford group have the 

smallest number of handles. 

“[These universes] are 

topologically simpler,” he says. 

“If the early universe somehow 

favoured transitions that 

removed handles, rather than 

adding handles, then you would 

have a mechanism that would 

drive you towards the bottom [of 

the cone].” This idea is similar to 

a mountain stream with high 

potential energy that moves 

downhill due to gravity until 

it reaches the sea, where its 

potential energy reaches 

a minimum. 

While the mathematicians 

concede that their idea is a 

long shot, discovering more 

transitions between the various 

manifolds should soon tell them 

if they are onto something, 

especially if physicists could also 

identify plausible physical 

mechanisms that could drive 

these transitions. “If you can show 

that they all trickle down, then 

you should be looking at a unique 

[universe]. There should really be 

only one that looks like the real 

world,” says He. “This is our 

grand hope.”  ●

“If you can show that all possible 

universes ‘trickle down’, there 

should really be only one that 

looks like the real world”

Each universe is represented by a manifold 

(below), which describes how the extra 

dimensions predicted by string theory 

might be folded up. Different manifolds 

result in universes with different properties

HOW OUR UNIVERSE MAY HAVE EVOLVED

One interpretation of string theory suggests that our life-friendly universe could have descended from one of a huge range of initial configurations, 

through a number of transformations. A universe such as ours might be the favoured result of such a process
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This week–

SEX has probably been a 

commodity for as long as human 

society has existed, and perhaps 

even longer. The “oldest 

profession”  seemingly has pre-

human evolutionary roots. “When 

the opportunity arises, male 

macaque monkeys groom females 

to ‘pay’ for sex,” says Michael 

Gumert of Nanyang Technological 

University, Singapore.

Gumert looked at research 

on a 50-strong group of long-

tailed macaques in Kalimantan 

Tengah, Indonesia, that covered a 

20-month period. He found there 

was an increase in sexual activity 

after bouts of male-to-female 

grooming. On average, females 

had sex 1.5 times per hour, but 

immediately after being groomed 

by a male partner, this rate 

jumped to 3.5 times per hour. 

After grooming, the female was 

also less likely to offer herself to 

males other than her grooming 

partner (Animal Behaviour, DOI: 

10.1016/j.anbehav.2007.03.009).

“My interest in this study 

 stemmed from Trivers’s theory of 

reciprocal altruism,” says Gumert. 

In the early 1970s,   Robert Trivers  

suggested that an organism will 

provide a service benefiting 

another, as long as it gets 

something back at a future date. 

But Gumert suspected that if the 

payback involved sex, the value 

would vary depending on the 

context – like all commodities 

in economics – a finding not 

predicted by reciprocal altruism. 

Sure enough, if there were 

several females in the area, the 

value of sex would drop – a male 

could “buy” a female for just 

8 minutes of grooming. But if 

there were fewer females than 

males in the area, a male 

would have to groom his partner 

for up to 16 minutes before sex 

was offered.

A two-player interaction, 

such as is usually considered in 

reciprocal altruism studies, 

doesn’t make sense in this 

“general mating market”, says 

Ronald Noë of the University of 

Strasbourg, France. Noë and Peter 

Hammerstein of Humboldt 

University in Berlin, Germany, 

formulated biological market 

theory to better explain the 

kind of social behaviour Gumert 

identified in macaques. Market 

forces have a powerful influence 

on behaviour, says Noë. “There 

is a very well-known mix of 

economic and mating markets 

in the human species itself,” he 

says. “There are many examples 

of rich old men getting young 

attractive ladies.”

Yet prior to Gumert’s study, 

the evidence that   market forces 

influence mating in nature has 

been scant – the only other clear 

example was in wood mice . 

“Many studies that fail to find 

biological market effects were 

performed in captivity,” says 

Gumert. “It is quite possible that 

the confinements of captivity 

alter or remove the effects of a 

social market.” For instance, there 

is no migration within captive 

communities, so the value of 

commodities such as sex remains 

stable, which makes market forces 

difficult to identify, he says.

Gumert says macaque males 

are very “short-termist” in their 

thinking. “Some work is showing 

that monkeys really don’t have 

the capacity to wait for long-term 

trades and therefore trades 

probably only occur in the 

immediate sense,” he says.  ●

Macaques prepared 
to pay for sex

“If there were fewer females 

than males, a male would 

have to groom his partner for 16 

minutes before sex was offered”

M
IC

H
A

EL
 G

R
U

M
PE

R
T

COLIN BARRAS

IT WAS billed as one of the biggest 

drilling disasters in recent history. 

Yet now it seems we were too quick 

to point the finger.

On 29 May 2006, a mud volcano 

erupted near the village of Sidoarjo 

on Java, Indonesia. Thousands were 

evacuated as boiling mud engulfed 

houses, factories and farmland. The 

blame immediately fell on Lapindo 

Brantas, an oil and gas company drilling 

just 200 metres away when the volcano 

started to erupt, and it was ordered to 

pay nearly $500 million for the damage. 

Now, 19 months on, the volcano known 

as Lusi is still erupting, spewing some 

70 million litres per day. 

In early 2007, a team led by Richard 

Davies at Durham University in the UK 

suggested that Lapindo Brantas may have 

been at fault   (New Scientist, 2 February, 

p 8).  The team reasoned that drilling must 

have pierced a limestone formation 

3 kilometres beneath the surface. This 

puncture could have released a high-

pressure torrent of water, which shot up 

through the borehole, mixing with muddy 

rock on its way and emerging as a slurry.

A team led by Adriano Mazzini of the 

University of Oslo in Norway now has a 

different explanation. They say the 

disaster was probably triggered by a 

magnitude 6.2 earthquake that struck 

two days before the first eruption. From 

the start, Mazzini believed Davies’s 

conclusion was circumstantial, based only 

on the proximity of the drilling platform. 

When he visited Sidoarjo he found 

no limestone in the mud. Instead, he 

concludes  it contained shards of clay-rich 

rock called mud breccia. 

What’s more, he found that Lusi and 

three other nearby mud volcanoes lie on 

a major fault. “It’s very typical around 

the world for mud volcanoes to occur 

along faults and to be triggered by 

seismic events,” says Mazzini, who 

presented his research at the annual 

meeting of the American Geophysical 

Union in San Francisco last month. 

Recent spikes in Lusi’s eruptions appear 

to be linked to seismic activity, he says. 

“I have a very open mind that the 

drilling may have done something, but 

there’s no geological evidence for that,” 

he says. “The solid evidence indicates an 

earthquake.”  Michael Reilly  ●

Questions raised 

over trigger for 

mud volcano
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ADRIAN QUINTERO is a 

transgender person with strong 

feelings about pronouns. “Our 

language really needs words to 

acknowledge folks who do not feel 

included in the gender binary,” 

says Quintero, who uses the 

pronouns “ze” (or “zie”) and “hir”, 

because “they have the freedom 

to mean something other than, or 

in addition to, male and female”. 

Quintero’s mother, Elaine 

Stotko, shares this interest. A 

linguistics expert at Johns Hopkins 

University in Baltimore, Maryland, 

she was fascinated when in 2004 

a teacher in her Linguistics for 

Teachers class asked, “Have you 

ever heard kids using ‘yo’ when 

they mean he or she?”

About half the teachers taking 

the course had also heard “yo” 

used in this way, leading Stotko 

and Margaret Troyer (one of the 

teachers) to research this 

development, which they have 

now documented in the linguistics 

journal American Speech, DOI: 

10.1215/00031283-2007-012).

They found that from at least 

2004 to the present day, middle-

school and high-school students 

in Baltimore have been using 

“yo” as a gender-neutral 

personal pronoun in sentences 

such as: “Yo put his foot up” and 

“Yo looks like a freak”.

The lack of gender-neutral 

substitutes for “he”/“she” and 

“his”/“her” has bothered people 

for at least two centuries, and 

“zie” and “hir” are just two of 

many invented words, including 

“ter”, “ip” and “thon”. If such 

words are not familiar, it is 

because they – like all attempts 

to coin a gender-neutral personal 

pronoun – have failed miserably. 

Dennis Baron, a professor of 

English and linguistics at the 

University of Illinois at Urbana-

Champaign, who has written 

extensively about this history of 

failure, says the emergence of “yo” 

is remarkable because it seems 

to be a spontaneous grass-roots 

phenomenon. “Most of the gender-

neutral pronouns are artificial 

coinages that are then marketed – 

unsuccessfully – to users,” he says.

To make their case, Stotko and 

Troyer had to distinguish this new 

use of “yo” from interjections, 

such as “Yo, Adrian!”, and 

abbreviations of “you” or “your”, 

such as “Yo mama”. As well as 

listening for spontaneous uses of 

the word, they asked students to 

fill in cartoon captions, judge the 

authenticity of sentences, and 

make up conversations. 

Both researchers agree that 

a sentence-translating exercise 

produced compelling results. 

“They translated yo as he/she 

pretty consistently,” says Troyer. 

“This showed me that students 

are not only using a new slang 

word because it’s cool; they are 

actually aware of the meaning 

of what they are saying.”

Whether “yo” catches on 

more widely, even among people 

who support gender-neutral 

language, remains an open 

question. “It sounds crass and 

disrespectful,” says feminist 

scholar  Brenda Wrigley. “It is 

something a younger person 

would shout down the street as 

a greeting, but not something 

I’d like to see used in writing.” 

While the prospects of “yo” 

being accepted into the established 

family of pronouns appear slim, 

Baron doesn’t rule it out. “All it 

takes is a way to break out of the 

narrow range of use into the 

broader community of speakers, 

and while that’s not likely, it could 

happen.”  Mark Peters  ●

‘Yo’ is the word when 
‘he’ or ‘she’ won’t do

–I am, you are, yo is–
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“The lack of a gender-neutral 

personal pronoun in English 

has bothered people for 

at least two centuries”

THEY may be simple bacteria, but 

they have an expert take on the 

principles of fluid dynamics. 

Bugs such as Escherichia coli move 

by rotating a rod-like flagellum that 

trails from their cell wall. Experiments 

now show that this swimming stroke 

is no wild flailing, but a subtle 

technique to maximise thrust.

To model the movement of a 

bacterium’s flagellum through water, 

mechanical engineer Bian Qian and 

colleagues at Brown University in 

Providence, Rhode Island, lowered 

an elastic rod into oil – they used oil 

as it simulates the viscosity of water 

at the scale of bacteria. The top end 

of the rod was connected to a motor 

and the rod was set at a slight angle 

before being rotated. 

At slow speeds the rod remained 

rigid, tracing out the surface of a 

cone – as a weighted piece of string 

might if the weight swung in a circle. 

This simple motion provides no net 

thrust, but only forces that change 

direction and cancel each other out 

during each rotation.

At higher speeds, however, things 

get interesting. First, the flexible rod 

begins to bend a little because of the 

friction caused by its movement 

through the liquid. This creates a 

very small net force. But then, at a 

critical speed, the friction on the rod 

becomes large enough to deform it, 

abruptly, into a corkscrew formation. 

At this point, the experiments show, 

the thrust it produces increases 

sharply, due to the way fluid flows 

around the helical structure.

Powers says the results confirm 

earlier computer simulations 

suggesting that the deformation 

of a rotating appendage is key to 

producing significant thrust. 

“Flagella aren’t only flexible; they 

have the helical shape built in,” says 

team-member Thomas Powers. This 

means flagella can exploit this trick 

of fluid dynamics even at slower 

rotation speeds. The research is 

available online (  www.arxiv.org/

abs/0712.0326 ).  Mark Buchanan  ●

How bacteria’s 

flagella whip up 

a thrust storm
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This week–

ENZYMES are the workhorses 

of biology. Without them, the 

chemical reactions that make 

each organism tick would proceed 

at a snail’s pace. Yet despite their 

crucial function, many secrets of 

how they work are still emerging, 

and now a computer simulation 

suggests they may have a hitherto 

unknown way of gathering energy 

that can then be used to help 

speed a reaction on its way.

Enzymes usually acquire 

the energy needed to catalyse a 

reaction between two substrates 

by splitting energy-rich molecules 

such as adenosine triphosphate 

(ATP). However, physicist Brice 

Jaunico of the École Normale 

Supérieure in Lyon, France, and 

colleagues suspected that they 

may also acquire some energy 

another way.

They created a computer 

simulation of the vibrational 

dynamics of enzymes in which 

they treated each enzyme as a 

network of interacting parts. 

They then explored how energy 

that is pumped into this system – 

through a collision with another 

molecule, for example – causes 

the enzyme to deform and vibrate. 

From what we understand of 

the structure of enzymes, such 

energy should quickly spread, 

diffusing as a wave of vibration 

through the whole structure 

before draining away into the 

surrounding environment. Yet 

in their simulations, Juanico and 

his team found otherwise. In 

many enzymes, the energy often 

remained localised, locked into 

the vigorous motion of just a few 

parts of each molecule. 

Such localised vibrations are 

called “breathers”, and are known 

to exist in ordered crystalline 

materials, where they can keep 

energy locked up for long periods 

of time. “It was a surprise to 

find breathers in the complex 

structures of enzymes,” says 

Yves-Henri Sanejouand, one of 

the Lyon team. The researchers 

suggest that the breathers 

may lock in energy within an 

enzyme until it is needed to help 

catalyse a reaction (Physical 

Review Letters, DOI: 10.1103/

PhysRevLett.99.238104).

The breathers occur in the 

parts of the enzyme molecules 

that are most likely to retain their 

shape. From data on more than 

800 enzymes, the team found 

that these rigid regions also tend 

to be close to the sites where 

biologists know specific molecules 

bind before they react. From this 

they infer that breathers may help 

to gather energy from the random 

collisions of an enzyme with 

other molecules, and focus it 

precisely where it can help 

reactions along. “They may play 

an important role in enzyme 

function,” says Juanico.

Michel Peyrard, a colleague 

of the researchers at the École 

Normale Supérieure, agrees, but 

also cautions that the identified 

link between breathers and 

catalysis could be less significant 

than it seems. After all, catalytic 

sites are more rigid than normal, 

as they need to have a fixed shape 

in order to bind to the molecules 

whose reactions they catalyse.

The researchers hope further 

simulations and experiments can 

help to pin down what functional 

role, if any, breathers might 

play. “It could prove to be a 

coincidence,” says Sanejouand, 

“but it might not be.”  ●

The secret life of 
enzymes revealed

–Why travel if you don’t need to?–

FL
IP

 N
IC

K
LI

N
/M

IN
D

EN
 P

IC
TU

R
ES

8 | NewScientist | 5 January 2008 www.newscientist.com

NOT all sea turtles undertake epic 

migrations, contrary to what you 

might think, a fact that could help 

efforts to conserve them. Green sea 

turtles living off the remote Cocos 

Islands in the Indian Ocean travel 

only short distances every year to 

new feeding grounds – a trek of 

between 200 and 3000 kilometres is 

standard for turtles in other colonies. 

Scott Whiting of Biomarine 

International, a consultancy based at 

Charles Darwin University in Darwin, 

Australia, used satellite tracking 

to study six female green sea turtles 

breeding on North Cocos Island. After 

laying its eggs, each turtle swam only 

about 35 kilometres to feed around 

the South Cocos atoll, a trip that took 

an average of just a few days. No 

other tracking studies have shown 

turtles living in such a small area, 

says Whiting. He suspects the turtles 

do not stray far from the nesting site 

because they are lucky enough to 

have feeding grounds so close by.

The shorter migration made by 

the Cocos turtles would seem to 

give the colony an advantage as it 

helps to reduce the females’ stress, 

allowing them to breed every year 

and thus produce more young, 

Whiting says. Other sea turtles 

that migrate longer distances only 

breed once every three to nine 

years, as females take time to store 

enough energy for the epic trip. This 

limits the number of hatchlings 

and makes turtles particularly 

vulnerable to human activities 

(Naturwissenschaften, DOI: 10.1007/

s00114-007-0327-y).

Conservation of the Cocos turtles 

is easier to manage than in other 

colonies as a result of this, because 

they spend their lives in an area 

governed by one country – 

Australia – rather than migrating 

between areas in different countries.

“It’s a fabulous finding, and 

they’re spot on about the conservation 

implications,” says Brian Bowen of 

the Institute of Marine Biology, 

University of Hawaii. However, 

conserving the turtles will be a 

moot point if there are no islands 

left. Whiting points out that the 

Cocos Islands are no more than 

3 metres high, making the nesting 

grounds vulnerable to rising sea 

levels.  Jeff Hecht  ●

Some sea turtles 

are of a homely 

persuasion

“Localised vibrations may help to 

gather energy from the random 

collisions of an enzyme with 

other molecules, and focus it”

MARK BUCHANAN



to claim carbon credits. So far 

most have been claimed for 

growing forests, which lock up 

tens of tonnes of CO2 equivalents 

per hectare per year, until the 

trees reach maturity. 

According to Sullivan, the best 

sugar cane cultivar tested so far 

can lock up 0.66 tonnes of CO2 

equivalents per hectare per year, 

and will do so year in, year out. 

The practice has the potential 

to become far more widespread 

than growing trees, as since food 

crops are a necessity it would 

allow farmers to keep earning 

ago by a layer of volcanic ash, 

which prevented the addition of 

any more organic matter. Sullivan 

and Parr found the longer a soil 

had been buried the greater the 

proportion of carbon contained in 

the phytoliths compared with the 

rest of the soil, suggesting other 

carbon sources, such as humus, 

release carbon dioxide more 

rapidly than the phytoliths. 

They also screened 200 plant 

types, including 24 cultivars 

of sugar, sorghum and wheat, 

and found large differences in 

their abilities to store carbon 

in phytoliths. That raises the 

possibility of farmers earning 

money in carbon credits for 

changing to crops that store the 

most carbon. Sullivan and Parr 

reported their findings at two 

meetings last year, in   Poitiers, 

France , and   Cologne, Germany .

“Existing cultivars vary 

greatly in their ability to sequester 

carbon. If you decide 

to use the ‘Goldrush’ sorghum 

cultivar you can increase the 

amount of carbon sequestration 

threefold,” says Sullivan.

Under the Kyoto protocol, a 

change in farming practice that 

reliably stores carbon can be used 

ONE way to cut greenhouse gas 

levels in the atmosphere may 

be to exploit a particular talent 

some plants have of locking 

away carbon. All we need to do is 

choose the right strains of crops 

to grow, and they will sequester 

carbon for us for millennia.

That’s the idea of two 

agricultural scientists in 

Australia, who say the trick is to 

grow grasses such as wheat and 

sorghum, which lock up large 

amounts of carbon in so-called 

plantstones, also known as 

phytoliths. These microscopic 

balls of silica, which form around 

a plant’s cells as they take the 

mineral up from the soil, may 

help to strengthen the plant and 

protect it from disease.

As phytoliths form, they 

also lock up carbon by trapping 

scraps of plant material. They 

are practically indestructible, so 

once the plant dies they enter 

the soil where they may sequester 

carbon for thousands of years, say 

Leigh Sullivan and Jeff Parr of 

Southern Cross University in 

Lismore, New South Wales. 

They compared 200-year-old 

soils in Papua New Guinea with 

soils buried 400 to 4000 years 

…while others lock 
carbon away for years

–A long-term fix–

income from food crops while not 

tying up land for decades.

“It wouldn’t require the farmer 

to do too much that is different. 

The amount of carbon [per 

hectare] is quite small, but it 

would be significant over a large 

area of production,” says Matthew 

Warnken of the consultancy 

Crucible Carbon in Sydney.

The next step is to assess how 

plants that are better at storing 

carbon in phytoliths fare in terms 

of crop yield and quality. “So far 

our studies of wheat and sorghum 

suggest that there is no trade-off 

between yield and carbon 

sequestration,” says Sullivan.

Strains could be bred with 

enhanced ability to produce 

phytoliths, or genetically modified 

to do so.  Rachel Nowak, Melbourne  ●
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AS THE world warms, the plants that 

billions of people depend on for their 

food are likely to become less 

nutritious. That’s the worrying 

conclusion of an analysis of more 

than 40 studies investigating how 

crops will react to increasing levels of 

carbon dioxide in the atmosphere. 

This comes on top of the damage 

done as   global warming leads to 

more floods and droughts , causing 

ever more frequent crop failures in 

poor countries. Now it seems that 

even in the crops that survive, the 

changes in the atmosphere that 

affect the global climate will also 

cause plants to produce less protein. 

Past attempts to link these 

changes to crop yields have produced 

notoriously variable results. Even 

small variations in growing 

conditions – whether a plant is 

located in the ground or in a pot, for 

example – can have a big impact. 

