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TV HIGHLIGHTS

Discover the secret systems that keep the world’s 
most crowded, complicated and chaotic cities on the 
move. From Mexico City to Hong Kong, Delhi to Moscow, 
World’s Busiest Cities highlights the logistical and social 
challenges faced by our most iconic megacities.

Premieres 21 November
Tuesdays at 8.50pm (JKT/BKK)  
9.50pm (SIN/HK/MY/TW)

World’s Busiest Cities

Mountains:  
Life Above the Clouds

Follow yaks, cougars and grizzly bears - animals 
that have made wild mountains their home. From 

the Himalayas to the vast stretch of the Andes, this 
series brings the incredible scale of the world’s most 

breathtaking mountains to the screen.

Premieres 16 November 
Thursdays at 7.00pm (JKT/BKK) 

8.00pm (SIN/HK/MY/TW)   

The 21st Century 
Race for Space
Part of the Being Human season, Professor Brian Cox 

question – what is it that keeps mankind reaching for the 
moon?

Premieres 27 November 
Monday at 9.30pm (JKT/BKK)  
10.30pm (SIN/HK/MY/TW)

/bbcearth
@BBCEarthAsia

BBC Earth is available in Hong Kong, Indonesia, Malaysia, Mongolia, Myanmar, 
Philippines, Singapore, South Korea, Taiwan, Thailand and Vietnam. Please call 
your cable operator for more details or check out our website at www.bbcasia.comm

www.bbcasia.com
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Experts in this issue…

Prof. Susan Blackmore is a British 

writer, lecturer, psychologist and 

broadcaster specialising in 

consciousness. Her published works 

include The Meme Machine and 

Consciousness: An Introduction. (p32)

Tom is managing editor at the Royal 

Society of Biology where he oversees a 

range of science publications and 

occasionally appears on news to offer 

expert comments. This issue he talks 

about the benefits of microbes. (p80)

Dr Kat Arney holds a degree in natural 

sciences and a PhD in developmental 

biology from Cambridge. This issue, she 

talks about a new project that aims to 

map the molecular signature of every 

cell in our body. (p77)

Javier currently resides in Ecuador, 

where he works as a biologist and 

professional photographer and he has 

been involved in projects such as Mimo 

Wao, with the photojournalist Megan 

Westerbelt. (p62)
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WELCOME

“Science is the father of knowledge, but opinion breeds ignorance.” So said 

Hippocrates, and I have to say I agree.

Fact and opinion are two different things. Perhaps occasionally we concur 

to statements because we think they are facts, but really they are just strongly 

enforced opinions. And it is in the grey area between these two that doubts 

and fads arise. 

But if you’re armed with a curious mind, you can dare to delve into unseen 

depths to uncover fact from fad. In this month’s issue, we’ve done exactly that. 

First, we help you discover the deep sea with a spread on Blue Planet II, a 

natural history TV series that is bound to blow your mind. We have curated for 

you special behind-the-scene stories from across the episodes, straight from 

members of the crew. 70% of our planet is water, yet how 

much do we really know about our oceans? Dive in deep 

with the show and find out more about our magnificent 

oceans. (p38)

Back on land, we investigate the reality behind the 

many recommended diets doing the rounds these 

days. The question is not just whether the food we 

eat is good for us, but also whether the food we eat 

is good for our planet. Read what Josh Gabbatis 

uncovers about the food we eat on page 54. This issue 

we also have for you a Q&A with Nick Higham, author 

of the book King Arthur. Read as he answers pressing 

questions about the Arthurian legend, such as who 

the ‘real’ King Arthur was, where is Camelot, and is 

the Excalibur real? (p48)

That’s it for now. Until next time, cheers!

IMPOORRTTAANTTT CCHANNGEEE:
The licence to publish this magazine was acquired 

from BBC Worldwide by Immediate Media Company 

on 1 November 2011. We remain committed to making 

a magazine of the highest editorial quality, one that 

complies with BBC editorial and commercial guidelines 

and connects with BBC programmes. 

The BBC Earth television channel is available in the following 

regions: Asia (Cambodia, Hong Kong, Indonesia, Malaysia, 

Singapore, South Korea, Thailand, Taiwan)

Know more. Anywhere.

SCIENCE • HISTORY • NATURE 
FOR THE CURIOUS MIND

BBC Earth Magazine provides trusted, independent advice and information that 

has been gathered without fear or favour. When receiving assistance or sample 

products from suppliers, we ensure our editorial integrity and independence 

are not compromised by never offering anything in return, such as positive 

coverage, and by including a brief credit where appropriate.

Y We welcome your letters, while reserving the right to edit them for length and clarity. By sending us your letter you permit us to publish it 
in the magazine and/or on our website. We regret that we cannot always reply personally to letters.

www.facebook.com/BBCEarthMagAsia“LIKE” US ON FACEBOOK!

Akanksha Nair 
akanksha@regentmedia.sg 

FACTS AND FADS

BBBBCC EEEaarrtthhhh MMaagggaazzinne
Includes selected articles from other BBC specialist magazines, 

including Focus, BBC History Magazine and BBC Wildlife Magazine.

www.sciencefocus.com

www.historyextra.com

www.discoverwildlife.com
ep 
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If you find yourself wandering 

through the vast deserts of 

Namibia, watch where you put 

your feet! The Peringuey adder, 

also known as Bitis peringueyi, 

spends much of its time buried 

under the sand. As an ambush 

predator, the snake needs to 

remain unseen, and the sand 

provides the perfect camouflage. 

Dr Brian Crother from 

Southeastern Louisiana University 

says: “The desert adder burrows 

into the sand, leaving its eyes, 

that sit on top of his head, and 

its black-tipped tail exposed. The 

black tail tip is gently waved about 

and used as a lure to bring lizards 

[its prey] within striking distance.”

As a desert-dweller, the snake 

has a number of adaptations to 

survive in the harsh environment. 

First, it can travel using a form of 

locomotion called ‘sidewinding’, 

where just two points of its body 

are in contact with the sand at 

a time. This allows it to move 

quickly across loose terrain, 

and reduces contact with the 

hot sand. Second, water from 

morning fog condenses on its 

body, which it then drinks.  

PHOTO: ALAMY

Slippery 
Customer
Namib Desert, Namibia
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A golden eagle grapples with a 

drone in an aerial battle above an 

airbase in southwestern France.

Four golden eagles have been 

trained by the French military to 

tear invading drones from the sky. 

D’Artagnan, Athos, Porthos and 

Aramis (named after characters 

from The Three Musketeers) were 

hatched out and fed on top of 

drones, to create an association 

between food and the flying bots. 

It takes around eight months to 

train the eagles, with a chunk of 

meat given as a reward after each 

successful capture.

The unusual technique has been 

adopted amid worries about rogue 

drones being used to spy or launch 

attacks on French soil, after drones 

flew over the Élysée Palace in Paris 

and a restricted military site in 

Brittany in 2015.

The musketeers have created 

such a buzz that the French air 

force is reported to have ordered 

a second brood of avian allies, 

expected to begin training this 

summer.

PHOTO: Getty

Hunting 
Machines
Mont-de-Marsan, France
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Photographer Sash Fitzsimmons 

claims he risked his life to take 

this incredible image. And 

physicist and oceanographer Dr 

Helen Czerski agrees that it’s a 

dangerous business.

“The energy of a barrel wave 

like this one ultimately comes 

from the wind pushing the 

ocean surface into ripples and 

then up into bigger and bigger 

waves,” she says. “As the water 

gets shallower, that energy is 

concentrated and the waves 

steepen until they break in these 

beautiful long barrels. One cubic 

metre of water weighs a tonne, so 

the rapid movement of this much 

water represents a huge amount 

of kinetic energy. Both the surfer 

and the photographers need 

superb judgment – and a bit of 

luck – to stay safe.”

To take the picture, Fitzsimmons 

used a GoPro camera with a 

fisheye lens. It was fitted with 

a dome to push water away 

from the camera, allowing him 

to capture the action above and 

below the surface.

PHOTO: Caters News

Swell Snap
Hawaii, USA
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It’s planting season on the International Space Station, 

as crew members installed hardware to grow another 

crop of vegetables in space.

NASA astronaut Joe Acaba prepared the Veggie 

facility for three different kinds of lettuce seeds as part 

of the VEG-03-D investigation. This is the first time 

seeds from multiple kinds of plants are being grown 

in the facility all at the same time. Understanding how 

plants respond to microgravity is an important step 

for future long-duration space missions, which will 

require crew members to grow their own food. Crew 

members on the station have previously grown lettuce 

and flowers in the facility. This new series of the study 

expands on previous validation tests.

PHOTO: NASA

Planting Season on the 
International Space Station
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The spectacular aurora borealis, 

or the “northern lights,” over 

Canada is sighted from the 

International Space Station 

near the highest point of its 

orbital path. The station’s main 

solar arrays are seen in the left 

foreground. This photograph 

was taken by a member of the 

Expedition 53 crew aboard the 

station on Sept. 15, 2017.