Now new techniques are starting 

to overcome this problem. By 

controlling the amounts of different 

gases being sprayed over crops grown 

in the open air, researchers are able 

to build up more reliable data. 

In an effort to further reduce 

the uncertainty, Daniel Taub and 

colleagues at Southwestern University 

in Georgetown, Texas, combined 

results from around two decades of 

such work. Their findings make 

disturbing reading. For wheat, barley, 

rice and potatoes, protein levels fell 

by 15 per cent when CO2 levels were 

high. The change happens in part 

because as plants incorporate more 

carbon they produce carbohydrate at 

the expense of protein.

Many people in rich nations get 

most of their protein from meat, but 

in around 30 poorer nations Taub 

estimates that people rely on the 

crops he studied for around half of 

their dietary protein. In Bangladesh, 

almost 80 per cent of people’s 

protein comes from these crops.

The changes Taub found could 

have a dramatic impact on nutrition 

levels – but disaster can be averted. 

In some of the studies Taub looked at 

CO2 concentrations were over twice as 

high as today’s, a level that more 

optimistic scenarios predict we 

should never reach. Even if levels do 

rise, better agricultural management 

could raise soil nitrogen levels, which 

would help the crops produce more 

protein, according to Arnold Bloom, 

a plant biologist at the University of 

California, Davis.  Jim Giles  ●

Greenhouse 

double whammy 

for some crops…

“Under the Kyoto protocol, a 

change in farming practice that 

reliably stores carbon can be 

used to claim carbon credits”
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CHILDREN who had seemed doomed 

to die within weeks may have been 

rescued by injections of stem cells 

originally extracted from healthy 

bone marrow donors.

The children all had graft-versus-

host disease, a condition in which 

bone marrow transplants aimed at 

treating diseases such as leukaemia 

end up attacking the child instead. 

Between 30 and 60 per cent of 

children receiving such transplants 

develop the condition. While the 

majority of cases are mild and can be 

resolved with immunosuppressive 

drugs, a minority of patients do not 

respond to treatment and die within 

three months from liver failure, 

diarrhoea and bleeding in the gut.

Osiris Therapeutics of Columbia, 

Maryland, teamed up with Vinod 

Prasad at Duke University Medical 

Center in Durham, North Carolina, 

to offer injections of mesenchymal 

  stem cells , isolated from the bone 

marrow of healthy donors, to 

12 children aged four months to 

15 years who had not responded 

to conventional treatment.

Lab experiments had previously 

shown that the white blood cells that 

cause the inflammation associated 

with graft-versus-host disease 

could be pacified when exposed 

to the mesenchymal cells. The 

tests had also demonstrated that 

recipients’ immune cells do not 

recognise the cells as foreign and so 

do not reject them (New Scientist, 
15 December 2001, p 4).

Of the 12 children who received 

the stem cell injections, five are still 

alive eight months on, while the 

deaths of the other seven were from 

infections or organ failure not related 

to graft-versus-host disease. Prior to 

the deaths, the graft-versus-host 

disease had been completely resolved 

in seven of the children (of whom 

two died), while inflammation 

had eased in the other five. Osiris 

is now engaged in a much larger 

trial to see if the results can be 

repeated.  Andy Coghlan  ●

Stem cells step 

in to save bone 

marrow patients

PARENTS may now have another 

reason to worry about their 

children smoking. Nicotine may 

cause the teenage brain to 

develop abnormally, resulting 

in changes to the structure of 

white matter – the neural tissue 

through which signals are relayed. 

Teenagers who smoke, or whose 

mothers smoked during 

pregnancy, are also more likely to 

suffer from auditory attention 

deficits, meaning they find it 

harder to concentrate on what is 

being said when other things are 

happening at the same time.

Leslie Jacobsen of Yale 

University School of Medicine 

and colleagues used diffusion 

tensor imaging, which measures 

how water diffuses through brain 

tissue, to study the brains of 

33 teenagers whose mothers 

had smoked during pregnancy. 

Twenty-five of the teens were 

daily smokers. The team also 

studied 34 teens whose mothers 

had not smoked, of whom 14 were 

daily smokers.

Both prenatal and adolescent 

  exposure to tobacco smoke  

were associated with changes in 

white matter in brain pathways 

that relay signals to the ear. 

The changes were greatest in 

teenagers who smoked, 

suggesting   the brain is 

particularly vulnerable to the 

effects of nicotine during 

adolescence , when many neural 

pathways are maturing (Journal 

of Neuroscience, DOI: 10.1523/

jneurosci.2402-07.2007). 

Earlier this year, Jacobsen’s 

team reported that prenatal 

and teenage exposure to smoke 

were associated with reduced 

auditory and visual attention, 

with boys being particularly 

vulnerable to auditory deficits 

(Neuropsychopharmacology, DOI: 

10.1038/sj.npp.1301398). In such 

boys, “the levels of disruption are 

significant enough that if you 

Teenage smokers face 
badly wired brains

were already struggling at school 

it could tip you towards school 

failure,” Jacobsen says. She now 

hopes to test whether the changes 

are reversible, by scanning the 

brains of teenagers who give 

up smoking. 

David McAlpine, director of 

the Ear Institute at University 

College London, says the findings 

are interesting because the key 

brain pathway affected by 

nicotine helps determine how we 

process auditory information 

when distracted by other tasks. 

“The fact that smokers show 

changes in this pathway means 

they may be less  able to hear 

what’s being said,” he says.

Nicotine binds to receptors in 

the brain that regulate neural 

development. Inappropriate 

stimulation could cause abnormal 

connections to form, says 

Jacobsen. Such misconnections 

are already thought to affect 

babies exposed to nicotine before 

birth, but this goes further: “The 

new findings show that there is 

a downstream effect on white 

matter – the magnitude of which 

is pretty remarkable,” says 

Richard Todd at Washington 

University School of Medicine in 

St Louis, Missouri. “It seems the 

brain remains vulnerable long 

into adolescence.”  Linda Geddes  ●
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“The changes suggest the 

brain is particularly vulnerable 

to the effects of nicotine 

during adolescence” 

–It’s not clever–
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AFTER decades of clinical failures and 

ethical controversy, could 2008 mark 

a new dawn for   artificial blood ? 

That’s the hope of HemoBioTech of 

Dallas, Texas, which claims to have 

developed a blood substitute that is 

safer than rival products. It plans to 

test the blood in surgical patients in 

India and the US later this year.   

Like many previous blood 

substitutes designed to keep 

people alive when donor blood is 

unavailable, HemoTech is based on a 

form of oxygen-carrying haemoglobin 

extracted from cow blood, in which 

the haemoglobin molecules have 

been chemically bound together . 

This is necessary because free 

haemoglobin is toxic and can cause 

blood vessels to constrict, restricting 

blood flow. However, in many 

previous trials of blood substitutes, 

more deaths occurred among 

patients given the blood product 

than in controls receiving saline, 

suggesting that the toxicity problem 

had not been overcome.

HemoBioTech claims to have 

solved the problem by binding the 

haemoglobin molecules together 

with adenosine – a molecule that 

causes blood vessels to dilate. 

Originally developed at Texas Tech 

University in Lubbock, HemoTech was 

tested in 1991 in nine Zairian children 

with sickle-cell anaemia. When 

given as 25 per cent of blood volume, 

the substitute made blood vessels 

dilate, showed no kidney toxicity, 

caused no inflammation and even 

stimulated production of new red 

blood cells, says Arthur Bollon, 

chairman of HemoBioTech.

Since then, the company claims to 

have conducted further animal and 

Fresh hope 

for emergency 

blood substitutes

–In short supply–

IS A new wave of the human 

form of mad cow disease about 

to sweep through the UK? That’s 

the question raised by what 

could be the first case of vCJD in 

someone genetically distinct 

from all previous cases. 

So far, 160 people in the UK 

are known to have died from 

variant Creutzfeldt-Jakob disease, 

but all of them have had the MM 

variant of the gene that makes 

prions – the proteins which 

become misshapen when the 

disease takes hold and fatally 

clog up the brain. About 40 per 

cent of the UK population carry 

the MM variant, which occurs 

when two copies of the amino 

acid methionine are present at 

a specific site in the prion gene. 

Now, a similar but not 

identical case of vCJD has killed 

a 39-year-old woman with the 

VV variant of the gene, which 

carries two valine amino acids 

at the same position in the gene 

(Archives of Neurology, vol 64, 

p 1780). The big question is 

whether this case is genuinely 

a new form of vCJD, resulting 

from exposure to BSE-infected 

beef, or whether it is simply a 

rare form of “sporadic” CJD, 

which occurs purely by chance.

If it is the former, it could 

signal a new wave of cases in VV 

individuals, who make up 10 per 

cent of the UK population, though 

the researchers who analysed 

the woman’s brain say there’s no 

cause for alarm yet. “The final 

conclusion remains open,” says 

Simon Mead of the Medical 

Research Council’s Prion Unit at 

University College London, who 

examined the woman’s brain. “It 

is waving the flag for neurologists 

to watch for other cases.”

The case shares similarities 

with MM cases of vCJD, including 

the relatively young age of the 

woman. By contrast, most cases of 

sporadic CJD are in people over 50. 

Another similarity is that, as in the 

MM cases, the misshapen protein 

carries two sugar molecules, not 

one as is found in sporadic CJD.

The VV case shows patterns 

of damage to the brain that fail 

to correspond exactly to either 

MM cases of vCJD or to sporadic 

CJD. Mead says this is to be 

expected, because the pattern of 

brain disease is known to differ 

according to the prion gene 

variant an individual possesses, 

whether human or animal. 

Worryingly, animal 

experiments and studies of 

people with  CJD have 

demonstrated that the gene 

variant also alters the time it takes 

for the disease to set in. So in 

humans, the first wave could be 

in MM individuals, the second in 

those with the VV variant and the 

third in those who are MV, who 

comprise half the UK population. 

This is what happened with 

kuru, a disease similar to BSE 

affecting members of a tribe 

in Papua New Guinea who ate 

deceased people’s brains as part 

of their funeral ceremonies. The 

disease struck last in individuals 

with the MV variant. Mead says 

experiments in mice are under 

way to see what sort of disease is 

caused by prions taken from the 

latest case. “The consensus is that 

it’s more likely sporadic, but we 

can’t conclude either way until 

further experiments are done,” 

says Chris Higgins, chairman of 

the UK government’s Spongiform 

Encephalopathy Advisory 

Committee, which discussed the 

new results on 14 December.  ●

Mysterious death 
reignites vCJD fears

“The big question is whether this 

case is genuinely a new form 

of vCJD or whether it is simply 

a rare form of ‘sporadic’ CJD”

ANDY COGHLAN

lab studies confirming these effects, 

but other researchers doubt whether 

HemoTech will fare any better than 

its rivals. “I don’t consider the trial in 

Zaire a recommendation,” says John 

Hess, director of the blood bank at 

the University of Maryland Medical 

Center in Baltimore. “A lot of very 

bright people have been over these 

humps unsuccessfully before.” 

In 1998, for example, Baxter 

International of Deerfield, Illinois, 

abruptly halted a multimillion-dollar 

programme to develop a blood 

substitute called HemAssist, 

following trials in which 46 per cent 

of recipients died, compared with 

17 per cent of controls. 

More recently, Northfield 

Laboratories of Evanston, Illinois, 

courted controversy by testing its 

product, called PolyHeme, on 

  unconscious trauma patients  who 

couldn’t consent to the treatment 

(New Scientist, 21 October 2006, p 8). 

Northfield is expected to publish 

the results of that trial in the near 

future.  Andy Coghlan  ●
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PLANTING extra-reflective crops 

that bounce sunshine back into 

space is the latest proposal to help 

cool our warming world.

The notion of   modifying 

Earth’s climate  with sunshades or 

a blanket of reflective aerosols to 

counteract global warming – 

known as geoengineering – has 

been around for years. But climate 

models suggest that   this would 

significantly reduce rainfall .

Now Christopher Doughty 

at the University of California, 

Irvine, and colleagues think they 

can get around that problem. 

Models show that geoengineering 

near the equator hits rainfall 

hardest, but focusing on latitudes 

between 30 and 60 degrees would 

produce a much smaller drop in 

rainfall. Planting crops bred or 

genetically modified to be more 

reflective could cool these regions 

by an average of 1 °C. Doughty 

presented the research last month 

at the American Geophysical 

Union meeting in San Francisco.

The key, Doughty says, is to 

deploy leaves that sport a thick 

layer of hairs, which reflect near-

infrared wavelengths back out 

into space. Super-hairy strains of 

soya have already been bred , and 

these reflect 3 to 5 per cent more 

sunlight. Doughty calculates that 

this would be enough – if planted 

in huge amounts – to generate the 

cooling effect.

Why fur coats are cooler than shades

HERE’S another reason to go back 

to the moon: it may help settle a 

climate change controversy. 

Climate modellers use ice cores, 

tree rings and sunspot data to see 

how much solar energy reached 

Earth centuries ago and whether 

it affected global temperatures. 

Such methods are   far from 

reliable , though: sunspot data is 

incomplete, while conditions on 

Earth can skew results.

Bob Cahalan at NASA’s Goddard 

Space Flight Center in Greenbelt, 

Maryland, and colleagues 

calculated that boreholes on the 

moon just 10 metres deep would 

provide a temperature record 

stretching back to the 1600s, and 

so help researchers gauge solar 

energy in the past more accurately 

(Geophysical Research Letters, 

DOI: 10.1029/2007GL032171).

Earth and sun tell 

story on moon

WOULD you drink wine made 

from genetically engineered 

grapes if it had extra benefits? 

Such wine could be on the menu, 

thanks to a grape variety six times 

richer than normal in resveratrol, 

the compound in   red wine  

associated with increased 

longevity, decreased heart disease 

and a host of other benefits. 

Yuejin Wang and colleagues 

at the Northwest Agricultural 

and Forestry University in 

Yangling, Shaanxi province, 

China, made the supervine by 

equipping it with an extra gene 

from a wild Chinese vine. Vitus 

pseudoreticulata has an unusual 

variant of the stilbene synthase 

gene, which triggers resveratrol 

production (Plant Cell, Tissue and 

Organ Culture, DOI: 10.1007/

s11240-007-9324-2). 

The team plans to make wine 

from the GM vine, though their 

main goal is to make grapevines 

more resistant to fungus, which 

is kept in check by resveratrol. 

Fine vine

WE ALL enjoy the view as autumn leaves change colour, but 

why does it happen? The late William Hamilton, a biologist 

at the University of Oxford, suggested that the colour 

change was a warning – a signal to parasitic pests of a toxic 

chemical arsenal. After all, the tree actively synthesises 

anthocyanins, the red molecules in autumn leaves. Why 

go to all that trouble? If Hamilton was right, insects like 

aphids, whose eggs laid in autumn become leaf-muching 

larvae in spring, should steer clear of toxin-rich trees.

His initial study showed    that insects do apparently 

prefer to feed on green rather than red autumn leaves , 

supporting the theory. Now Marco Archetti at Oxford and 

his colleagues at the University of Talca in Chile have 

studied aphid egg-laying preferences on a number of 

different-coloured beech trees.

They found that aphids on average preferred green 

leaves. In spring, however, no difference was seen 

between the success and growth of aphids from eggs 

laid on red or green leaves (Journal of Evolutionary 
Biology, DOI: 10.1111/j.1420-9101.2007.01469.x). So if pest 

control was the trees’ aim, it doesn’t work very well. 

Archetti says that perhaps the chemical deterrents are there 

in autumn, not spring, but either way, the thorny question 

of   why leaves change colour in autumn  remains unsolved.

Autumn leaves cling to the 
secret of colour change
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 EVERYONE gets the flu – but it 

seems some people are more 

likely to die from it than others.

Lisa Albright and colleagues at 

the University of Utah in Salt Lake 

City looked at death certificates 

and family records going back 100 

years. Nearly 5000 people were 

said to have died of flu, 2000 of 

them in the   1918 pandemic . 

Albright’s team found that 

blood relatives of flu victims were 

more likely to die than non-

relatives – even during different 

flu outbreaks – and the risk was 

greater the more closely related 

they were. Siblings were 74 per 

cent more likely to die of flu than 

unrelated people, and blood uncles 

and first cousins of flu victims 

were 22 and 16 per cent more 

likely (The Journal of Infectious 

Diseases, DOI: 10.1086/524064).

Victims’ spouses were also 

more likely to die, but probably 

because they lived in the same 

house. Relatives of the spouse were 

not at increased risk, though they 

probably visited the household as 

often as the victim’s relatives. This 

suggests a genetic component. 

The team is now tracking relatives 

of people who died recently to see 

if they too are at increased risk, and 

if flu   vaccination  helps.

Flu deaths are 

a family matter

WEATHER forecasters should 

keep an eye on the Sahara. Dust 

clouds from the desert may 

help them predict how bad the 

hurricane season will be.

Every year, up to 200 million 

tonnes of Saharan dust is blown 

across the Atlantic towards the 

Caribbean, and William Lau and 

Kyu-Myong Kim of the NASA 

Goddard Space Flight Center in 

Greenbelt, Maryland, wanted to 

find out if these dust clouds were 

blocking the sun’s rays and 

cooling the surface of the sea. 

“This information could be used 

for hurricane forecasting,” Lau 

says. Because warm surface 

waters of the Caribbean and 

western Atlantic   provide energy 

to fuel cyclones , a cooler surface 

would offset this effect.

The researchers compared 

satellite images of dust clouds 

with sea temperatures in June 

2005 and June 2006. Sure enough, 

in 2006 a larger cloud of Saharan 

dust seemed to cause unusually 

low sea surface temperatures over 

the region, and no hurricanes 

made landfall in the US that year 

(Geophysical Research Letters, 

DOI: 10.1029/2007GL031538). 

Early in the year the dust is too 

scarce to make any difference. 

“Its effect tends to be strongest in 

June to August before the peak of 

the hurricane season,” Lau says.

Phil Klotzbach, head of a team 

at Colorado State University, 

in Fort Collins, that releases 

quarterly hurricane forecasts, 

plans to use the figures on 

Saharan dust in his models next 

year. “The dust information 

will be quite useful for our final 

seasonal forecast in early 

August,” he says. 

A year for hurricanes? The answer is blowing in the wind

REMOVING lead from petrol was 

supposed to prevent damage to 

children’s mental development. Now 

it seems that traffic fumes may still 

be impairing their learning – because 

of the   soot particles  it contains.

When Shakira Franco Suglia 

at Harvard University and her 

colleagues studied 200 children in 

nearby Boston they found that scores 

on verbal reasoning, visual learning 

and other tests were lower in those 

exposed to more traffic fumes. The 

IQ of children from areas of the city 

with above-average pollution levels 

was 3 points below those in cleaner 

areas, even after controlling for 

socio-economic factors (American 
Journal of Epidemiology, DOI: 

10.1093/aje/kwm308). 

That puts the impact of soot 

on a par with lead and other toxic 

substances that damage brain 

development, says Franco Suglia.

Since soot levels rise with   traffic 

volume , Franco Suglia recognises 

that some other aspect of traffic may 

be the cause. However, exhaust 

particles remain the prime suspect. 

In animals, it is known that 

particles from vehicle fumes can 

travel along the olfactory nerve, 

from the nose to the brain. Once 

there, the particles can damage cells 

and cause inflammation of brain 

tissue. Studies of dogs from heavily 

polluted areas of Mexico City, for 

example, showed that their brains 

had damage similar to that seen in 

patients with Alzheimer’s disease.

Traffic still stunting 
children’s brains

IT’S one thing to give up food for 

a starving sibling, quite another 

for a stranger.

Giuseppe Boncoraglio and Nicola 

Saino of the University of Milan in 

Italy swapped eggs between barn 

swallow nests. Once the clutches 

hatched, they recorded the volume at 

which chicks begged during normal 

feeding and after the chicks had been 

deprived of food for 90 minutes. 

The volume at which barn 

swallow broods beg is usually around 

11 decibels, rising to 13 decibels when 

they are especially hungry . But the 

mixed broods reached 14 decibels 

whether they were hungry or not 

(Journal of Evolutionary Biology, 

DOI: 10.1111/j.1420-9101.2007.01441.x).

The results are in line with kin 

selection theory. Genetically related 

chicks boost their sibling’s survival 

prospects by begging for food only 

when they are hungry. But when food 

is in short supply, such sibling niceties 

are discarded and each chick acts 

purely for its own benefit. The volume 

of begging then increases as each 

scrambles for food. 

In the mixed nests, the chicks 

recognise that their nestlings are 

unrelated and beg loudly straight 

away. Even if they are satiated, there 

is no benefit in giving up resources to 

their genetically unrelated peers, the 

researchers say.

Feed me, feed me. 
Feed me now!



Comment and analysis–
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WHETHER they are occurring in nature 

or being created in a lab, biological 

threats represent a global moral 

burden. Right now infectious diseases 

threaten personal, national and 

international security, and limit 

personal and economic potential. 

Worldwide, they cause more than 

18 million deaths a year – one-third of 

all human deaths. Among these deaths 

are many that could be prevented by 

concentrated efforts in the research, 

development and distribution of new 

drugs. While dangerous pathogens will 

not mobilise armies nor annex land, 

they can, if unchecked, inflict human 

costs rivalling those of armed conflict. 

We don’t have to accept this state of 

affairs  – we can tackle the problem 

head-on. My colleagues and I are 

pushing for the adoption of a   Global 

Compact for Infectious Diseases  that 

will work with states in the form of a 

treaty and with NGOs, academic 

institutions and the private sector as 

a softer, pledge-based agreement. 

The compact sets out a four-point 

plan of action. First, we need to keep 

key information available globally by 

establishing a shared international 

data and knowledge base for infectious 

diseases. This will include 

biosurveillance information and 

research data, while remaining 

cautious about publicising research 

and development that may be viewed 

as dual use for biosafety and defence. 

Second, we need to establish an 

international network of research 

centres that will support fundamental 

research on microbial threats. There 

is a precedent for the success of 

international collaborative research 

efforts. In the late 1960s, reacting to 

a projected crisis in food supply, the 

  Consultative Group on International 

Agricultural Research  (CGIAR) devised 

a framework for addressing the 

situation. As a result of CGIAR’s efforts 

the world experienced a massive 

increase in cereal yield in the second 

half of the 20th century and the crisis 

was in part averted. The   International 

Rice Research Institute , funded by the 

Rockefeller Foundation and sustained 

by CGIAR, sets an example for a future 

interdisciplinary network of infectious 

disease research centres. 

Third, we need to expand our 

capabilities for the production of 

vaccines and drugs against emerging 

and re-emerging infections by working 

with groups such as the   Organisation 

for Economic Cooperation and 

Development  (OECD) and the   World 

Health Organization . These bodies 

are addressing issues of intellectual 

property, incentive structures for drug 

development, distribution and 

monitoring, and manufacturing 

capacity in the developing world. 

Finally, we need to establish and 

maintain international standards for 

laboratory best practice and for 

regulating pharmaceuticals .

The success of the global compact 

will be dependent on the interplay 

between its four components. 

For example, an organisation 

contributing to the knowledge base 

or complying with regulatory policies 

would benefit by being allowed to 

participate in the research enterprise 

or receiving the results of the expanded 

capacity for drug development and 

distribution. Not participating, by 

contrast, could seriously disadvantage 

an organisation.

Meanwhile, a strong foundation of 

basic science will help to restore the 

flow of new drugs and vaccines, which 

has been stagnant. Effective 

biosurveillance will help to predict 

which strain of an emerging disease 

represents the most significant threat, 

and this in turn will help to create 

countermeasures. Information 

technology and knowledge sharing will 

drive new science, which in turn can 

inform regulatory initiatives. 

Addressing the problem as a whole 

benefits each individual part, creating 

powerful incentives to participate. 

The Global Compact for Infectious 

Diseases is achievable. In the past 

25 years, projects with international 

scope and impact have demonstrated 

that efforts at resolving complex and 

sometimes overlooked issues are 

feasible. Just look at the Ottawa 

Landmines treaty. In October 1992, 

six NGOs met in New York City and 

founded the   International Campaign 

to Ban Landmines  (ICBL). A mere five 

years later, the ICBL was awarded the 

  Nobel peace prize  “as a model for 

similar processes in the future”. 

My colleagues and I propose as a 

matter of urgency that efforts be 

accelerated to draft, debate, refine and 

implement the first Global Compact 

for Infectious Diseases. We propose 

that the drafting work should be 

carried out initially under the auspices 

of an academic institution but should 

include representatives from different 

countries, the pharmaceutical and 

information technology industries, 

international legal scholars, the 

international development 

communities and others. We are 

determined that this work will not be 

just another conference report but will 

result in a document that will have real 

powers and real benefits.  ●

Harvey Rubin is the director of the 

  Institute for Strategic Threat Analysis and 

Response  and a professor of medicine, 

microbiology and computer science at the 

University of Pennsylvania, Philadelphia

Medicine for a sickly world

“There is a 
precedent for 
the success of 
international 
collaborative 
research efforts”

Millions of people die needlessly every year from infectious diseases. With a 
concerted international effort we can cut the death toll, says Harvey Rubin



Letters–

Drugs win prizes

From James Wilson

 James Love’s proposal to replace 

patent protection for new drugs 

with prize money (  10 November 

2007, p 24 ) seems to have a fatal 

flaw. What happens when an 

innovative drug to tackle a 

specified illness enters a market – 

and takes the prize money such a 

breakthrough commands – but 

then, some years later, the drug 

proves lacking in some respect? 

Awarding the prize to the first 

on the scene would remove the 

incentive to seek variations, such 

as the “me too” drugs that 

sometimes prove superior to the 

drugs that inspired them.

St Louis, Missouri, US

James Love writes:

● The Sanders bill does provide 

for rewards for follow-on 

inventions, and can even reward 

the economic value of a 

redundant product. The prizes 

would be paid out over 10 years – 

about the same as the effective 

monopoly time under the current 

patent system. 

Paying for drugs

From Paul Branthwaite,   Bench 

International 

 In her article on the high price of 

cancer drugs, Rachel Nowak uses 

emotive phrases like “inflated 

prices” and “most profitable 

industry” and “patients denied 

drugs” (  1 December 2007, p 8 ). 

New biological drugs are costly, 

largely because they are really, 

truly, deeply more expensive to 

research and manufacture than 

previous therapies. And other 

countries are looking at the UK’s 

National Institute for Health and 

Clinical Excellence (  NICE ) as a 

model for delaying new drug 

arrivals to better manage budgets.

It can take 10 to 12 years to 

develop a new class of drug, and 

the resulting product has a fixed 

patent life of, typically, 20 years. 

If patients are denied drug 

finance, or fewer drugs are 

licensed because of regulatory 

risk-averseness, the unit cost 

per patient per drug licensed 

inevitably rises.

Add inconsistency between 

funding bodies, and pricing 

planning becomes nigh on 

impossible. Perhaps governments 

should think about extending 

patent life in return for curtailing 

entry price.

True, while blockbuster drugs 

are still in patent they make their 

owners a great deal of profit. But 

the financial markets know this 

can’t last: in the six years to 30 

March 2007 the FTSE Global 

Pharmaceuticals Index rose only 

1.3 per cent compared with a 34.9 

per cent increase in the general 

Dow Jones World Index  of share 

prices. We are now seeing 

significant cuts in drug research. 

We should all be worried by that 

because diseases of our ageing 

population are not being properly 

or safely addressed and infectious 

disease continues to break 

through. Rather than denigrating 

pharmaceutical companies, you 

should exhort companies and 

governments to find long-term 

strategies to speed up processes, 

and to increase patent term so 

that the cost of drugs can be held 

in check.

Basingstoke, Hampshire, UK

Science back to school 

From John Williams, Head of 

Science,   Bishop’s Stortford College 

 Attitudes at this school are very 

different to the glum picture of 

school science painted by Michael 

Reiss (  1 December 2007, p 23 ). 

Pupils enjoy science and a quarter 

of our 16 to 18-year-olds choose to 

study physics. We have our own 

Science Action Centre, a smaller 

version of the London   Science 

Museum’s Launchpad , which is 

enjoyed by our own pupils and 

available free to local schools.

I am not sure whether it is the 

centre that is making science so 

popular with our pupils, or the 

attitude and philosophy of those 

who created and maintain it.

Bishop’s Stortford, 

Hertfordshire, UK

From John Richards

As Michael Reiss indicated, and to 

borrow from former prime 

minister Harold Wilson, the 

“white heat of science and 

technology” which powered the 

UK economy half a century ago 

has passed to other nations. The 

UK now has to earn its living 

providing the puce warmth of 

media services and insurance. 

A key reason for our slump in 

innovation and manufacturing 

lies in the way the National 

Curriculum was implemented, 

from 1988, for science teaching.

Before that, science had only 

been taught in secondary schools, 

from age 11, and was optional 

from age 14. Unfortunately, when 

it was made compulsory for 

children from age 5, the 

government provided no 

additional scientists, nor extra 

labs, and many teachers of infants 

and primary-age children were 

expected to become expert 

science teachers overnight. 

In secondary schools, those of 

us who had been teaching exam 

candidates who had chosen 

science because of their interest 

and aptitude now had to spend 

less time with those pupils in 

order to stand in front of children 

who hated the subject.

East Preston, West Sussex, UK

From Donna Hecht

Michael Reiss starts with the 

research result that a country’s 

economic development status is 

inversely correlated with the 

desire of its teenagers to become 

scientists. Alas, he then wanders 

off into suggesting that more UK 

teenagers might be lured into 

science by a “context-based” 

science curriculum, “out-of-the-

classroom” learning, or 

“assessment regimes [that 

address] the skills we want the 

next generation of scientists to 

develop”, rather than mere 

“factual knowledge”.

My own (admittedly 

anecdote-based) sense is that 

western kids think that a science 

career, no matter how interesting, 

means investing years and 

money in a post-graduate 

education in exchange for long 

hours at low pay, with little room 

for advancement. Plus, if they 

don’t do science, someone else – 

perhaps from China or India – 

will do it for them.

Claremont, California, US

Biofuels or forests

From Clay Ogg

  While cutting down rainforests to 

grow palm oil for biofuels may 

constitute “madness” (  1 December 

2007, p 50 ), burning other 

vegetable oils is no more sane, nor 

less damaging to Indonesia’s 

rainforests. Indonesia is expected 

to increase its palm oil production 

by more than half over the next 

10 years. This is driven, in part, by 

China, which used to buy 

rapeseed oil from Europe for food 

and for industrial uses, but is 

switching to Indonesian palm oil 

because Europe’s cars and trucks 

now burn the rapeseed oil as a 

biofuel. Subsidy for biofuel 

producers in the European Union 

is increasing its local use, and the 

story is similar in the US.

The greatest barrier to 

finding incentive schemes 

that discourage deforestation 

in Indonesia and in other tropical 

countries is the rising demand 

and prices for the commodities  

(especially palm oil, rapeseed oil 

and soybean oil) that such 

subsidies encourage. 

Competition between growing 

fuel and food is manageable if 

countries like Indonesia and 

Brazil expand food production to 

replace food that is no longer 

available from Europe and the 
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US – which means taking more 

land into agriculture. But food 

will become scarce and expensive 

if world leaders attempt to 

expand biofuel production and 

save the forests at the same time.

Food prices and land rents are 

the main determinants of the cost 

of protecting forests from 

agriculture. Before the biofuel 

boom, programmes to protect 

rainforests would have offered an 

extraordinary opportunity for 

farmers in Europe and the US, 

because crop-land expansion in 

the tropics endlessly undermines 

the prices of agricultural goods.

Perhaps it is not too late to 

recognise that protecting 

rainforest and savannah offers 

a more rational and lasting 

solution to farmers’ commodity 

price worries than subsidising 

biofuels does.

Silver Spring, Maryland, US

Laughing matter 

From Andrew Smyth

 You report Igor Suslov saying 

that “humour is the brain’s 

way of dealing with errors“ 

(  24 November 2007, p 6 ). The 

“false alarm” theory of laughter 

proposed by V. S. Ramachandran 

in 1996 suggests that people 

laugh to communicate that some 

misperceived event is harmless: 

so when an object misidentified 

as a snake is recognised as a stick, 

people laugh.

This would explain why people 

laugh more in the presence of 

others. It also explains why most 

jokes involve misdirection, then 

surprise and some unexpected 

outcome that causes a feeling of 

superiority in the listener.

Ramachandran, like Suslov, 

speculates that humour also 

developed other functions, such 

as promoting social cohesion.

Los Angeles, California, US

Reason or religion

From George Taylor 

You conclude that “the idea 

that science can simply replace 

religion in the public 

consciousness is not only 

fanciful, it’s also bad for science” 

(  10 November 2007, p 3 ). Mary 

Midgley strongly concurs, and 

from an epistemological point 

of view her argument cannot be 

faulted (  1 December 2007, p 24 ). 

Other correspondents who 

berate you for apparent lack of 

moral fibre  in defending reason 

and rationality (  same issue ) are 

on the right side of this argument, 

but the issue is not whether 

science can replace religion, but 

whether scientists can protect 

themselves from those who wish 

to replace science with religion.

The indicators around the 

world are worrying. In the US, 

science and scientists are being 

harassed, intimidated or bought 

by a coalition of extreme religion 

and corporate hooliganism – a 

coalition thought by many to 

have President George W. Bush in 

its pocket. In the Islamic world, 

according to an   August 2007 

report in Physics Today , the 57 

nations of the Organisation of the 

Islamic Conference have 8.5 

scientists and technologists per 

1000 population, compared to a 

world average of 41, and 139 per 

1000 in OECD countries. 

Meanwhile, a well-funded 

Islamic campaign of anti-

Darwinian propaganda, under the 

title The Atlas of Creation, is being 

mounted. Similarly, the Catholic 

Church, through its worldwide 

network of nuncios and 

concordats and its connections in 

the European Union, United 

Nations and other international 

bodies, continues its campaign to 

impose undemocratic controls on 

science and medicine.

This is a crucial issue for 

scientists, but it is political in that 

it can only be resolved through 

political action to curb activities 

of religious organisations 

inimical not just to science but to 

democracy and free speech. 

Religion is not a homogeneous 

entity: precise targeting might be 

a good start. The problem lies 

with the proselytising religions, 

especially Christianity and Islam.

Royston, Hertfordshire

Effective unconscious 

From James Wright

 Psychoanalysis is, Kate 

Douglas says, “now discredited” 

(  1 December 2007, p 42 ). I hardly 

think this is fair. Psychoanalysis 

created a revolution in the way 

people view themselves. Freud’s 

cousin Edward Bernays applied its 

principles to business, creating 

both an economic boom and the 

public relations profession.

Psychoanalysis may deal with 

phenomena which cannot be 

easily measured – but it does deal 

with them consistently and 

provides a framework within 

which patients can begin to gain 

objectivity. Its place in the 

history of science should 

not be denigrated.

Westcliffe-on-Sea, Essex, UK

On soldiering

From Paula Caplan

 When Jamie Wilson suggests 

that the way to “validate” war 

veterans’ experiences is by 

placing a psychiatric label on 

them (  8 December 2007, p 24 ), he 

exemplifies the way society now 

medicalises, or “psychiatrises”, 

virtually everything. Contrary to 

his implication, my article (  17 

November 2007, p 56 ) did not 

suggest that people who are 

psychotic should not be 

considered psychotic. It was 

rather that being depressed, 

enraged and devastated by war is 

an understandable response to its 

horrors, and should not be 

automatically considered a 

mental illness. Diagnosing all 

upset veterans rarely helps, and 

usually burdens and isolates 

them even more.

Cambridge, Massachusetts, US

Name of the feast

From Alan Potter

 I’ve never written a thesis. I’ve 

never pretended to create cold 

fusion. Even with your help, I still 

don’t understand string theory. 

I don’t have a PhD (I don’t even 

have an A-level). I will never have 

another amusing thing to send to 

you, and in any case this letter will 

probably disappear into a 

quantum something-or-other.

I’ve had my one chance of 

fame in New Scientist and it was 

cruelly torn from me at the last 

moment. I had a little mention in 

Feedback (  1 December 2007 ) and 

you spelled my name wrong!

Loughton, Essex, UK

For the record

● It is not certain that the extra inertia 

of a heavier, humid baseball (as 

compared with a dry baseball) counters 

its slower speed as it leaves the bat, as 

we suggested (  15 December 2007, p 15 ). 
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Letters to the Editor, New Scientist, 

84 Theobald’s Road, London WC1X 8NS

Fax: +44 (0) 20 7611 1280
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and a reference (issue, page number, title) to articles. 

We reserve the right to edit letters. Reed Business Information 
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● Careware
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Technology

COULD a Wiki-style website speed 

up broadband access in the US?

Because the Federal 

Communications Commission 

(FCC) releases little information 

on the availability and quality of 

existing services, it’s hard to know 

where to start, although the US 

government has a   mandate  to 

increase access to broadband .

To tackle the problem, analyst 

Drew Clark of Washington DC will 

launch    BroadbandCensus.com  

later this month. People will enter 

where they live, the price of their 

service and how happy they are 

with it. Eventually, a speed test 

will measure connection quality.

Awaiting a vote in the Senate, 

the   Broadband Census of America 

Act  will force the FCC to release 

information such as the promised 

speed of various services. Clark’s 

site will provide a cross-check with 

actual speeds and experiences.

ONE of the hazards of hospital 

emergency rooms is that patients 

can deteriorate without staff 

noticing. Now they can be given a 

device to monitor their vital signs.

The   Scalable Medical Alert 

Response Technology  (SMART), 

developed by Dorothy Curtis and 

colleagues at the Massachusetts 

Institute of Technology, consists 

of an infrared blood oxygen 

3
billion dollars. The total 
sum stolen from the 
3.6 million American 
adults who fell victim to 
phishing attacks in 2007

Fresh from its last-minute acceptance of 

a global climate deal last month in Bali, 

the US underlined its green credentials 

by flicking the switch on the power-

hungry incandescent light bulb.

The   Energy Independence and 

Security Act , which President George 

W. Bush signed into law on 18 December, 

is a mandate for phasing out 100-watt 

incandescent bulbs starting in 2012, 

75-watt bulbs in 2013 and 60-watt 

bulbs in 2014. They will be replaced 

by energy-saving alternatives such as 

compact fluorescent lighting. It also 

proposes a fivefold increase in the 

availability of biofuel by 2022, and 

making vehicles 40 per cent more fuel-

efficient by 2020. 

This law adds federal momentum to 

moves   already under way  in the lighting 

industry and individual states (New 

Scientist, 2 March 2007, p 26). Last 

March, lighting giant Philips launched 

a campaign to scrap energy-guzzling 

lighting by 2016 – the firm estimates 

that ditching incandescent bulbs would 

save the $18 billion per year and cut 

carbon dioxide emissions by 158 million 

tonnes. In 2007, at least four states 

drafted legislation aiming to ban 

incandescent bulbs, while Wal-Mart 

launched a campaign to sell 100 million 

energy-efficient bulbs by the end of 

2007, which it achieved in October.

Environmentalists are convinced 

the new act is a significant step 

forward. Christopher Flavin, president 

of the Worldwatch Institute in 

Washington DC, says it will “reshape 

the trajectory of the whole lighting 

industry, and tilt the market towards 

efficient technologies”.

SWITCHING TO GREENER BULBS

sensor that clips onto a finger, 

and chest electrodes that monitor 

heartbeat. Both are attached to a 

PDA that sits in a belt pack and 

runs software that monitors their 

readings, and sounds the alarm if 

they change to a worrying extent. 

It also beams the data to a PC 

monitored by a paramedic.

In tests on 145 volunteers in 

the ER at Brigham and Women’s 

Hospital in Boston, SMART flagged 

three patients who were stable 

when admitted but later developed 

dangerously irregular heartbeats. 

For builders, holding heavy ceiling panels in place with one hand while standing on 

a ladder and driving in screws with the other is, quite literally, a pain. So a team at 

Nagoya University in Japan has developed a one-armed   wearable robotic exoskeleton  

(tinyurl.com/yto4g3) that takes the weight. After the builder has guided the panel into 

place, powerful motors and springs in the exoskeleton take over to help support it.

The California Institute of Technology has filed a   patent  (tinyurl.com/28ue9e) on 

an implantable lens that can switch its strength. Made of a light-sensitive polymer, 

it changes its molecular structure in response to UV light of a particular frequency. 

This gives people who have a lens replaced during cataract surgery two strengths to 

choose from, allowing them to opt for the one that lets them see more clearly.
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The number of SMS text messages sent from 

cellphones is expected to rise in 2008

Google’s translation into Chinese of the English word “flippant”. The error likely arose because Google’s algorithms deduce translations for individual words 

by using examples of texts written in the two languages. Bad translations creep in if a word appears only rarely (www.danwei.org, 17 December 2007) 

“The assassin who stabbed Bush”
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Technology

WHEN the first comprehensive 

report in years to examine energy 

use by computer servers was 

published in February 2007, it 

was greeted with surprise by 

industry insiders. Jonathan 

Koomey, a staff scientist at 

Lawrence Berkeley National 

Laboratory in California, found 

that worldwide power 

consumption by servers had 

doubled between 2000 and 2005. 