PHOTO: NASA

Northern 
Lights 
Over 
Canada
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WWWeWeW lcome backk ttto o o anototheh r exciitititingngnggn  

eddditittitititioioioiii nn of BBC Earrrththt  Maggaza ine ScSchohohooh olooo  

ChC alallleleleleengngngnnn e! Following the success of 

last year’s inaugural event in Malaysia, 

the BBC School Challenge has returned 

and attracted over 70 secondary school 

students from across the country to 

participate in a series of challenges that 

took place on 26 September 2017 at 

Petrosains KLCC, The Discovery Centre. In 

keeping with the curious learning spirit of 

the magazine, the event instigated students 

to discover more about the world they live 

in through challenges that centred on topics 

of science, nature and history. 

In the first round, each team comprising 

four members was given one hour to 

complete a test that consisted of 50 

multiple-choice questions and one short 

answer essay. After the completion of the 

first round, participants were taken on a 

BBC EARTH MAGAZINE 
SCHOOL CHALLENGE 2017, 

MALAYSIA
BBC Earth Magazine Asia takes learning outside the classroom with challenges that engage 

students to learn more about the world
brief tour of the science discovery centre 

while judges tabulated the test scores and 

deliberated on the finalists. From there, 10 

finalist teams were chosen to move onto the 

second round which required participants 

to prepare a short presentation. Each team 

was given three hours to plan and research 

presentation topics that touched on global 

subjects such as the prospects of robots 

taking over human jobs and necessity of 

traditional brick-and-mortar shops in the 

digital age. The second round saw many 

of the teams tapping into their creative 

potential as they incorporated fun and skits 

in their presentations to further enhance 

their delivery.

The evening was capped off with the 

crowning of the 2017 School Challenge 

winners and presentation of appreciation 

certificates to sponsors who had 

supported the event. The sponsors 

included Petrosains, Tourism Australia, 

Lost World of Tambun, Bukit Gambang 

Resort City, Worldwide Magazine Services, 

Columbia watches, The Planet Traveller, 

Best Western i-City and IDEAL Polarized 

Sunglasses. Tengku Nasariah Tengku 

Syed Ibrahim, Chief Executive Officer of 

Petrosains said, “We are truly pleased to 

collaborate with Regent Media through the 

BBC Earth Magazine School Challenge.  

As an institution that promotes the public 

understanding of science, our aim is to be a 

platform that constantly provides readers of 

the magazine and visitors of our Centre alike 

with knowledge and information that helps 

them understand and appreciate better, the 

world around them.  This initiative with the 

BBC Earth Magazine then helps us nurture 

the curiosity over the fascinating world of 

science and its valuable contribution to 

mankind. Our ultimate goal is to provide 

14 Vol. 9 Issue 11



All participants received a personalised certificate
Mr Vincent Tan

Managing Director of Worldwide Magazine Services Sdn Bhd

Mr Nasiruddin Nasrun
Head of Marketing for Bukit Gambang Resort City

Tengku Nasariah Tengku Syed Ibrahim
CEO of Petrosains
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 SMK TAMAN MALURI
NURHANIS BT MUHAMAD ALI, NURUL SHAFINA BINTI ZAIDI, 

VHIMMAL A/L SURESH, MUHAMMAD ZUL FAHMI B MOHD FAIZALL

SMJK KATHOLIK PETALING JAYA
DE JIA XUAN, LIM WEI YIN, SURASH A/L MAHENDIRA RAJAN, NG ZI JIN

 SMK LA SALLE PJ
AMIR ISKANDAR BIN KAMARULZAMAN, JERYL TEE JIEN WEI, 

ADAM ISKANDAR BIN KAMARULZAMAN, ALEXANDRE LIM ENG KEAT

WESLEY METHODIST SCHOOL KL
MICHELLE ONG SHU TIAN, MAGGIE YEUNG WAICHEN, 

TAN HUI RU KIMBERLEY, TING YEN SHAN

SMK TAMAN MALURI
NURQISTINA BT ROSLI, NUR AMEERA QAMELIA BT KHAIRIL ANUAR, 

AZNOR AFIQ IRFAN BIN AZRI, AHMAD MIRZA B. AHMAD TAIF

WESLEY METHODIST SCHOOL KL
TAN WEI CHUN, UN CHI WEN, BENJAMIN LEE YI HOONG, 

CHEAH TZE HAN
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TAYLOR INTERNATIONAL SCHOOL KL
PHISENUKWAT CHAI, MAAN ISHA KAUR MOHAN SINGH, 

DAKSHAYANI SHANMUGA VIVEKANANDA, CHLOE GOY YAN TING

something appealing for everyone, 

especially for the younger generation.  