“Everyone thought CO2 emissions 

were a problem for transportation 

and big energy,” says Bill St 

Arnaud of Canarie, Canada’s 

internet development 

organisation in Ottawa, Ontario. 

Since then a raft of   studies  have 

highlighted the rocketing energy 

demands made by computers (See 

Chart). One of them, a report from 

UK-based Global Action Plan, puts 

carbon dioxide emissions from 

information and communications 

technology on the same level as 

that of the aviation industry – 

2 per cent of global emissions. 

As it turns out, many of the 

tech titans were already on the 

case. A week after Koomey’s 

report came out, industry giants 

including Microsoft, Intel, Dell, 

IBM and Sun Microsystems 

forged a collaboration known as 

  the Green Grid . Their aim was to 

attack a host of hardware and 

software inefficiencies in data 

centres – farms of servers that 

store and retrieve online 

information. They regard the 

problem as so large that 

collaboration is essential. “There 

was a recognition that there was a 

problem in energy efficiency in 

data centres that was too vast to 

be solved by any one company,” 

says Green Grid director Lawrence 

Lamers of software company 

VMware in Palo Alto, California, 

which makes the so-called 

virtualisation software regarded 

by many companies as a prime 

way to save energy. 

At about the same time, 

energy consultancies identified 

the problems associated with 

  “server sprawl”  and began to float 

ideas for possible solutions. These 

included solar and hydroelectric 

power, and converting alternating 

current from the mains to direct 

current (DC) just once in the data 

centre, instead of repeating the 

process many times at different 

servers, as happens today  (New 

Scientist, 15 December 2006, p 24). 

Although some data centres, 

including Google’s, use some 

renewable energy, these measures 

are unlikely to be enough. DC 

conversion requires significant 

changes to infrastructure, and 

companies are looking for 

technologies they can implement 

immediately. 

Green Grid director, Mark 

Monroe of Sun Microsystems, 

Data centres are swallowing up precious energy 
resources. What are technology firms doing to help?

points out that another major 

factor driving companies to reduce 

energy consumption is concern 

about supply. “We are trying to 

make data centres efficient 

enough so that they don’t outstrip 

energy availability,” he says. 

The need for greener 

computing is huge. Whenever you 

download music, send an email, 

access medical records, or make a 

credit card transaction, the actions 

are processed in a data centre. 

“Three years ago, YouTube didn’t 

exist,” Lamers says. “Now there 

are hundreds of millions of videos 

being downloaded by millions of 

users. Yahoo is giving away free 

email with unlimited storage. Do 

you know how many servers are 

required for millions of users to 

store gazillions of emails?” 

The Green Grid’s biggest 

achievement to date is a first 

attempt at finding a 

standardised way to measure 

the efficiency of data centres. 

This would allow customers to 

compare centres and companies 

to identify the worst offenders 

and upgrade them. 

Some individual member 

companies are already moving 

beyond this. Take IBM, which 

provides data storage and 

number crunching services for 

the financial, pharmaceutical and 

retail sectors. In May it pledged to 

invest $1 billion annually in a 

project called   Big Green , which 

aims to double computing 

capacity at IBM’s data centres 

without increasing energy 

consumption. “This is absolutely 

one of IBM’s key plays right now,” 

says Chris Scott, head of IBM data 

centre services for north-east 

Europe. “It’s saving us money, 

it’s giving us growth capacity, 

and it’s the right thing to do for 

the environment.” 

Like many members of 

the Green Grid, IBM is making 

virtualisation software a central 

part of its greening strategy. First 

used in the 1960s as a way to 

divide large mainframe 

computers into smaller parts, 

each capable of performing its 

own small task simultaneously, 

virtualisation is now seen as the 
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internet destroying 
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only asks the server if there is new 

email every 5 minutes; a clock 

that updates every second even 

though it displays the time in 

minutes; and a program that asks 

the hardware 10 times a second if 

the volume of a speaker has 

changed even though another 

program is already set up to tell 

the hardware when speaker 

volume changes. “These sound 

like little things, but if you have 

40 programs that do this, they 

add up,” says Van de Ven. The 

team has made its upgrades 

available via various open-source 

software mailing lists over the 

last year, and two versions of 

Linux for laptops have 

incorporated them.

Along with Google and the 

conservation group WWF, Intel 

is also a member of the   Climate 

Savers Computing Initiative , a 

collaboration Intel  helped to 

found in June 2007. Rather than 

focusing on the data centre as a 

whole, the CSCI is looking at how 

to improve the efficiency of 

individual servers. One strategy 

that Google has already 

implemented on some computers 

is eliminating voltage conversions 

within individual computers. 

In the future, CSCI directors 

imagine having personal 

computers that can adjust 

their energy consumption in 

proportion to their workload. 

Today’s computers tend to use 

the same amount of energy, no 

matter what they are doing. 

Bill Weihl of Google, who 

is also co-chair of the CSCI, is 

optimistic that its efforts and that 

of the Green Grid will reduce the 

amount of energy data centres 

and personal computers use. 

Whether it is enough to offset the 

predicted growth in computer use 

over the next 20 years “is hard to 

predict”, he says.  ●

low-hanging fruit in data centres’ 

green transition. 

Virtualisation software creates 

multiple “virtual machines” (VMs), 

which are layers of software that 

emulate a particular type of 

hardware. Each VM sits between 

the actual hardware and a specific 

software application, and looks 

like hardware to the application. 

Running applications on VMs 

instead of directly on the hardware 

means the separate applications 

can’t interfere with each other, 

and if one application crashes, it 

doesn’t affect the others. 

When servers replaced 

mainframes, there was no need to 

partition them with virtualisation 

as each server was built to execute 

one application. But the 

processing power of servers has 

now increased to the point that 

running only one program per 

server typically means using less 

than 15 per cent of its capacity. 

The obvious answer is to run 

several applications on a single 

server, as with mainframes. 

In 2001, VMware introduced 

the first virtualisation software 

written specifically for the type 

of servers widely used in data 

centres. “It makes the difference 

between buying 10 servers or 

buying one,” says Bogomil 

Balkansky at VMware. “Customers 

are able to save 70 to 80 per cent 

on energy use. It’s the best way to 

immediately and dramatically 

reduce power consumption in the 

data centre.” In August, as a result, 

IBM was able to replace 3900 of 

its Intel servers with 33 larger ones 

with more efficient   multicore 

chips  (New Scientist, 10 March, 

p 26). “That is an 80 per cent 

reduction in energy consumption 

and an 85 per cent reduction in 

space,” Scott says.

Virtualisation and multicore 

chips aren’t the only ways to 

green data centres. Other Green 

Grid members believe that an 

important contribution is 

improving the efficiency of 

applications themselves. Arjan 

van de Ven, a software engineer 

at chip maker Intel, is leading an 

initiative called   Lesswatts.org  to 

make the popular Linux open-

source operating system 

more efficient.

Many companies, including 

Google, run their data centres on 

Linux. By tweaking existing Linux 

code, Van de Ven and his team 

were able to detect which 

programs were behaving badly. 

This revealed that Linux was 

performing a lot of small, 

senseless tasks. 

One example was 

“ondemand”, a program designed 

to save power by checking the 

computer’s central processing 

unit (CPU) for activity and 

reducing power consumption 

when activity was low. The 

researchers discovered that it was 

contacting the CPU several 

hundred times a second, which 

was enough to make the CPU 

more active than it would have 

been without ondemand running 

at all. “Here we have a piece of 

software designed to save you 

power that is actually wasting 

power,” Van de Ven says. 

Because Linux is open-source 

they were able to rewrite the 

program so that it checks CPU 

activity less often. 

The team also found energy-

wasters in a version of Linux that 

runs on personal computers. 

These included a program that 

checks the email inbox 100 times 

per second even though the inbox 

“Do you know 

how many servers 

you need to store 

gazillions of emails?”

–No growth without cost–
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NEXT time you see something 

flapping in the breeze on an 

overhead power line, squint a 

little harder. It may not be an old 

pair of sneakers or a plastic bag. It 

could be a miniature aircraft in 

disguise, stealing power from the 

line to recharge its batteries.

The US Air Force Research 

Lab (AFRL) in Dayton, Ohio, has 

come up with this bizarre idea in 

order to keep surveillance planes 

in the air for much longer than is 

possible today. 

Very small spy planes known 

as   micro air vehicles  (MAVs), 

with a wingspan of around 

1 metre, already exist. They can 

be carried in a soldier’s backpack, 

assembled on the battlefield and 

hand-launched towards areas of 

interest, from where they are 

supposed to beam back 

photos. The trouble is that the 

planes run out of power after 

about 45 minutes. 

Now the AFRL is developing 

an electric-powered MAV that 

can “harvest” energy by attaching 

itself to a power line. The hope 

is to design one that keeps going 

for days or even weeks.

To avoid arousing suspicion 

when recharging, the spy plane 

will need to collapse its wings and 

hang limp on the cable, looking 

like a piece of wind-blown 

detritus. The Pentagon’s Defense 

Advanced Research Projects 

Agency (DARPA) has already 

developed much of the morphing 

technology to do this, including 

telescopic wings that can be folded 

away and   “sliding skins”  made of 

carbon composite, which allow 

the fuselage to change shape. 

The AFRL’s most immediate 

challenge is working out how to 

get an MAV flying at 40 knots to 

latch onto a power line without 

destroying itself or the line. 

Originally it had hoped that 

by flying close to a line 

electromagnetic induction 

would provide enough power. 

But during tests, AFRL researchers 

found that this technique limited 

the amount of power harvested to 

microwatts – not nearly enough 

to fly an MAV.

Landing on the cable is likely 

to provide more power, and the 

AFRL will now have to prove that 

the idea is viable. It has succeeded 

in landing two out of the six MAV 

designs it tested on power lines, 

but has yet to devise an efficient 

latching mechanism. It hopes to 

come up with ideas and test them 

for latching this year. 

Even if this is successful, 

challenges abound, says Zac 

Richardson, a power line engineer 

with National Grid in the UK. He 

points out that if the MAV 

touched a pair of 11-kilovolt 

local power lines at the same time 

the short circuit would disconnect 

the very power the plane seeks. 

On a 400-kilovolt inter-city power 

line, it risks “fizzing and banging 

and giving its position away 

anyway”. The sparks could also 

interfere with the plane’s wireless 

communications system and 

prevent it from beaming back 

footage in real time.

“Even kites falling across power 

lines cause breakdowns,” says 

Ian Fells, an expert in electricity 

transmission based at Newcastle 

University in the UK. “It’s an 

utterly bizarre idea to try to land 

a plane on one.”  Paul Marks  ●

SOFTWARE designed to help physicists 

tackle complicated mathematics 

seems to be encouraging students 

to focus on the wrong aspects of 

scientific problems.

Interested in how students use 

computer programs to solve problems, 

physicists Thomas Bing and Edward 

Redish of the University of Maryland, 

College Park, analysed videos of teams 

of students as they worked on their 

assignments. Among other tools, 

the students used   Mathematica , 

a program that crunches not only 

numbers but also symbols, enabling 

it to do algebra and calculus.

By solving equations that might 

take days to solve with a pencil and 

paper, Mathematica frees up 

researchers to explore larger 

questions and to explore more 

problems. But this comes at a cost, 

Bing and Redish warn. 

Using Mathematica for physics 

involves two stages: choosing a 

strategy for solving the problem, and 

then implementing that strategy by 

typing in a few lines of computer 

code. Although the second stage can 

require formidable mathematical 

ability, it is the first that trains a 

student in physics. 

The researchers found that 

Mathematica encourages students 

to focus on the second, programming 

stage, at the expense of the first 

(  www.arxiv.org/abs/0712.1187 ). 

“Mathematica affects the kind of 

reasoning they use,” says Bing. “They 

focus on computational aspects of 

the problem, while suppressing the 

connection with the physics.”

During an assignment in which 

students used Mathematica to solve 

a problem in quantum theory, their 

first answer was infinity. This was 

obviously wrong, but instead of 

going back to check whether they 

had chosen a sensible strategy, they 

repeatedly came up with new ways to 

program the same strategy, and failed 

to solve the problem. Students might 

get trapped in this “sticky mindset” 

even when doing the calculation by 

hand, but Mathematica’s speed at 

doing calculations makes it more 

likely, Bing and Redish say.

This is a common problem, 

according to researchers who study 

the psychology of how people 

interact with computational devices. 

“We often see,” says Elspeth McKay 

of the RMIT University in Melbourne, 

Australia, “that automated thinking 

tools tend to block people’s capacity to 

see or know the broader context of the 

problem they face.”  Mark Buchanan  ●

“It is an utterly bizarre 
idea to try to land a 
plane on a power line”

–Spy plane in disguise?–

The Pentagon’s  
new line in 
powered flight 

When it’s time 
to sit back and 
think again
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 ●
OF ALL the planets in our solar system, 

Mercury is an enigma. The chimeric 

planet has a face like the moon, yet 

conceals a metal heart larger than that of Mars; 

while all of the major planets go around the 

sun in more or less the same plane, Mercury 

opts for a jaunty angle; while Earth’s orbit is 

essentially round, Mercury prefers an ellipse; 

and let’s not forget the magnetic field that it 

shouldn’t have. Clearly, the closest planet to 

the sun is trying to tell us something.

It even had a famous fan: Albert Einstein. 

Mercury’s odd motion around the sun was 

impossible to explain with Newton’s theory 

of gravitation alone. The puzzle remained 

until Einstein used it as the first convincing 

evidence for his general theory of relativity.

Now astronomers think it holds another 

secret: how the solar system itself was formed. 

Ralph McNutt, a planetary scientist at   Johns 

Hopkins University  in Baltimore, Maryland, is 

in no doubt about the planet’s importance. 

“Mercury is the key to the solar system,” he 

says. If you can explain how such an oddball 

planet came together, it would go a long way 

to explaining how all the others formed. 

For more than 30 years we have virtually 

ignored Mercury. Yet that’s all about to change 

thanks to NASA’s   Messenger  spacecraft. 

Launched on 3 August 2004, the probe is 

about to begin a series of three fly-bys which 

will manoeuvre it into position to enter orbit 

around Mercury on 18 March 2011. 

The inaugural fly-by on 14 January will 

provide the first opportunity to explore 

Mercury since 1975, when NASA’s   Mariner 10  

spacecraft completed its third and final fly-by. 

Planetologists are getting excited. McNutt, the 

mission’s project scientist, and his colleagues 

have a big list of Mercurial mysteries to solve, 

and believe that Messenger could crack some 

of them on its first pass.

Was Mercury once 
twice the size?

Mercury is peculiarly dense, suggesting it 

hides a huge iron core, which would account 

for more than 40 per cent of the planet’s 

volume. This is a gigantic proportion 

compared to Earth’s core, which fills just 

17 per cent of its interior, and its origin is one 

of the planet’s biggest mysteries. 

One possibility is that the large core may 

simply reflect the fact that Mercury formed 

from the hot gas cloud surrounding the sun, 

where only metals with high melting points 

could have solidified. Rockier materials would 

not have condensed so close to the sun, leaving 

a metal-rich embryonic planet. Or perhaps 

proto-Mercury formed before the sun’s fierce 

heat began and had rocky outer layers which 

then evaporated as the young sun heated up.

New ideas have emerged as computing 

power has increased. Planet-formation models 

suggest that enormous asteroid-like objects 

were hurtling around the early solar system, 

colliding and coalescing. Perhaps one of these, 

from as far away as Mars or beyond, smashed 

into Mercury so violently that it blasted most 

of Mercury’s outer layers into space, leaving 

the planet just half its original size. 

The clues to Mercury’s formation should 

lie in its surface composition, but even there 

the planet shrouds itself in mystery.

If Mercury formed close to the sun, there 

shouldn’t be much iron oxide on its surface, 

since this otherwise common molecule forms 

Ready   
Mercury?
If you want answers to the solar system’s big questions, 
get as close to the sun as you can, says Stuart Clark
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more easily at low temperatures. If, however, 

Mercury formed when building blocks from 

across the inner solar system coalesced, 

then its crust should have about the same 

iron oxide content as Earth’s, regardless of 

whether a giant impact once blasted Mercury’s 

surface layers into space. 

The trouble is that Mercury sits between 

these two extremes. Direct observations from 

Earth indicate that it is 3 per cent iron oxide 

by mass, compared to Earth’s 8 per cent. 

Messenger should be able to clarify this 

situation. The probe will also measure other 

key elements and identify the minerals they 

combine to create across the surface of the 

planet. For example, if Mercury’s outer layer 

evaporated long ago, planetary scientists 

would expect very low quantities of silicon 

dioxide and large amounts of magnesium 

oxide, which has a higher melting point. 

Other formation scenarios predict different 

combinations and quantities.

But what if Messenger sees something 

that no one has predicted? “People can always 

come up with explanations,” Jeffrey Taylor of 

the   Hawaii Institute of Geophysics and 

Planetology  in Honolulu.  

both the moon and Mars, but they are 

relatively small-scale phenomena, dubbed 

crustal anomalies, which seem unlikely to 

account for a planet-wide field.

Recent measurements from radio 

telescopes suggest that there is a molten 

mantle churning inside Mercury, because 

of the way the planet wobbles. Such wobbles 

depend upon the distribution of mass 

inside a planet – whether it is moving as 

a single, solid entity or instead sloshing 

around because part of it is liquid. Jean-Luc 

Margot of Cornell University in Ithaca, 

New York, and his colleagues have recently 

shown that Mercury’s wobble is twice that 

expected from a completely solid object 

(  Science, vol 316, p 710 ).

So what’s keeping the interior molten? A 

popular theory is that the iron is mixed with 

sulphur, which would lower the freezing point 

of the core, allowing it to remain fluid.

There will be no way to probe the 

composition of the core during Messenger’s 

first fly-by, but the path the spacecraft takes 

as it slingshots around the planet will reveal 

much about Mercury’s internal structure. 

“With a closest approach of 200 kilometres, 

Why does Mercury 
have a magnetic field?

Mercury’s large, dense core generates more 

than just confusion. It also gives rise to a 

magnetic field, as Mariner 10 discovered. 

The field itself is small – just one-thousandth 

of the strength of Earth’s – but its mere 

presence was perhaps the biggest surprise of 

the discoveries made in the 1970s. Put simply, 

it should not be there.

A magnetic field is usually generated in the 

core of the planet from a circulating region of 

electrically conducting, molten material. As 

large as Mercury’s iron core is in relation to 

the planet, it is still only half the diameter of 

Earth’s core. This, combined with the thinner 

layer of insulating rocks around it, means 

that Mercury’s core should have long since 

radiated away its heat and solidified, putting 

an end to any magnetic field.

There is a slim chance that it is a “fossil 

field”, created by magnetic material deposited 

in Mercury’s crustal rocks as the planet 

solidified. Fossil fields have been detected on JP
L/
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A
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we will be able to measure the mass 

distribution of the planet and tell the extent 

of the molten core,” says McNutt.

At the same time, Messenger’s 

magnetometer will be studying the shape 

of Mercury’s magnetic field to see whether 

it resembles that of a classic bar magnet. 

This would prove the field is generated in 

the core, as is Earth’s field.

Yet even if they see this, the job is far from 

over, says Sean Solomon at the   Carnegie 

Institution for Science  in Washington DC, and 

the principal investigator for Messenger. He 

points out that simply scaling down the size 

and speed of Earth’s liquid core to Mercury 

proportions would produce a field far stronger 

than Mercury’s. “Something different must be 

going on inside Mercury,” he says.

What that might be is still anyone’s guess, 

but Messenger’s fly-bys will help find out. 

“We should get a good measurement of the 

internal field, and possibly some crustal 

anomalies also,” says Solomon.

What does the far side 
of Mercury look like?

Mariner 10’s carefully planned trajectory 

around the sun took it repeatedly past the 

planet, rather than into orbit around it. 

For every loop the probe made around the 

sun, the planet completed two orbits. This 

and Mercury’s slow rotation rate meant 

that Mariner 10 always saw the same 

hemisphere bathed in sunlight, while the 

other remained hidden in darkness. 

As a result, Mariner 10 only managed 

to image 44 per cent of the planet’s surface. 

Being the first craft to orbit the closest 

planet to the sun, Messenger should finally 

reveal the rest. One of the structures 

awaiting us is the whole of Mercury’s   Caloris 

Basin , one of the biggest impact structures 

in the entire solar system. Mariner 10 

photographed only half of it.

Caloris is estimated to stretch for 1350 

kilometres and is seemingly ringed by 

mountains. The basin contains a flat, dark 

lava plain similar to the lunar maria. The 

crater may also allow us a glimpse “inside” 

Mercury because the impact will have 

excavated vast quantities of material 

from deep within the planet. “Caloris is 

a drill hole – a messy one – but a drill 

hole nonetheless,” says Taylor. He suggests 

that the smash may have thrown lower-

crust and even upper-mantle material 

onto the surface, where Messenger will 

soon be able to see it.

Messenger will capture images of half 

of the remaining hemisphere starting this 

month and fill in the gaps on its second 

pass, on 6 October. The planet preserves a 

virtually unblemished record of impacts 

across its near airless surface. Once the map 

of Mercury is complete, astronomers will be 

able to deduce the frequency and ferocity of 

collisions close to the sun during Mercury’s 

lifetime – crucial for the understanding the 

how the solar system formed.

Does Mercury have 
polar ice caps?

As bizarre as it seems for a planet whose 

sunny side is hot enough to melt lead (see 

How Mercury measures up, page 27), Mercury 

may have icy deposits. “Radar echoes from 

Mercury’s polar regions are very strong and 

look like the echoes we get from Mars’s 

polar caps, and from the icy satellites of 

Jupiter,” says John Harmon of the   Arecibo 

Observatory  in Puerto Rico. 

The specific radar bright spots that the 

astronomers can see all seem to coincide 

with known polar craters. This evidence 

suggests that these craters are “cold traps” – 

permanently shaded regions of Mercury’s 

surface where molecules freeze out of the 

planet’s ultra-tenuous atmosphere.

Messenger will be unable to peer into the 

polar craters during its fly-bys, as its closest 

approach is above Mercury’s equatorial 

region. However, mission controllers will 

turn the probe’s cameras towards the poles 

on its first pass to look for telltale signs of 

icy material boiling off.

“Even though the crater floor is in shade, 

the walls can still heat up,” Harmon explains. 

These walls radiate their heat, warming the ice 

on the floor sufficiently for some of it to boil 

back into Mercury’s pseudo-atmosphere. 

What the ice is made of is another 

question. While it could be water ice, it 

could also be anything that reflects rather 

than absorbs the radar signals, such as 

sulphur. If the polar deposits turn out to 

be water ice, they must be the remains of 

comets that have collided with Mercury. 

If they are sulphur, they will have originated 

in the planet’s interior and seeped out as a 

result of volcanic activity. Once Messenger 

settles into orbit in 2011, it will investigate 

the polar deposits in greater detail.
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nature of these mysterious energy fields.

Once in orbit around Mercury, the craft 

will test general relativity in two ways. First, it 

might simply detect a subtle deviation in the 

position of the planet that relativity cannot 

account for. Second, and more decisively, 

mission scientists will time the delay in radio 

signals the spacecraft sends back to Earth as 

Mercury begins to go behind the sun. This 

delay will be caused by the signal dropping 

into the sun’s gravitational well before 

“climbing” out the other side. 

This phenomenon is predicted by relativity 

to be the equivalent of the radio signals 

travelling an extra 70 kilometres through space. 

With a tracking accuracy of 10 centimetres, 

BepiColombo will measure this distance more 

accurately than before and spot any anomalies.

Luciano Iess at the University of Rome La 

Sapienza, Italy, conducted a   similar experiment  

with the   Cassini  spacecraft at Saturn in 2003. 

It just reached the accuracy at which violations 

of relativity are expected to show up, but none 

was seen. Iess is now principal investigator of 

BepiColombo’s radio science experiment. “We 

will improve on the accuracy of the Cassini 

experiment by a factor of 10,” he says, making 

it the sharpest test of general relativity yet.  ●

Stuart Clark is a science writer based in 
Hertfordshire, UK (www.stuartclark.com)

test fundamental physics. “We’ll feel the effects 

of relativity – and have to correct for them – 

but we won’t be able to test relativity to more 

stringent limits than before,” says McNutt.

Fortunately, Messenger is not the only 

Mercury mission we have to look forward to. 

The European and Japanese space agencies 

plan to launch a joint mission to Mercury 

in 2013, and this one does plan to probe 

fundamental physics. Called   BepiColombo , 

it is larger than Messenger and will consist of 

two orbiting spacecraft. One will scrutinise 

the surface of Mercury while the other will 

investigate the details of its magnetic field. 

Researchers are already referring to Messenger 

as the appetiser to BepiColombo’s main course.

For general relativity, BepiColombo will 

carry radio equipment that allows mission 

controllers to track the position of the 

spacecraft to an accuracy of 10 centimetres. 

This accuracy will enable them to deduce 

the motion of the planet to within 10 metres. 

At present, the planetary position is only 

known to an accuracy of several kilometres.

Gravitational physicists and cosmologists 

are becoming increasingly convinced that 

general relativity must break down beyond 

a certain level of accuracy, as a result of the 

new energy fields they postulate to account 

for the accelerating expansion of space. Each 

new field that theorists introduce produces 

a subtle deviation from the behaviour that 

relativity predicts for gravity. If BepiColombo 

detects such violations of general relativity, 

they will discover a strong clue as to the 

Why is Mercury’s 
orbit so tilted?

Of all the major planets, Mercury has the 

weirdest orbit. It is elliptical, swinging 

46 million kilometres from the sun right out 

to 70 million kilometres and back again. The 

88-day orbit is tilted too, inclined at about 

7 degrees to the orbital plane of Earth. 

At first glance, Mercury’s odd orbit seems 

to be compelling evidence that it was walloped 

by another large body – perhaps the same 

impact that may have stripped its outer layers. 

As ever, though, things are not clear-cut.

“You don’t need a giant impact to do this,” 

says Solomon. “Gravitational interactions can 

pump up oddities in planetary orbit.” Such 

interactions occur when planetary objects 

continually pass close to one another, which 

could have happened to Mercury during the 

formation of the solar system. Repeated 

gravitational nudges can force bodies into 

increasingly elongated orbits. “All you need is 

for an orbit to be stable, rather than circular,” 

says Solomon, citing the various “exoplanets” 

now being found around other stars, many of 

which also have elliptical orbits.

There is probably no single observation 

that Messenger can make to determine the 

origin of Mercury’s orbit. Instead, when 

results from the probe’s many investigations 

are collated to provide the big picture of the 

planet’s formation history, we will know 

whether a large impact was likely sometime in 

its past. If it was not, the focus will turn to 

modelling Mercury’s orbit using the softly, 

softly approach of gravitational interactions.

Is there physics 
beyond Einstein?

Orbiting so close to the sun, Mercury feels 

its gravitational pull most keenly, making 

it the perfect place to test general relativity. 

As Einstein showed, the effects of general 

relativity constantly alter the planet’s 

path. On its elliptical orbit, Mercury dips in 

and out of the dent in space caused by the 

sun’s mass, and this turns the planet’s orbit. 

Any slight inconsistencies in this motion 

might reveal new physics in action.

However, Messenger was not designed to 
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Genes for greens 
A new generation of genetically modified crops could reduce greenhouse gas emissions by 
more than grounding all the aircraft in the world. Peter Aldhous investigates
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 ●
PAUSE for a moment the next time 

you pass a farm. It looks pretty green 

on the surface, doesn’t it? Take away 

the diesel-guzzling machinery and pesticides, 

and farms would be green in every sense, you 

might think. No wonder some see agriculture 

as the answer to global warming, as the rush to 

produce biofuels illustrates. 

But appearances can be deceptive. In fact, 

farming contributes more to global warming 

than all the world’s cars, trains, ships and 

planes put together. And the single biggest 

problem with farming is not carbon but 

nitrogen. From the maize fields of Kansas 

to the emerald rice paddies of China, today’s 

bountiful harvests depend on generous 

applications of nitrogen fertiliser. Although 

only a tiny proportion escapes into the 

atmosphere as nitrous oxide, it is an 

extremely potent greenhouse gas.

It’s a vexing problem, but Eric Rey believes 

he has some of the answers, in the form of 

crops genetically modified to require less 

fertiliser. Rey is a lifelong member of America’s 

oldest environmental group, the Sierra Club, 

and he aims to persuade greens that plant 

biotechnology can make farming more eco-

friendly – a pastoral dream encapsulated in 

the name of his company, Arcadia Biosciences.

Given the fervour with which many green 

activists have attacked genetically modified 

crops, they will take some convincing. But for 

most farmers what matters is the bottom line. 

Already, the giants of the plant biotech 

industry are working on traits, such as 

tolerance to drought and salt, which may 

be crucial for maintaining yields in a world 

gripped by climate change. And, like Arcadia, 

they want to produce crops that require less 

fertiliser. Such crops would not only cut costs 

and slash farming’s greenhouse gas emissions, 

they would also reduce the nitrate pollution 

that taints drinking supplies and turns rivers 

and coastal waters into dead zones.

While the benefits could be considerable, 

the risks may be greater too. Will drought-

tolerant crops open up new land for farming, 

threatening fragile arid environments? Could 

salt-tolerant rice pass genes to a wild relative, 

producing a weed that overwhelms estuarine 

ecosystems? No one has firm answers yet, but 

the next skirmishes in the GM-crop wars could 

be where things start to get really interesting.

For now, we are in a period of uneasy quiet. 

The first generation of GM crops have traits, 

such as herbicide tolerance and resistance to 

insect pests, that benefit producers. So far 

consumers have failed to see what’s in it for 

them, while green activists have attacked GM 

agriculture, arguing among other things that 

it encourages farming practices that damage 

rural biodiversity.

In Europe, the opposition has been enough 

to delay the introduction of GM crops to fields 

and GM foods to supermarket shelves . But 

will climate change trump these concerns? 

Could crops designed to maintain yields in a 

warming world, or even to curb greenhouse 

emissions, eventually overcome Europe’s 

distaste for GM products?

However such crops are greeted, there is 

no doubt they are coming. There is a growing 

realisation that climate change will be a 

serious challenge for farmers – and that could 

mean big profits for companies that can help 

them adapt. Over the past year, industry 

leader Monsanto of St Louis, Missouri, asked 

leading academics and its own scientists to 

consider how farming should adapt in the face 

of global warming. Their conclusion: in a 

changing and unstable climate, stresses that 

threaten crop yields, such as drought, may 

become more frequent and severe. “One of 

our main focuses right now is on helping 

plants adapt to environmental stress,” says 

David Fischhoff, Monsanto’s vice-president 

for technology strategy and development.

The first of this new generation of GM 

crops will be varieties of maize that can 

survive periods of drought, or make do with 

less water during the growing season. There 

is already a strong demand, as drought costs 

maize farmers $3.4 billion a year in the US 

alone, and around $8 billion globally.

Engineering plants to tolerate water 

shortage is more complicated than simply 

inserting a gene for herbicide resistance or an 

insecticidal protein. What works in one crop 

variety, and in one environment, may not 

work in another (see “Who needs rain?”, page 

31). Still, Monsanto and its rivals claim that 

they can already boost maize yields in dry 
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 “The aim is to persuade greens 
that genetically modified crops 
can make farming eco-friendly”



Agricultural University in Wuhan, China, 

showed that rice plants engineered to 

overexpress a gene called SNAC1 were better 

able to tolerate drought and saline soils 

(  Proceedings of the National Academy of 

Sciences, vol 103, p 12987 ). This makes sense, 

as the gene encodes a protein that switches on 

other genes known to help plants respond to 

environmental stresses.

 For now, Xiong’s team is concentrating on 

improving drought and salt tolerance in rice 

using conventional breeding, as the Chinese 

government has not decided whether to 

approve the commercial planting of GM 

rice (although some is being grown illegally). 

Should GM rice get the official nod, says 

Xiong, “we will push forward very quickly”.

Commercial cultivation of GM rice in China 

will be controversial. Not only is rice of great 

cultural significance, but there are also 

concerns about exports to countries where 

consumers shun GM food. Stark realities may 

eventually force the issue, though. China is 

already draining its rivers and groundwater 

reserves to irrigate rice and other crops, and 

problems with water shortages and salinity 

will only get worse as its rapidly growing cities 

demand ever more water. That could persuade 

the world’s leading rice-producing nation to 

turn to drought and salt-tolerant GM varieties, 

despite the threat to exports.

Gene flow is inevitable
Drought-tolerant maize is much closer to 

commercialisation, but has attracted relatively 

little attention from environmentalists. One 

reason is that maize has no wild relatives with 

which it can readily exchange genes, aside 

from in parts of Mexico. And for now, ecologists 

accept that biotech firms are not seeking to 

create crops that allow untouched land to go 

under the plough. “We’re targeting the major 

growing area,” says Pioneer’s Albertsen. “We 

don’t want to turn corn into a cactus.”

But as efforts to confer drought and salt 

tolerance to other crops gather pace, concerns 

will grow – especially surrounding rice. Not 

only is rice the staple diet for almost half of 

the world’s population, but weedy relatives 

grow throughout its global range. Some flow 

of genes to these weeds is inevitable, says 

Allison Snow, an ecologist at Ohio State 

University in Columbus.

Gene flow from transgenic plants has 

happened on   many occasions  already, but 

traits such as tolerance to drought and salt are 

different from those found in most existing 

GM crops in that they could give plants that 

acquire them a big advantage in some natural 

ecosystems. While a weed that gains a gene for 

herbicide resistance will benefit from it only 

on lands sprayed with the chemical in 

conditions by around 10 per cent. The 

first commercial varieties could become 

available soon after 2010.

Drought-tolerant versions of other plants 

are not far behind. “We’re looking for ways 

to leverage what we find in maize into other 

crops,” says Marc Albertsen of Pioneer Hi-Bred 

International in Johnston, Iowa.

In drought-stricken Australia, a team led 

by German Spangenberg is now running field 

trials of 30 different lines of GM wheat at the 

Victorian AgriBiosciences Centre at La Trobe 

University in Melbourne, Victoria. The lines 

have various genes that may help the wheat 

tolerate drought, taken from sources such as 

maize, brewer’s yeast, thale cress and a moss.

Salt tolerance is another trait in researchers’ 

sights. When groundwater is used to irrigate 

thirsty crops in dry regions, any salt it carries 

builds up in the soil. Salinity is already a 

huge problem worldwide, and as sea level 

continues to rise, coastal agricultural land 

may become increasingly contaminated with 

sea water. So salt-tolerant crops could make 

a big difference.

Arcadia, based in Davis, California, has 

made plants more tolerant of salt by adding 

a thale cress gene for a protein that pumps 

sodium ions from the main compartment 

of plant cells into their fluid-filled “storage 

tanks”, called vacuoles, along with a powerful 

“promoter” sequence that boosts the gene’s 

activity. It has licensed the technology for use 

in the forage crop alfalfa to Cal/West Seeds, 

a seed producers’ cooperative based in 

Woodland, California, and is now working 

on salt-tolerant rice, cotton, tomatoes and 

oilseed rape (canola).

In some cases, the same genetic 

modification may help crops tolerate both 

drought and salt. In 2006, for instance, 

researchers led by Lizhong Xiong of Huazhong 

 “If you can make money by 
solving environmental problems, 
you’ve got the best of all worlds”

30 | NewScientist | 5 January 2008  www.newscientist.com

B
LA

CK
 C

O
FF

EE
 P

R
O

JE
CT



question, genes for salt tolerance might turn 

weedy rice into a serious pest in estuaries, for 

example. “The risks of something that could 

expand into a new niche would be larger,” 

Snow says.

“Salty and arid ecosystems are often pretty 

much bare soil,” says Brian Johnson, a former 

government advisor who helped instigate 

ecological trials of some GM crops in the UK. 

This makes these ecosystems vulnerable to 

being overrun – as invasive exotic plants have 

shown. Down the US Pacific coast, for 

example, the cord grass Spartina alterniflora, 

introduced in the 19th century, is turning 

mudflats into thickly vegetated salt marshes, 

destroying feeding grounds for wading birds 

and clogging waterways by trapping large 

quantities of sediment.

Ecologists are calling for research into the 

potential for similar problems to emerge from 

drought and salt-tolerant crops, rather than a 

moratorium on their development. “Inevitably, 

I think we’re going to need traits like these,” 

says Johnson. “We’re going to have to take a 

big gulp  and consider the risks.”

Groups that have spearheaded the campaign 

against genetically modified crops remain 

sceptical. “I have no doubt that people 

working in this area have good intentions,” 

says   Clare Oxborrow , an anti -GM campaigner 

with Friends of the Earth UK. “But if you look 

at what GM has delivered, the cost of it and the 

risks, it’s almost a technology trying to find a 

use. We’re just not convinced this is the way 

to be going.”

Even Oxborrow leaves some room 

for manoeuvre, however. “We wouldn’t shut 

the door completely,” she says. “We’re not 

fundamentalist about it.” So perhaps 

environmentalists might buy into Rey’s green 

GM vision, if he can come up with an 

application that everyone agrees is 

environmentally beneficial.

The answer, Rey believes, is a trait called 

nitrogen-use efficiency. Across much of the 

globe, yields depend heavily on huge 

quantities of nitrogen fertiliser. Its 

manufacture emits vast amounts of carbon 

dioxide – 1 per cent of all greenhouse 

emissions, according to some estimates – and 

this is just the start. Most crops take up less 

than half of this nitrogen, which means that 

nitrates contaminate soil, groundwater and 

run-off. One result is the algal blooms whose 

die-offs cause   dead zones  in coastal waters 

worldwide. Worse still, nitrates in the soil can 

be converted to   nitrous oxide , a greenhouse 

gas that is 300 times as potent as carbon 

dioxide, molecule for molecule.

The level of nitrous oxide in the 

atmosphere has risen by 18 per cent since 

the dawn of modern agriculture, and nitrogen 

fertiliser is the main cause of the increase. In 

terms of warming potential, nitrous oxide 

emissions from farm soils account for 6 per 

cent of global greenhouse emissions.

Arcadia’s solution is a gene for an enzyme 

called alanine aminotransferase, involved in 

the production of proteins and originally 

isolated from barley (  Canadian Journal of 

Botany, vol 85, p 252 ). Hooked to a sequence 

that ensures the gene is switched on in plant 

roots, it seems to boost the ability to take up 

nitrogen from the soil in a wide range of 

plants. Arcadia claims field tests over five 

growing seasons show that GM oilseed rape 

can either produce about the same yield using 

just a third of the fertiliser, or boost yield by a 

third using current quantities. In practice, 

farmers in the US would be best off using 

about 40 per cent less fertiliser and getting 

smaller yield gains. Arcadia has licensed the 

technology for oilseed rape to Monsanto.

Given the lower costs and higher yields, 

most major agbiotech companies are working 

on ways to boost nitrogen efficiency. But 

Arcadia is way out front when it comes to 

touting the trait’s ability to slow global 

warming. Reduce fertiliser use, and you 

should be able to cut emissions of nitrous 

oxide in direct proportion. Indeed, cutting 

fertiliser use by about a third would reduce 

greenhouse emissions by more than 

grounding every single aircraft in the world.

There are other ways to reduce nitrous 

oxide emissions. Changes in farming 

practices, such as in the timing or way 

fertilisers are applied, can make a difference. 

Greenpeace claims that farmers use too much 

fertiliser anyway, and could cut down. However, 

even if all these things were done, nitrogen-

efficient crops would allow still greater 

reductions in fertiliser use.

Arcadia is now working with officials in the 

autonomous region of Ningxia in northern 

China to quantify the reductions in emissions 

when rice carrying the gene for alanine 

aminotransferase is grown with less fertiliser . 

The goal is to launch a project under the Kyoto 

protocol’s Clean Development Mechanism, 

under which rich nations that are struggling 

to meet their pledges to reduce greenhouse 

gas emissions can instead pay to achieve cuts 

in poorer countries – such as China – that are 

not yet bound by targets.

“I think it’s probably going to take us two 

years or so of work in the field, then a year or 

two to go through the approval process,” says 

Rey. If approved, Arcadia and local farmers 

will share in the profits from selling carbon 

credits. And to Rey, that seems like the right 

formula to get those who doubt his Arcadian 

vision to sit up and take notice. “If you can 

figure out a way to solve an environmental 

problem in a way that makes money, you’ve 

got the best of all worlds,” he says.  ●

This figure excludes emissions from manufacturing fertiliser, which other sources 
estimate at 1% of total greenhouse emissions

Who needs rain?
The first generation of GM crops 

was created by a “one size fits all” 

approach. Biologists took a single 

gene for, say, herbicide resistance 

and stuck it in whatever plant they 

wanted to alter. When it comes to 

dealing with drought, however, 

this crude approach won’t do.

There are several ways to 

help plants tolerate drought. 

One is to enable them to survive 

dehydration, for instance, by 

boosting production of a sugar 

called trehalose. This is the secret of 

desert-living “resurrection plants”. 

Similarly, a protein called HVA1 can 

protect other proteins when cells 

dry out. And many plants 

already have genetic programs 

for surviving stress that can be 

boosted. Another approach is to 

reduce water loss. This could be 

done by restricting the opening of 

leaf pores called stomata, through 

which water evaporates.

The trouble is that if there is 

no drought, yields from plants 

modified in these ways will 

sometimes be lower than in 

unaltered varieties. Restricting 

pore-opening cuts the supply of 

carbon dioxide for photosynthesis, 

for example. And farmers don’t 

want to have to pay a hefty 

price in terms of yield for 

insurance against drought.

To minimise the trade-off, 

drought tolerance will have to 

be tailored to specific crop species, 

varieties and environments. In 

Australia, for example, wheat is 

grown both in Queensland, where 

rain mostly falls outside the 

growing season, but gets locked 

in the soil beneath a dried crust, 

and in Western Australia, where 

small amounts of rain fall 

throughout the growing season, 

but quickly evaporates. The genetic 

strategies may need to be tailored 

for each of these scenarios.
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 ●
THE ad promised the cruise of a 

lifetime: a chance to visit one of the 

remotest regions on Earth, with 

stunning views of glaciers, penguins, seals 

and the odd humpback whale. Yet for 100 

passengers who embarked on the MS Explorer 

in November 2007, the trip to Antarctica 

provided a rather different kind of thrill.

On 23 November the vessel was off King 

George Island, some 100 kilometres from 

the tip of the Antarctic Peninsula. Most of 

the passengers were in bed when, at about 

1.20 am local time, the vessel struck a chunk of 

ice. The impact tore a hole in the hull – a gash 

more than a metre long, according to the 

Argentinian coastguard – and water started 

pouring in. Attempts to control the flooding 

failed and the passengers and crew had to 

take to the lifeboats. After 4 hours in freezing 

temperatures they were picked up by a 

Norwegian cruise ship. The Explorer 

eventually sank in over 1000 metres of water.

It is almost 100 years since an iceberg sent 

the Titanic to the bottom of the Atlantic with 

around 1500 passengers and crew. Since then, 

ships have become far more robust and are 

fitted with radar that can look out for ice 

ahead. What’s more, iceberg warnings are now 

issued in both northern and southern waters. 

Yet as the fate of the Explorer shows, sailing at 

high latitude is still dangerous: each year two 

ships on average are seriously damaged by 

collisions with floating blocks of ice that can 

weigh tens of thousands of tonnes. That is 

why there were some raised eyebrows among 

experienced mariners when Bob Gagnon, 

an ice physicist at the Institute for Ocean 

Technology (IOT) in St John’s, Newfoundland, 

Canada, proposed crashing a ship into an 

iceberg – on purpose. “I thought it was pretty 

crazy,” says Lawrence Meisner, a ship’s captain 

now retired from the Canadian Coast Guard. 

“The last thing we want to do is hit ice; we try 

our best to avoid it.” 

Gagnon’s thinking was that staging a 

collision would yield information about how 

a vessel responds that could then be used 

to improve the safety of shipping in ice-

strewn waters. There is still precious little 

information on how factors such as the shape 

of a berg, the state of the sea, a vessel’s speed 

and the design of its hull affect what happens 

when metal meets ice. “We needed to find 

out what kind of pressure and load ships 

Collision course
Ice can sink even a modern ship, so ramming 
icebergs time after time seems unwise to say the least. 
Kate Ravilious reports on an unorthodox experiment



www.newscientist.com 5 January 2008 | NewScientist | 33

now hunt for shrimp along the ice margin of 

Canada’s Labrador coast, for example. And 

with mining and oil prospecting pushing ever 

further into the Arctic, more supply vessels 

and tankers than ever are plying dangerous 

waters. Oil and gas companies are particularly 

concerned by the threat to tankers and 

structures such as oil rigs. In the 1980s, a 

drifting berg came within a couple of hundred 

metres of running down an oil rig off the 

Canadian coast, and some companies now 

keep ships ready to tow icebergs clear if they 

are putting a rig at risk.

Yet for shipping it is not huge, drifting 

bergs that are the danger, as these mountains 

of ice show up clearly on ships’ radar. What 

seafarers worry about are the house-sized 

lumps nicknamed bergy bits and car-sized 

chunks called growlers. With only 12 per cent 

or so of the volume of any berg breaking the 

surface, these smaller chunks of ice are almost 

invisible to radar. Yet a bergy bit can still weigh 

in at up to 10,000 tonnes, and even a growler 

may weigh 100 tonnes or more. “These are the 

ones that give us heartburn,” says Meisner. 

“They get lost as they bob up and down in the 

swell and you can’t see the darn things.” Yet 

they are easily massive enough to tear a hole 

in the steel plating of a ship’s hull. “If you 

hit one it can cause serious problems.” Just 

about all the significant collisions in the last 

25 years have been with growlers and bergy 

bits, says Brian Hill of the IOT, who maintains 

  a database of collisions between icebergs 

and ships . 

 Clearly an experiment that involves 

ramming icebergs – of whatever size – calls for 

a specially reinforced vessel. Initially Gagnon 

planned to use a strengthened barge, but 

after talking to experts he decided a more 

manoeuvrable ship would be better for the 

job. The obvious choice was the Terry Fox – 

the most heavily armoured icebreaker in 

the Canadian Coast Guard fleet. Meisner, its 

skipper at the time, took some convincing but 

eventually agreed to take on the job.

The next task was to find a suitable area for 

the tests. The perfect spot would have plenty 

of bergy bits and growlers, but not too strong 

an ocean swell. After surveying the coast 

of Newfoundland from the air, they found 

what they needed near St Anthony Bight, 

close to the northern tip of the island. 

Gagnon’s plan was that each growler and 

bergy bit would be carefully characterised 

before any impact. Researchers on board a 

support vessel, the Mottak, would use cameras 

and sonar to measure the size, mass and 

shape of each iceberg, above and below the 

waterline. Then one brave soul would set out 

in a small boat, climb onto the berg and drill 

into it to measure its temperature profile. 

This would reveal important information 

on the physical properties of the ice. Finally, 

the Mottak would lasso the berg and tow it 

to a suitable patch of open ocean for the 

crash test.

Full speed ahead
On 18 June 2001, a somewhat apprehensive 

Meisner and his crew lined up the Terry Fox 

for her first collision. The berg they had 

selected was a growler weighing around 100 

tonnes. With measurements complete, 

Meisner set the vessel steaming full ahead, 

aiming to make contact with the ice just to 

one side of the bow. 

Hitting icebergs a glancing blow is 

generally more dangerous than a head-on 

smash. In most ships the bow is the 

strongest part of the hull, with more closely 

spaced frames and a thick, curving “stem bar” 

that transfers forces to a strong central 

girder. Striking an iceberg with the shoulder 

of the ship – where the bow meets the main 

body of the hull – can transfer the force 

straight to the frame, and this can be enough 

to snap welded joints. “It’s like hitting 

someone in the ribs,” says Meisner. And just as 

with broken ribs, this damage can remain 

hidden from view. 

To monitor how the Terry Fox stood up 

to the collision, Gagnon installed a number of 

instruments around the vessel. His team 

wired a strain-gauge panel inside the forward 

ballast tank to measure the forces and 

pressures experienced by the frame of the 

ship and to measure any deformation. At the 

bow and in the centre of the ship the 

researchers placed accelerometers and 

motion-sensing units to record its roll, pitch 

and heave. And key to the whole experiment, 

on the hull between the bow and shoulder, 

divers mounted a specially designed panel to 

record and map the forces of the collision. 

experience during a collision, and what kind 

of speeds it is safe to operate at,” Gagnon says. 

The experiment posed some serious 

challenges. For a start, Gagnon needed a vessel 

strong enough to survive being rammed into 

an iceberg, plus a captain and crew willing to 

take the risk. Just as important, he needed to 

devise sensors capable of recording the forces 

generated at the instant of collision. No one 

had ever before tried crash testing at sea on 

such a mammoth scale.

Yet ensuring that ships don’t come to grief 

in collisions with icebergs is, if anything, more 

important than ever. As global warming takes 

hold, icebergs will become far more numerous 

and drift further from the poles, according to 

many predictions. At the same time, more ships 

are venturing into polar waters. Adventurous 

tourists, like those aboard the Explorer, can 

now take cruises to the edge of the ice caps. 

 Meanwhile, dwindling fish stocks are 

pushing fishing vessels into new waters: many 

A collision with a small 
berg sent the cruise ship 
Explorer to the bottom
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impact with a small, hard region of ice within 

a berg could generate pressures of up to 

20 megapascals – the equivalent of a weight of 

2000 tonnes resting on 1 square metre. “The 

way the load is distributed is key,” says 

Gagnon. “If the load is uniformly distributed 

over a large area then the likelihood of 

damage is reduced, whereas if the same load is 

concentrated in a small area the pressure can 

really get the rivets popping.” 

Unlike the sturdily reinforced Terry Fox, an 

oil tanker or a fishing trawler would be in deep 

trouble if it suffered similar impacts. Marine 

architects expect to learn a lot from Gagnon’s 

experiments about how to make regular 

vessels less vulnerable. The forces generated 

between vessel and ice are easily the largest 

uncertainties when designing the structure 

of a ship for use in polar seas, says Richard 

Hayward, an expert in ice-class ships at the 

shipping-classification organisation 

Germanischer Lloyd in Hamburg, Germany. 

“Any insight provided by Gagnon’s 

experiments is welcome.” 

In tandem with his collision experiments, 

Gagnon has been working with Claude Daley, 

a naval engineer at Memorial University of 

Newfoundland in St John’s, to develop 

deck like a muffled, ringing explosion, but to 

those inside it was deafening. 

Happily, the Terry Fox was unscathed by 

the collision, and over the following days the 

team repeated their experiment 178 times, 

smashing into 18 different bergs. After each 

collision, researchers on the Mottak scuttled 

back to the berg to take more measurements, 

which would later be analysed to find out 

how the impact had changed the structure of 

the ice. By the end of the week, the Terry Fox 

was approaching smaller bergs at speeds of 

around 13 knots (6.7 metres per second) and 

cautiously smashing into blocks of ice 

weighing up to 22,000 tonnes.

Since then, Gagnon and his colleagues have 

been busy analysing the wealth of data they 

gathered, and working out which bergs cause 

the most damage and why. The maximum 

impact forces measured were around 

5 meganewtons, and the shape of the berg and 

its consistency turned out to be crucial to its 

potential to cause damage. They found that 

“It was a bit of a job to ensure that it wouldn’t 

be ripped off during a hit,” says Gagnon.

The outermost layer of the panel is a 

thin stainless steel sheet, supported on 

strips of tape that hold it just one-tenth of 

a millimetre away from a slab of plexiglas 

(see Diagram, right). As the impact 

momentarily deforms the steel sheet, pushing 

it into the gaps between the tape strips, it 

changes the way light reflects off the internal 

surfaces of the plexiglas. Video cameras 

monitoring the resulting patterns of light and 

dark show exactly where the collision 

occurred and what forces it generated. 

Using another video camera to guide him, 

Meisner steered the Terry Fox to aim just the 

right point on the hull to hit the berg. Below 

decks, Gagnon and some of his team 

sat on plastic crates, monitoring their 

instruments and watching a screen that 

showed the iceberg looming up. “It was really 

exciting,” says Gagnon, “and a bit scary.” When 

the impact came, it sounded to the crew on 

 “ On deck it sounded like a muffled, ringing 
explosion, but to those inside it was deafening“ 
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The impact panel (above)  
recorded the forces created when 
the Terry Fox smashed into a berg
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numerical simulations and laboratory 

experiments of ship-iceberg collisions. As 

well as oddly shaped bergy bits and growlers, 

ice-class ships can expect to encounter ice 

features such as old channels and pressure 

ridges left by other ships, and Daley and 

Gagnon wanted to explore these scenarios in 

the lab. For each simulation, they verified 

their findings in laboratory experiments that 

put the frames of scale-model ships under 

huge loads. “We went way beyond the design 

limits, bending the frames and studying the 

plastic response that might occur with an ice 

collision,” Daley says. 

The results indicate that the normal 

construction standards won’t do for the hulls 

of ice-class ships. “Designing ships for polar 

seas should be like designing off-road vehicles. 

You assume things will get bent,” Daley 

says. The results point to the importance of 

developing stronger materials and designing 

crumple zones on ships to help absorb an 

impact. “If the metal plating can deform, it 

helps to spread the load,” Gagnon says.

Dividing a ship into watertight 

compartments is one well-established way of 

helping a vessel stay afloat if  it is holed below 

the waterline. “If the damage is confined to 

one area and the remaining compartments 

stay intact, the ship can often stay afloat,” 

Gagnon says. Many ships have a bow 

compartment separated from the rest of the 

vessel by a strong bulkhead. Steering into a 

collision so that damage only occurs forward 

of this bulkhead can make the difference 

between sinking and staying afloat. The angle 

at which a ship takes a blow can be crucial to 

this, says Gagnon. “Some experts speculate 

that the Titanic could have survived its 

collision had it been head-on rather than a 

side hit that ripped through multiple 

compartments,” he says.

Another way to protect a vessel is to build 

ballast tanks along the side of  the hull, where 

they can play a similar sacrificial role to the 

bow compartment. A development of that idea 

is behind the “Coulombi Egg” tanker design, 

which has been accepted as an alternative to 

the double-hull construction now required for 

modern tankers to cut the risk of a devastating 

oil spill. Shipbuilders are also experimenting 

with hulls made from lightweight but strong 

composite materials such as carbon-fibre 

epoxy resin. One variation is a new super-

strong material known as steel plastic 

sandwich (SPS), in which a central plastic layer 

is encased between steel sheets. “A hull made 

from SPS can tolerate a lot of deformation and 

energy absorption before it is holed,” says 

Gagnon. A ship with an SPS hull would 

probably survive a collision like the one that 

sank the Titanic. 

Compared with collision tests at sea, the 

lab experiments are quick and inexpensive. 

“For the price of the Terry Fox trials you could 

do years of experiments,” Daley says. But 

in the end, lab experiments and computer 

simulations are always a simplification. 

Sometimes only real live data will do. 

So Daley is happy that Gagnon and his 

team plan to go to sea again, this time to try 

some metal-bending head-on collisions. The 

impact panel will be placed directly on the 

bow rather than at the side, and in this way 

they anticipate being able to generate and 

measure much larger forces – up to four times 

those experienced in previous experiments. 

“The Terry Fox trials led the way and showed it 

could be done,” says Daley. “Now we need to 

go back and get more detailed data.” Step 1: 

find a captain and crew brave enough to do 

battle with a berg.  ●

Kate Ravilious is a freelance writer based in York, UK
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“IT’S going to help millions of 

people. Patients are going back to 

school, to work, getting married and 

reintegrating into society, instead of being 

isolated as a result of their disease.” It’s hard to 

overstate neurosurgeon Ali Rezai’s enthusiasm 

for the therapy he is helping to develop. He 

believes it will revolutionise the treatment of 

intractable diseases such as depression and 

obsessive-compulsive disorder.

Rezai, of the Cleveland Clinic in Ohio, is 

talking about brain stimulation, the use of 

electric current to alter the workings of the 

brain. His focus is a technique called deep 

brain stimulation (DBS), which involves 

installing electrodes deep inside the brain, 

but that is just one technique among several. 

Others involve placing electrodes just under 

the skull; some rely on applying magnetic 

fields to patients’ heads. 

All these are at different stages of 

development and each has its own benefits 

and drawbacks. The basic idea uniting them 

all is that certain illnesses are caused by 

aberrant activity in particular brain circuits, 

which can be corrected with electricity. 

If Rezai comes across as evangelical, it’s not 

hard to see why. Trials in patients whose 

depression or obsessive-compulsive disorder 

(OCD) had resisted all other forms of treatment 

and left them suicidal and profoundly disabled 

are now able to go out, hold down jobs and 

form relationships. Buoyed by this success, 

researchers are now starting to test brain 

stimulation for other conditions, such as drug 

addiction, anorexia and stroke. “There’s an 

explosion of these new techniques,” says 

clinical psychiatrist Mark George of the Medical 

University of South Carolina in Charleston. 

As with every promising new treatment 

there are potential pitfalls. Neuroscientists 

do not yet fully understand how brain 

stimulation works, nor how best to deploy it. 

Some are calling for caution, arguing that 

going too far ahead of the science could harm 

the technology’s potential and ultimately 

short-change patients. There is also the 

possibility – albeit a remote one – that 

brain stimulation could be hijacked as 

an enhancement tool for healthy brains. 

“This a bombshell of an area,” says Thomas 

Schlaepfer, who works on brain stimulation 

at the University of Bonn, Germany.

For some ailing brains, a gentle pulse of electricity 
can make all the difference. Claire Ainsworth reports
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The use of brain implants has its roots 

in a cruder surgical treatment for Parkinson’s 

disease, whose symptoms include muscle 

tremors and stiffness caused by overactivity 

in some parts of the brain that control 

movement. In the 1950s, surgeons tried to 

help the most severely affected patients by 

destroying, or “lesioning”, parts of these 

movement-control centres. 

While this was often effective, it was also 

risky – the death rate was up to 1 per cent – and 

was a dauntingly permanent step. Surgeons 

later found that the movement-control 

centres could also be stifled by inserting a 

hair-thin electrode that delivered a high-

frequency current, powered by a generator 

implanted under the collarbone. The surgery 

is still risky with a death rate of up to 0.5 per 

cent, but crucially, it is reversible: simply turn 

off the current and you’re back where you 

started. It can also be fine-tuned to changes in 

a patient’s symptoms.

Ritual obsessions
Today DBS is used to treat Parkinson’s disease, 

another movement disorder called essential 

tremor, and dystonia, which involves 

disabling muscle spasms. About 35,000 

people have received implants worldwide. 

Now neuroscientists are expanding the 

technique into the realms of psychiatry. The 

first such foray was for OCD, in which people 

are plagued by intrusive thoughts and feel 

compelled to endlessly repeat rituals such 

as washing their hands or turning off light 

switches. OCD is usually treated with 

psychotherapy or anti-anxiety drugs but these 

tend to give only limited help.

As with Parkinson’s, there was a surgical 

precedent: a few people with severe OCD had 

shown improvement after lesioning an area of 

the brain called the anterior capsule. In 1999, 

researchers at the University of Leuven in 

Belgium tried DBS of this area in four people 

with severe OCD (  The Lancet, vol 354, p 1526 ). 

Three reported some improvement, and in the 

patient with the most dramatic changes this 

persisted when the DBS was tested “blind” – 

in other words, when she did not know 

whether the device was switched on or off. 

Since then, Medtronic, the Minneapolis-

based manufacturer of the device used in the W
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trial, has funded further trials that suggest the 

benefits are long lasting. In an unpublished 

study of 26 people, the team found that 

seven years later nearly two-thirds of them 

were still experiencing a significant reduction 

in symptoms. 

DBS is also being tested in clinical 

depression, a poorly understood disease 

in desperate need of better treatments. 

Numerous ideas have been put forward to 

explain depression, involving several different 

neurotransmitters and brain regions. One such 

is the subgenual cingulate – there is some 

evidence that it is metabolically overactive in 

people with severe depression. In 2005, Helen 

Mayberg at the University of Toronto reported 

that DBS of this area can treat depression. She 

found significant improvement that lasted for 

at least six months in four out of six patients 

whose depression had resisted all other 

treatments (  Neuron, vol 45, p 651 ).

In 2007, Schlaepfer and his colleagues 

reported targeting a different area, the 

nucleus accumbens, in three depressed 

patients (  Neuropsychopharmacology, DOI: 

10.1038/sj.npp.1301408 ). Severely depressed 

people lose the ability to experience pleasure, 

suggesting that their reward systems are 

faulty. The nucleus accumbens was an 

attractive target for DBS because it is involved 

in processing reward and pleasure, as well as 

mediating motivational behaviour. What’s 

more, the nucleus accumbens receives input 

from, and sends output to, many different 

brain circuits. Many of these circuits are 

involved in processing emotions, including 

the area Mayberg’s team targeted. The idea is 

that stimulating this area can somehow 

restore normal activity to faulty circuits. 

The improvements in symptoms were 

immediate. Schlaepfer is at pains to warn that 

DBS is not a panacea, but he says: “These are 

patients who did not respond to anything 

beforehand, which makes it really 

remarkable.” Medtronic is now gearing up for 

a large trial with more than 100 patients.

If OCD was proof of principle that DBS 

could work in psychiatric disorders, then 

depression is the business opportunity, says 

Keith Mullett, research director at Medtronic. 

Depression is the number one cause of 

disability in developed countries.

Another, more contentious, use of DBS JI
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George. “That’s the real dream.” McIntyre 

agrees. “I think it’s a very exciting concept,” 

he says. “The next big challenge is figuring out 

how we are going to do it.”

Surgeons faced with desperate patients in 

the grip of intractable and life-threatening 

illnesses may be less worried about the precise 

mechanics of DBS than whether or not it 

works. Yet, while safer than a surgical lesion, 

DBS is far from risk-free. For a condition such 

as Parkinson’s disease, the benefits have been 

shown to outweigh the risk, but for the new 

conditions the risk-benefit ratio is still not 

clear. “I do think we need more data before we 

release this onto the market,” says George.

Medtronic has made researchers such as 

George uneasy by trying to hasten the 

approval process for DBS in OCD under a US 

Food and Drug Administration scheme that 

allows life-saving medical devices for rare 

diseases to be sold without full clinical trials. 

This strategy was successful in getting the 

company approval for the treatment of 

dystonia. George says: “My response to that as 

a scientist is we need double-blind data before 

we put a potentially life-killing technology 

into people’s brains.” 

“I would like to see it as a life-potentiating 

therapy, although it is one that we have 

to apply with great caution,” counters 

Mullett. Medtronic is obtaining double-blind 

data, he says, adding that the FDA requires 

silence, an idea bolstered by the fact that it 

mimicked the effects of a lesion. But some 

now argue that DBS does the exact opposite: 

it mimics lesions by activating neurons. 

According to this idea, diseases such as 

Parkinson’s and OCD result from abnormal 

oscillating bursts of neuronal activity. DBS 

works by causing neurons to fire constantly, 

producing a stream of activity that eliminates 

the harmful oscillations. The brain gets 

used to the constant firing and ignores it as 

background noise, behaving as though the 

neurons were not there. 

Cameron McIntyre, a biomedical engineer 

at the Cleveland Clinic, heads one of the teams 

trying to understand how stimulation works. 

In computer simulations of DBS, the team has 

found that whether a neuron is activated or 

silenced depends on its position relative to the 

electrode. “There are many different things 

going on,” says McIntyre. “And it certainly isn’t 

clear right now in DBS which of these various 

things is the fundamental mechanism.” 

All of this matters, because if DBS does 

stimulate rather than inhibit neurons, 

it might be possible to use it to induce 

permanent changes. Stimulating neurons can 

encourage them to form new connections, a 

phenomenon known as plasticity. If DBS could 

be tweaked to produce plastic changes, it 

might mean that patients would only have to 

have their implants in place temporarily, says 

is in the treatment of drug addiction. 

Neurosurgeon Bomin Sun of Shanghai Jiao 

Tong University in China has found that 

destroying areas of the nucleus accumbens in 

heroin addicts can completely relieve their 

drug cravings. However, all six people who 

had this surgery have experienced 

undesirable side effects such as apathy and 

inactivity, so Sun has moved on to DBS. 

So far he has treated two addicts. The results 

are still unpublished, but Sun says the patients 

experienced few side effects and one was freed 

of their drug cravings, while the other has 

been able to reduce their dependency on a 

heroin substitute. 

Sun and his team have also tested DBS in 

people with anorexia nervosa, again targeting 

the nucleus accumbens on the basis that 

lesioning has been effective in some cases. 

In a small preliminary study, he found that a 

combination of lesioning and DBS produced 

an improvement both in the eating disorder 

and in other psychiatric symptoms.

It seems the only limit to the number of 

different ways that DBS is being tested lies in 

the ingenuity of the neurosurgeons involved. 

Yet researchers such as George warn against 

what they see as the overenthusiastic 

deployment of DBS.

A key bone of contention is that no one is 

exactly sure how DBS works. It was originally 

thought that stimulation “stuns” neurons into 
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that proper safeguards are in place. 

Burying an electrode deep in the brain is 

not the only way to manipulate it. Seattle 

company Northstar Neuroscience has 

developed a patch of electrodes designed to 

stimulate small areas of the cerebral cortex, 

which lies at the outer surface of the brain. 

The patch, about the size of a postage stamp, 

is placed inside the skull on top of the tough 

membrane that encases the brain. The surgery 

is much less invasive, and therefore safer, than 

implanting a DBS electrode.

Research on animals suggests that such 

“cortical stimulation” encourages neurons 

to fire, which over time makes them form 

stronger connections. Northstar has begun 

testing the device in people who have had 

strokes, with the aim of helping areas of the 

brain surrounding the damaged one to 

compensate. “Even if they are not totally 

cured, it can make a big difference in their 

ability to get by and have their independence 

back,” says John Bowers, president of 

Northstar (  Neurosurgery, vol 58, p 464 ). 

As with DBS, cortical stimulation is 

moving into psychiatry, again starting with 

depression. Northstar is investigating placing 

the device on the dorsolateral prefrontal 

cortex, another brain area that has been 

associated with depression. 

As well as DBS and cortical stimulation, 

there is a third way to give the brain a buzz – 

transcranial magnetic stimulation, or TMS. 

In this, a powerful magnet flicking on and off 

many times a second is held against the 

outside of the head. This induces an electrical 

current that penetrates a couple of 

centimetres into brain tissue. Depending on 

factors such as the magnetic field’s intensity 

and frequency, this can either enhance or 

suppress activity in that area of the brain.

The overwhelming appeal of TMS is that it 

requires no surgery, but it remains the dark 

horse of brain stimulation. Numerous 

research groups are investigating it as a 

treatment and many claims have been made, 

but most are based on small studies that have 

proved hard to replicate. Opinion is divided 

as to whether TMS can produce worthwhile 

clinical effects. 

Vincent Walsh, a neuroscientist who works 

with TMS at University College London, is a 

sceptic. “The ultimate problem for TMS is that 

its effects are so short-term,” he says. 

George, who has been treating depression 

with TMS, disagrees. His team recently 

reported the results of a double-blind trial of 

TMS on 301 patients. They found a significant 

improvement in symptoms, at least for the 

duration of the trial (  Biological Psychiatry, 

vol 62, p 1208 ). “In my opinion, TMS’s 

antidepressant effects are as good as any 

medication that we have,” says George. 

Other conditions that are being investigated 

using brain stimulation include epilepsy, 

tinnitus, chronic pain and migraines. Last year, 

a team at Weill Cornell Medical College in New 

York even reported using DBS to rouse a man 

who had been in a minimally conscious state 

for six years (  New Scientist, 1 August 2007, p 14 ).

As brain stimulation becomes safer, less 

invasive and more accessible, could it one day 

be used to enhance the performance of a 

healthy person’s brain? There are precedents , 

notably the stimulant Ritalin and the 

wakefulness promoter Modafinil. Could brain 

stimulation be turned to similar ends? “We 

certainly would not do that, but if there are 

neuroenhancing effects you bet there will be 

a market and an interest,” says Schlaepfer.

The days of recreational DBS are a long 

way off – it’s hard to envisage anyone 

risking highly invasive neurosurgery on the 

unproven promise of boosting their mental 

powers. But therapeutic brain stimulation is 

here, in a big way. “We’re on the edge of a vast 

sea trying to understand what electricity does 

when you apply it to brain cells and how to use 

that therapeutically,” says George. “We’re at 

the very beginning.”  ●

Claire Ainsworth is a science writer based in 
Southampton, UK
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“These are patients who 
do not respond to anything, 
which makes it remarkable”
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Interview

Feet on the ground, 
an eye on the sky

Why is the Square Kilometre Array so important 

to cosmology?

It will be a couple of orders of magnitude more 

sensitive than existing radio telescopes. It will 

enable cosmologists to map   neutral hydrogen  

throughout the history of the universe. 

Neutral hydrogen is the basic building block 

of the universe. As the universe cooled down 

from the big bang, neutral hydrogen formed 

first. Then as the first stars formed they began 

to re-ionise it, so the universe was filled with 

pockets of ionised hydrogen and a faint web 

of neutral hydrogen. The hope is that by 

surveying a billion galaxies, the SKA will allow 

us to see how structures have developed over 

the history of the universe.

You left South Africa to study astronomy, so what 

made you return after completing your PhD at 

Cambridge in 1974?

Originally I hadn’t wanted to, but I started 

feeling guilty about having left. The University 

of the Witwatersrand agreed to employ me. 

What I really wanted to do was find a way of 

becoming involved in politics. I didn’t tell the 

university that at the time. From the 1920s my 

parents had been active in the trade union 

movement and for years they ran night 

schools. This was really why I came back. I met 

some people who were working in Durban to 

establish trade unions of black workers, which 

were not recognised by the state or employers. 

In 1973 they started organising the unions, 

mainly in the textile and metal industries. 

They wanted to open branches in Johannesburg, 

so I started working with them.

You ended up in politics full-time. 

How did that happen?

On 16 June 1976, the   uprising by the 

schoolchildren  who were rebelling against 

being taught in Afrikaans started in Soweto. 

It quickly spread to other areas and became 

very bloody. Towards the end of the year, all 

the organisers of trade unions of black workers 

were banned from taking part in political 

activity. I went to the university and said, 

“Can I have two years’ unpaid leave to go and 

organise the unions?” They said, “No, that’s 

not a legitimate use of your skills.” So at the 

end of 1976 I resigned from the university.

When South Africa announced in 2003 that it would 
compete to build the world’s largest radio telescope, 
the multibillion-dollar Square Kilometre Array, the 
international community was sceptical. Could an African 
nation pull off such a project? They had not counted 
on radio astronomer and political activist Bernie Fanaroff, 
who tells Anil Ananthaswamy how his team positioned 
South Africa at the front of the race to build the telescope
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What was it like for black South Africans at the time?

African workers had no effective rights. 

If the foreman didn’t like your face, he could 

fire you. All the urban areas were designated 

as white areas; Africans were only allowed to 

be there if they had jobs. When we started 

organising the unions there was a lot of 

resistance from the employers and the 

security police. But organising the workers 

meant they started to stand together during 

disputes. It gradually began to take hold.

Did you get into trouble?

The security police came to fetch me soon 

after I started working in the union office in 

Johannesburg at the beginning of 1977. They 

took me to the police headquarters in a 

building called John Vorster Square. They had 

their own special lift in the garage that went 

straight  up to the ninth floor, and as they were 

taking me up the policeman said: “You know, 

people fall out of the windows on the ninth 

floor.” When I got up there they brought out a 

thick file. They said: “We have been watching 

you.” I knew they were lying, because 

throughout my university career I had been 

very careful not to get involved in politics. 

I knew that it was either a file on my parents, 

or they were just trying to intimidate me.

How did the unions help bring down the 

apartheid-era government?

From 1980, the employers started to recognise 

us. The unions grew fast and became a major 

force for political change. We started to 

organise big stay-aways from work. Stay-

aways and strikes were a major contributor to 

making the country ungovernable, which was 

a major contributor to the [ruling] National 

Party recognising they had to negotiate.

What did you do after apartheid ended in the 1990s?

I was appointed deputy director-general in 

Nelson Mandela’s Office of the President and 

head of the Office of the Reconstruction and 

Development Programme. After two years, 

I went to run the National Crime Prevention 

Strategy, trying to understand what drives 

Profile
While doing his PhD at the University of Cambridge in the 

early 1970s, Bernie Fanaroff developed a scheme for 

categorising radio sources, known as the Fanaroff-Riley 

classification, which stands to this day. After returning to 

South Africa, he abandoned academia in 1976 to help 

organise the trade union movement against the apartheid 

government. Later, he was hand-picked by Nelson 

Mandela’s government to work on South Africa’s 

reconstruction and development programme.



violence and what predisposes young people 

to be at risk of becoming criminals. When a 

new minister of safety and security was 

appointed after the 1999 election, they wanted 

to make me a divisional commissioner in the 

police. But I don’t take orders well, and I would 

look ridiculous in a police uniform, so I stayed 

on as the minister’s adviser for a year and a 

half and then left the government completely.

Now you have come full circle, managing South 

Africa’s bid to host the world’s largest radio 

telescope. How did that happen?

The director-general of the Department of 

Science and Technology and the president 

of the National Research Foundation phoned 

me in December 2002 and asked if I would 

manage the bid for the SKA. We had to move 

fast, because all the other bidders had been 

working on it for years.

What was the response of international 

astronomers to the South African bid?

I don’t think they took us seriously at first. 

Maybe I’m being unfair to them, but I think 

that was pretty much their view. There were 

all kinds of prejudices about lack of skills and 

lack of infrastructure and so on. I think they 

were all surprised when we turned in our first 

proposal in May 2003. Over time, we have 

developed excellent collaborations with the 

other countries active in the SKA effort. I think 

generally it has become well accepted that 

South Africa is a serious bidder.

Why is the SKA so important to South Africa?

South Africa’s involvement has already led to 

the creation of a group of young people with 

good skills and knowledge of technologies 

that are going to be important in the next 

10 to 20 years. I am interested in creating a 

critical mass of young people with such skills, 

so you have enough people to spark off each 

other to really start to drive new industries.

Are you optimistic?

Yes. It is a bit like trying to win the rugby World 

Cup. It is about the country uniting around 

something and driving it in a way that more 

developed economies find difficult because 

their processes tend to be set in stone. In 

South Africa, because it is a newer democracy, 

it is easier to make things happen, and people 

feel they can make things happen.  ●

“South Africa is a new 
democracy. We can 
make things happen”
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Perspectives

Something is getting in the way of physics’ much-vaunted grand 
unified theory. David Peat wonders if it’s got anything to do 
with an unusual meeting in 1992 when some native American 
elders and a group of physicists sat down to talk about language 

Trapped in 
a world view

■ IT HASN’T been a great couple of years 

for theoretical physics. Books such as Lee 

Smolin’s The Trouble with Physics and Peter 

Woit’s Not Even Wrong embody the frustration 

felt across the field that string theory, the 

brightest hope for formulating a theory that 

would explain the universe in one beautiful 

equation, has been getting nowhere. It’s quite 

a comedown from the late 1980s and 1990s, 

when a grand unified theory seemed just 

around the corner and physicists believed 

they would soon, to use Stephen Hawking’s 

words, “know the mind of God”. New Scientist 

even ran an article called “The end of physics”.

So what went wrong? Why are physicists 

finding it so hard to make that final step? I 

believe part of the answer was hinted at by the 

great physicist Niels Bohr, when he wrote: “It 

is wrong to think that the task of physics is to 

find out about nature. Physics concerns what 

we can say about nature.”

At first sight that seems strange. What has 

language got to do with it? After all, we see 

physics as about solving equations relating 

to facts about the world – predicting a comet’s 

path, or working out how fast heat flows 

along an iron bar. The language we choose to 

convey question or answer is not supposed to 

fundamentally affect the nature of the result.

Nonetheless, that assumption started to 

unravel one night in the spring of 1925, when 

the young Werner Heisenberg worked out the 

basic equations of what became known as 

quantum mechanics. One of the immediate 

consequences of these equations was that 

they did not permit us to know with total 

accuracy both the position and the velocity of 

an electron: there would always be a degree of 

irreducible uncertainty in these two values. 

Heisenberg needed an explanation for this. 

He reasoned thus: suppose a very delicate 

(hypothetical) microscope is used to observe 

the electron, one so refined that it uses only 

a single photon of energy to make its 

measurement. First it measures the electron’s 

position, then it uses a second photon to 

measure the speed, or velocity. But in making 

this latter observation, the second photon 

has imparted a little kick to the electron and 

in the process has shifted its position. Try to 

measure the position again and we disturb 

the velocity. Uncertainty arises, Heisenberg 

argued, because every time we observe the 

universe we disturb its intrinsic properties.

However, when Heisenberg showed his 

results to Bohr, his mentor, he had the ground 

cut from under his feet. Bohr argued that 

Heisenberg had made the unwarranted 

assumption that an electron is like a billiard 

ball in that it has a “position” and possesses 

a “speed”. These are classical notions, said 

Bohr, and do not make sense at the quantum 

level. The electron does not necessarily have 

an intrinsic position or speed, or even a 

particular path. Rather, when we try to make 

measurements, quantum nature replies in a 

way we interpret using these familiar concepts.

This is where language comes in. While 

Heisenberg argued that “the meaning of 

quantum theory is in the equations”, Bohr 

pointed out that physicists still have to stand 

around the blackboard and discuss them in 

German, French or English. Whatever the 

language, it contains deep assumptions about 

space, time and causality – assumptions that 

do not apply to the quantum world. Hence, 

wrote Bohr, “we are suspended in language 

such that we don’t know what is up and what 

is down”. Trying to talk about quantum reality 

generates only confusion and paradox.

Unfortunately Bohr’s arguments are often 

put aside today as some physicists discuss 

ever more elaborate mathematics, believing 

their theories to truly reflect subatomic 

reality. I remember a conversation with string 

theorist Michael Green a few years after he 

and John Schwartz published a paper in 1984 

that was instrumental in making string theory 

mainstream. Green remarked that when 

Einstein was formulating the theory of 

relativity he had thought deeply about the 

philosophical problems involved, such as the 

nature of the categories of space and time. 

Many of the great physicists of Einstein’s 

generation read deeply in philosophy. 

In contrast, Green felt, string theorists had 

come up with a mathematical formulation 

that did not have the same deep underpinning 

and philosophical inevitability. Although 

superstrings were for a time an exciting new 

approach, they did not break conceptual 

boundaries in the way that the findings of 

Bohr, Heisenberg and Einstein had done.

The American quantum theorist David 

Profile
David Peat has a PhD in theoretical physics from the 

University of Liverpool, and went on to become a close 

associate of physicist David Bohm. Peat set up the Pari 

Center in Italy in 2000; his latest book is Pathways of 
Chance (Pari Publishing).
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Enigma
Lines of thought
No. 1475 Bob Walker

JOE cut out a number of small square cards. 

On some of them he drew a thin red line 

joining the centres of two opposite sides and 

on the others he drew a thin red line joining 

the centres of two adjacent sides.

Penny’s challenge was to select 24 cards 

and arrange them in a 6-card by 4-card 

rectangle so as to produce a number of small 

areas, each with a complete single boundary 

of thin red lines, with a total area equal to 

five-sixteenths of the total card area.

Penny could choose any combination 

of cards – for example, 10 of the first and 

14 of the second – but only some of the 

combinations would lead to her meeting the 

challenge. How many of the combinations?

£15 will be awarded to the sender of the first 

correct answer opened on 6 February. The 

Editor’s decision is final. Please send entries 

to Enigma 1475, New Scientist, 84 Theobald’s 

Road, London WC1X 8NS, or to enigma@

newscientist.com (include your address). 

The winner of Enigma 1469 is Andrew 

Palfreyman of San Jose, California, US.

Answer to 1469 Triangular ring 

30 digits

Bohm embraced Bohr’s views on language, 

believing that at the root of Green’s problem 

is the structure of the languages we speak. 

European languages, he noted, perfectly 

mirror the classical world of Newtonian 

physics. When we say “the cat chases the 

mouse” we are dealing with well-defined 

objects (nouns), which are connected via 

verbs. Likewise, classical physics deals with 

objects that are well located in space and time, 

which interact via forces and fields. But if the 

world doesn’t work the way our language 

does, advances are inevitably hindered.

Bohm pointed out that quantum effects are 

much more process-based, so to describe them 

accurately requires a process-based language 

rich in verbs, and in which nouns play only a 

secondary role. In the last year of his life, 

Bohm and some like-minded physicists, 

including myself, met a number of native 

American elders of the Blackfoot, Micmac and 

Ojibwa tribes – all speakers of the Algonquian 

family of languages. These languages have a 

wide variety of verb forms, while they lack the 

notion of dividing the world into categories 

of objects, such as “fish”, “trees” or “birds”.

Take, for example, the phrase in the 

Montagnais language, Hipiskapigoka iagusit. 

In a 1729 dictionary, this was translated as 

“the magician/sorceror sings a sick man”. 

According to Alan Ford, an expert in the 

Algonquian languages at the University of 

Montreal, Canada, this deeply distorts the 

nature of the thinking processes of the 

Montagnais people, for the translator had 

tried to transform a verb-based concept into 

a European language dominated by nouns 

and object categories. Rather than there being 

a medicine person who is doing something 

to a sick patient, there is an activity of singing, 

a process. In this world view, songs are alive, 

singing is going on, and within the process 

is a medicine person and a sick man.

The world view of Algonquian speakers is 

of flux and change, of objects emerging and 

folding back into the flux of the world. There 

is not the same sense of fixed identity – even 

a person’s name will change during their life. 

They believe that objects will vanish into this 

flux unless renewed by periodic rituals or 

the pipe smoked at sunrise in the sun dance 

ceremony of the Lakota and Blackfoot.

In a discussion circle with the elders, we 

were deeply struck by the way their thinking 

seemed in harmony with the reality quantum 

theory was revealing to us. In the early 

decades of the 20th century, the emphasis was 

on elementary particles, but the focus later 

shifted towards the notion of fundamental 

symmetries and symmetry breaking. Bohm 

himself viewed the particles as closer to 

processes than objects. While the elders did 

not of course possess the mathematics to 

enter into a discussion of quantum theory, it 

was clear their notions of process, and of the 

relative nature of space and time, were close 

to some of the insights of theoretical physics.

Physics as we know it is about equations 

and quantitative measurement. But what 

these numbers and symbols really mean is a 

different, more subtle matter. In interpreting 

the equations we must remember the 

limitations language places on how we can 

think about the world. The study of other 

types of languages opens us up to other world 

views, to complementary ways of speaking 

about the cosmos. Being open that way might 

give physics the inspiration to leap forward.  ● 

Einstein and his colleagues knew they were constrained 
by language when they discussed quantum physics 
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Review

■ IN THE saga of global 

warming – the warnings, 

the growing danger, the politics, 

the failure to act – one researcher 

has perhaps played a more 

prominent role than any other, 

on both scientific and political 

fronts. From creating some of 

the earliest climate models to 

articulating his growing fear 

about their results, from speaking 

out before Congress in the 

sweltering summer of 1988 to 

going public about the Bush 

administration’s attempts to 

censor him in 2006,   NASA 

climatologist James Hansen  

seems to appear at each crucial 

turn of this pressing tale. If we fail 

to address global warming we will 

also have failed to heed Hansen, 

who has been delivering warnings 

for more than two decades. If we 

succeed, we will have Hansen in 

large part to thank.

So it’s about time a writer 

set out to portray this pivotal 

character in the greatest and most 

politically charged science story 

of our time. This is the task that 

journalist   Mark Bowen  

undertakes in Censoring Science: 

Inside the political attack on Dr 

James Hansen and the truth of 

global warming. Unfortunately, 

Bowen’s account is unsatisfying. 

The author gets too caught up in 

telling a story that has already 

been told and retold – that of the 

Bush administration’s assault on 

science, and particularly climate 

science. However obnoxious and 

scandalous that attack may be, it 

will end with the end of the 

administration. 

In the process, Bowen seems 

distracted from the more 

intriguing and lasting narrative: 

who James Hansen is, what makes 

him tick, and why we should 

admire this outspoken but 

eccentric Midwestern climate 

scientist who stuck it to his 

political keepers.

In fairness, Bowen does us 

a service by reporting more 

information than any journalist 

yet about Hansen’s behind-the-

scenes struggle at NASA. There 

was the period when Hansen 

was clumsily censored by the 

administration, thanks, in part, to 

a zealous young Bush appointee 

named George Deutsch,   who had 

not officially graduated from 

college at the time  and who 

described his job as being to 

“make the president look good”. 

Then Hansen decided enough was 

enough and went public with his 

story, resulting in a   front-page 

article  in The New York Times and 

massive media reverberations. 

The ground here has been 

much tilled by other journalists, 

advocacy groups and 

congressional committees. But 

Bowen, after interviewing scores 

of scientists, public-affairs 

officers and other civil servants, 

best captures the insidious no-

paper-trail mechanisms of 

censorship in modern American 

government. His vivid portraits of 

arrogant, clueless, run-amok 

political appointees show how the 

Bush administration managed, 

simultaneously, to be deeply 

sinister and the governmental 

equivalent of the Keystone Cops. 

It would all be kind of hilarious if 

it weren’t so horrible, and real.

Unfortunately, while Bowen 

give play-by-play details – who 

emailed whom, who sat in on 

what meeting – Hansen remains 

curiously distant, or just plain 

absent, from much of the 

narrative. The story of his past is 

given only in a brief interlude in 

the book’s early chapters, and 

Hansen’s central intellectual 

history – how he became the 

most influential climate scientist 

in the US, the discoveries that 

increasingly frightened him – 

is held at bay until the third-to-

last chapter of the book, where 

Bowen finally hits his stride. 

Even then, the author presents 

an uncompromising defence 

of Hansen, rather than a more 

nuanced examination of his 

character that would include an 

assessment of his faults. Hansen, 

for instance, has an unfortunate 

tendency to use ill-advised 

Holocaust analogies to describe 

global warming. If this politically 

naive, at times absent-minded, 

and often just plain quirky 

researcher has become the 

science world’s top communicator 

on global warming, what does 

that say about the political skills 

of scientists today?

In the end, I believe we should 

think of James Hansen as an 

exceedingly reluctant hero, and 

an uncomfortable one to boot – 

the Bilbo Baggins of climate 

politics. Here’s a guy who really 

just wanted to get back to the 

hobbit hole of his research, but 

who was forced by the political 

situation in which he found 

himself – and the failures of 

others to step up and do the job – 

to march off and confront the 

dragon. But Hansen seized the 

moment and took the risk when 

many others did not, and for that 

he deserves to be celebrated.  ●

Chris Mooney is a correspondent for 
Seed magazine and author of Storm 
World (Harcourt, 2007)

A RELUCTANT HERO 
OF CLIMATE POLITICS
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Censoring Science by Mark Bowen, Dutton, $25.95, ISBN 9780525950141

“It would all be 
hilarious if it weren’t 
so horrible, and real”
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NASA climatologist James Hansen has been at the centre of 
the Washington political drama surrounding climate change, 
and his story needs telling, says Chris Mooney

What makes this outspoken but eccentric 
Midwestern climate scientist tick?



Commentary

LAST month, Republican 

presidential candidate Mitt 

Romney gave his own version 

of John Kennedy’s famous 

1960 speech, in which Kennedy 

reassured those who thought 

his Catholicism would turn him 

into a puppet of the Vatican by 

bravely declaring to an audience 

of Southern Baptist leaders, “I 

believe in an America where the 

separation of church and state is 

absolute”. In   Romney’s rendition , 

however, America is a place where 

there is no room in the state for 

those who do not go to church. 

In the spirit of inclusiveness, 

Romney described an America 

made up of Catholics, Baptists, 

Methodists, Jews and Muslims. 

He failed, though, to include 

one group that is probably larger 

than at least two of these: the 

non-religious.

I have expressed   my 

differences with Richard Dawkins  

in the pages of New Scientist, but 

nothing better supports the 

validity of his concerns about the 

public perception of atheism in 

the US than Romney’s speech: the 

notion that an individual whose 

actions are based on a belief in 

God is a good person, while one 

whose actions are not rooted in 

religion is evil. 

Even scarier is the notion 

clearly prevalent in the current US 

political system that the more you 

pray, the better suited you are to 

govern. Romney urged judges to 

use the foundations of their faith 

in making decisions, and insisted 

that religious faith remain a 

vibrant force in government. 

There are many among the 

faithful who argue that their 

faith helps inform their reason. 

I accept that as a reality. Ultimately, 

though, reason has to be the key 

basis of political decision-making, 

and whatever else comes into 

it, the most important factor 

informing reason should be 

empirical evidence.

If Romney doesn’t scare you 

in this regard, consider   Mike 

Huckabee . Without expending 

significant funds, Huckabee 

has pulled ahead of his fellow 

Republican candidates in the 

important early primary state 

of South Carolina. When asked 

to identify the source of his new-

found popularity, Huckabee 

suggested it might be the Lord’s 

doing, saying there was “no 

human explanation” for his 

recent surge in the polls. 

That’s not surprising coming 

from a man who   thinks the Earth 

might be 6000 years old , but is 

it what we need in the leader 

of the free world? 

Romney argued in his speech 

that America’s founding fathers 

established the United States 

“under God”. In light of that 

claim, it is worth remembering 

Thomas Jefferson’s words: “I am 

satisfied, and sufficiently 

occupied with the things which 

are, without tormenting or 

troubling myself about those 

which may indeed be, but of 

which I have no evidence.” 

Jefferson and others established 

a precedent for reality-based 

governance, which, in these 

times, we so desperately need. 

These issues are worth raising 

in a science magazine because 

scientists, regardless of their 

religious leanings, need to play 

an active role in opposing faith-

based governing. Scientists have 

done a particularly poor job of 

explaining that basing decisions 

on empirical evidence does not 

make one immoral. 

Many of the current attacks on 

science in the US are predicated 

on the notion that because 

science does not include God in its 

picture of the universe, science is 

inherently evil. Science, however, 

has an ethical basis in honesty, 

open-mindedness tempered by 

healthy scepticism, full disclosure 

and anti-authoritarianism. The 

scientific method makes it 

possible for empirical reasoning 

to provide a basis for an ethical, 

and even moral world. If scientists 

are shy to point that out, then we 

encourage the at best exclusionary 

and at worst delusional attitudes 

espoused by Romney and 

Huckabee in the public square.  ●

“Scientists need to 
play an active role in 
opposing faith-based 
governing”

Scientists, show 
your good side

World lines  Lawrence Krauss Botanical rainbow 
Nature’s Palette: 
The science of plant color 
by David Lee, University of Chicago Press, 
$35/£19, ISBN 9780226470528
Reviewed by Adrian Barnett 

ROSES are red, 

violets are blue, 

and you can 

almost see right 

through a piece of 

sea lettuce. David 

Lee’s book is for 

anyone who has 

ever wanted to go beyond “that’s 

nice” to find out how and why 

plants are so colourful. Crammed 

with facts and fine photographs, 

it illustrates how plant colours 

are formed, listing their diverse 

uses as well as the complex and 

elegant chemistry of their 

manufacture. Lee takes care to 

pay tribute to the remarkable 

dedication and insight of 

researchers. A great book that will 

leave you looking at leaves and 

petals with renewed admiration. 

Heroic journey
Copernicus’ Secret
by Jack Repcheck, Simon & Schuster, $25, 
ISBN 9780743289511
Reviewed by Sam Kean

IF THERE was one 

thing Nicolaus 

Copernicus feared 

more than the 

Catholic Church it 

was astronomers 

pouring scorn 

on his theory of 

  heliocentricity . So much so that 

he delayed publishing On the 

Revolutions, and almost died 

with the book unfinished. 

Repcheck tells the incredible 

tale of Georg Rheticus, who 

made the arduous trip from 

Lutheran Germany into Catholic 

Poland to convince Copernicus 

to release his magnum opus. 

The tale drives the book, and 

great narrative scenes, including 

his betrayal of Rheticus, make 

Copernicus seem fully human.

Bookends
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Feedback–

WE PROMISED in our last issue to 

publish the top 10 runners-up in our 

“Flirt with science” competition, in 

which readers were invited to seduce 

the person of their dreams with a 

science-related chat-up line. In the 

event we have decided to give you not 

just 10 but 15. We hope you’ll agree it 

would have been a shame to leave any 

of these out. 

We are glad to include here one of 

the chat-up lines that was once actually 

used – to great effect. We also include 

two extra submissions from one of our 

competition winners, Yonatan Silver. 

I need a seed for my pseudo-random 

number generator – could I have your 

phone number?

Ian Marshall

Palo Alto, California, US

Your universe or mine?

and

Hello, did you know that I’ve invented 

calorie-free chocolate, and I’ve got some 

back at my place?

Attracta Uí Bhroin

Dublin, Ireland

You’re so sweet I am developing 

insulin resistance.

Alex Carlton

Bradford on Avon, Wiltshire, UK

What’s a nice girl like you doing in 

a superposition like this?

Nigel Eaton

Hitchin, Hertfordshire, UK

Did you know that if oysters had no natural 

enemies, in 10 years the world would be 

28 miles deep in oysters?  (We married in 

1968 and are still going strong.)

Michael Boddy

Binalong, New South Wales, Australia

Hello, I am Bob. You must be Alice. You 

haven’t changed a bit!

J. H. Van Veen

Voorschoten, The Netherlands

As a quantum physicist, the moment 

I observed you I determined that we 

were heading to your place or mine.

and

Of all the bars, on all the planets where 

conditions support intelligent, bipedal, 

carbon-based life forms…

Yonatan Silver

Jerusalem, Israel

Hello, I’m Doctor Frankenstein – and I’ve 

got a monster!

Allan Whatling

St Mawgan, Cornwall, UK

I’ve got some francium back at my place.

and

You have a hyperfine structure.

Ilona Schofield and Caroline Riggs

Brighton, East Sussex, UK

Forget what they say about butterflies, 

I think that you could whip up a storm 

just by fluttering your eyelashes.

Justin Byrne

Dublin, Ireland

How can I know a hundred digits of pi, but 

not the 11 digits of your phone number?

Yuan Yang

Leeds, Yorkshire, UK

Looking at you, creationists may have 

a point after all.

Amy Fairbrother

Northcliff, South Africa

TURNING to other matters, dramatic 

news has reached us via the Remote 

Sensing and Photogrammetry Society’s 

announcement that the Earth 

observation team within the UK 

government’s environment 

department has been organising “a 

series of awareness raising events”. 

Good thing too. We, for example, 

didn’t know until we visited www.

defra.gov.uk/science/Earth 

Observation.htm that satellites are 

used to watch crops growing, not 

growing, or being built over – as well as 

other important things like the effects 

of climate change. 

So what was the occasion? The 

society explains at http://ageofspace.

notlong.com that the events held at the 

end of 2007 were “coinciding with the 

50th anniversary of space”.

Is this a new date for the big bang? 

Should the creationists be told? Or is 

it just that crystal-gazer models of the 

cosmos have gained greater credence 

in some quarters than we had expected?

 

A SIGN at Holborn, the underground station 

nearest the New Scientist London office, 

stated: “Camden Town station is closed due 

to a localised event taking place.” This, 

presumably, was to distinguish it from 

all those non-localised, quantum events 

encouraged by announcements such as: 

“Use all doors to exit.” 

Even so, wouldn’t it have been simpler 

just to say that Camden Town station was 

closed “because something happened”?

FINALLY, several readers have told us 

about signs on motorways around the 

UK that tell drivers: “Please use 

existing road signs.” Matt Kelland 

probably speaks for all of them when 

he observes: “I tried using the other 

kind, but couldn’t find any.”

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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An email entitled “Pumpkins, Rage Under 
Voodoo Spell” left Colin Deady disappointed, there 
being nothing in it about how to make vegetables 
furious with magic. Just another promise to make 
him more attractive 



The last word–

AIR TRAFFIC CONTROL
Why don’t insects – particularly flies, 

wasps and bees – fly in straight lines 

like most birds do? Their flight 

patterns seem chaotic and often 

circular in motion. Surely it is 

inefficient for them to fly in such 

a random way?

● Birds seldom fly in straight lines, 
in fact, and any self-respecting 
ornithologist can identify many 
species by flight pattern alone. That 
said, birds tend to fly fairly directly to 
a target in sight, and more complex 
journeys tend to follow efficient paths 
based on learned topography. 

Insect flight is much more varied. 
Their flight patterns partly compensate 
for their typically poor eyesight, by 
allowing them to gather more 
visuospatial information. 

When insects do have a path in 
mind, many fly directly enough, as 
anyone who has been stung can 

attest. In threat display, a bee buzzes 
wildly, but a true attack is like a 
projectile from a pea-shooter. In 
searching, scent-following, mating 
assembly, territorial patrol and so on, 
insect flight patterns are not straight, 
but they do resemble corresponding 
vertebrate behaviour. 

Differences between, say, insects’ 
apparently chaotic swarms and skeins 
of large birds do not reflect their 
psychology but rather their size 
difference, which affects wing 

motions and the benefits of flying in 
fixed formation. Flocks of small birds 
such as starlings or queleas can look 
very locust-like.
Jon Richfield

Somerset West, South Africa

● Judging insect flight depends on 
the scale you choose. If you watch a 
metre of flight and you see the insect 
travelling in a straight line you might 
conclude it does this all the time. But 
if you observe a kilometre of flying the 
picture is quite different. 

When insects are searching, their 
flight is an intermittent combination 
of long and short-distance steps 
where each step differs from the 
previous one by a small angle. Small 
steps are the most frequent, while 
very long steps are rare. This is an 
optimal searching strategy known as 
“  Lévy flight ”. It seems chaotic but it is 
not, the angles and the distance 
follow well-defined statistical 
distributions. In the case of bees, 
they fly in amazingly straight lines for 
kilometres once they know where a 
food source is. When they aren’t flying 
“randomly”, a straight line is the best 
way to go.

For two studies on such behaviour, 
visit www.tinyurl.com/2vhkmh and 
www.tinyurl.com/2jygx7.
Octavio Miramontes

Mexico City, Mexico

● Insects do not have vision as sharp 
as that of mammals or birds. The 
insect compound eye is more attuned 
to movement and so it cannot 
precisely position distant objects. As 
a result, insects tend to take a rather 
wobbly flight path to navigate to a 
particular object. 

Additionally, many insects 
navigate using scent. Take the case 

of a parasitic wasp that is seeking a 
caterpillar in which to deposit its eggs. 
In order to locate the caterpillar, the 
wasp needs to balance the odour 
signals received by its two antennae. 
This necessitates a rather wobbly flight 
path to “lock on” to the source of the 
scent. When an insect is close to the 
object it is seeking this wobble starts 
to reduce and eventually the insect 
becomes capable of very precise, 
rapid actions, such as those of a 
dragonfly catching a prey insect 

when both are in mid-flight. 
The “random” movement is a 

simple product of insect sensory 
systems. Humans rely on vision to 
navigate the world – just try locating 
an open bottle of perfume in a room 
with your eyes closed.
Peter Scott

School of Life Sciences,

University of Sussex,

Brighton, UK 

If readers are interested in how 

humans can be taught to follow scent 

trails in the way that dogs and other 

animals can, then the following story 

will enlighten them: “Unleash your 

inner bloodhound – start sniffing” 

(www.newscientist.com/

article/dn10810) – Ed

● I suspect evolution wasted no 
time in eliminating those insects 
which fell easy prey to bats, birds, 
frogs and the like because of their use 
of efficient and direct – but 
predictable – flight patterns. 

Presumably those insects with 
variable patterns are those that 
survived until today.
Peter Tredgett

Llanbedrog, Gwynedd, UK

THIS WEEK’S QUESTIONS
Kitchen calamity

While reducing red wine and olive oil 
in a flat frying pan on the stove, the 
mixture exploded with an audible 
pop, spraying the wine – but not the 
oil – up to 2 metres away from the 
pan. Significantly, the wine was not 
hot enough to scald me. I hadn’t 
stirred the pan for at least a minute, 
and the wine and oil had separated. 
What happened?
Alan Gammons

Bradford, West Yorkshire, UK

Snakes alive

On 22 September my wife and I were 
on the shingle beach at Dunwich in 
Suffolk, UK, when we spotted a snake 
wriggling along the water’s edge. It 
was about 50 centimetres long and 
light olive-brown. Behind its head 
was a bright yellow, delta-shaped 
marking which pointed forwards. As 
we watched, it entered the water and 
swam strongly out to sea. Is this how a 
grass snake might behave – albeit one 
with atypical markings – or has 
climate change brought a sea snake 
north of its usual habitat? The weather 
was windy and it was neither warm 
nor sunny. Is it relevant that this 
occurred about 2 kilometres north of 
the warm water outlets of the Sizewell B 
nuclear power station?
Dave Parker

Bishop’s Stortford, 

Hertfordshire, UK

“Insect flight may seem chaotic 

or random but it is not, it follows 

defined statistical distributions”

Sponsored by

Questions and answers should be concise. 

We reserve the right to edit items for clarity 

and style. Include a daytime telephone 

number and email address if you have one. 

Restrict questions to scientific enquiries 

about everyday phenomena. The writers of 

published answers will receive a cheque for 

£25 (or US$ equivalent). Reed Business 

Information Ltd reserves all rights to reuse 

question and answer material submitted by 

readers in any medium or format.

New Scientist retains total editorial 

control over the content of The Last Word.

Send questions and answers to 

The Last Word, New Scientist, Lacon House, 

84 Theobald’s Road, London WC1X 8NS, UK , 

by email to lastword@newscientist.com or 

visit www.newscientist.com/lastword.ns 

(please include a postal address in order to 

receive payment for answers). For a list of all 

unanswered questions send an SAE to 

LWQlist at the above address.

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

“Humans rely on vision rather 

than smell. Try locating a bottle 

of perfume with your eyes shut”
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