Collaborations such as this with BBC Earth 

magazine enables us to make the learning of 

science accessible, engaging and credible.”  

Impressing a panel of four judges, 

secondary school students of SMK Convent 

Bukit Nanas emerged as champions 

once again, taking home the event’s top 

prize which was an educational trip to 

Australia. No stranger to the challenge, the 

unstoppable team was last year’s champion 

and succeeded in defending their title. 

The team, which consisted of Chrystal 

Foo Kai Ying, Rebecca Yenn Kay Chan, 

Sharifah Zeynah Alhadad and Francesca 

Nira Lim was led by teacher mentor, Ms 

Tan Shim Yu. “Tourism Australia is pleased 

to continue our support for BBC Earth 

School Challenge 2017. Travel is one of 

the best ways of learning at any age and 

Australia is a great destination for students 

who want to immerse themselves in unique 

experiences. We look forward to welcoming 

the winners to Australia and they will 

have the chance to explore a variety of 

Australian wildlife, scenic landscapes and 

VICTORIA INSTITUTION
IQBAL BIN LOKMAN, AMIN IDHAM BIN RAZALEE, CHAI CHUN LIK, LYNDON LUM WAI KHUEN
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Educational Tour Sponsor International Educational Tour Sponsor National Supporting Partners

Supported byOrganiser Official School AgentsVenue Sponsor

world class museums and galleries to pique 

their interests. We hope that they will have 

a great trip and will discover why there’s 

nothing like Australia,” shared Elaine Leong, 

Country Manager, Malaysia for Tourism 

Australia. Students from Victoria Institution 

and Taylor’s International School Kuala 

Lumpur came in as first and second runner-

up and were awarded educational trips to 

Lost World of Tambun and Bukit Gambang 

Resort City. There were lots of prizes given 

away and all participants went home with 

goodie bags that were filled with fun items. 

This year’s event saw some familiar 

faces returning to take on more challenges 

that required skills and knowledge beyond 

classroom subjects. We are glad that the 

event provided a positive environment for 

young minds to share their ideas and we 

look forward to another outstanding event 

with more teams joining us next year. 

SMK CONVENT BUKIT NANAS 
FRANCESCA NIRA LIM NIE HUEI, SHARIFAH ZEYNAH ALHADAD BT SYED ALHADAD, 

REBECCA YENN KAY CHAN, CHRYSTAL FOO KAI-YING
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IS THERE A TENTH PLANET?
Astronomers in the US have inferred the existence of an unknown ‘planetary mass object’ 

affecting the movements of space rocks in a distant asteroid belt

It seems the Solar System may be a little more 

crowded than we thought: a planet around the size 

of Mars could be hidden among its outer fringes.

A team from the University of Arizona has 

discovered a mysterious mass, dubbed Planet Ten, 

that appears to be tugging at the orbits of a 

population of space rocks known as the Kuiper Belt 

in the icy outskirts of the Solar System.

The Kuiper Belt lies beyond the orbit of Neptune 

and extends to a few hundred Astronomical Units 

(AU) with one AU representing the distance between 

Earth and the Sun.

The Earth and the other major planets all orbit the 

Sun in roughly the same plane. However, Kuiper Belt 

Objects (KBOs) are far enough away from the 

gravitational attraction of the gas giants to be tilted 

away from this plane, and are affected by 

interactions with one another.

This angle, known as the inclination, can be 

calculated. If the observed angle differs from the 

SPACE

Artist’s impression  
of Planet Ten

UpdateTHE LATEST INTELLIGENCE
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Planet Ten orbits 
beyond Neptune on a 
different plane to the 

other planets

“All eyes are on the outer Solar System right now. First, 

astronomers found tantalising clues of a ninth planet beyond 

the orbit of Neptune. But now there might be a tenth, too.

We shouldn’t really be surprised. The early Solar System 

was a much more chaotic place than the largely serene 

environment of today. Another planet is thought to have 

whacked into the Earth to form the Moon, for example. What’s 

more, computer models of Solar System formation work 

better if there were more than four gas planets to begin with. 

Today’s gas planets were the gravitational victors in the Solar 

System’s childhood squabbles. Planets Nine and Ten, should 

they be confirmed, were likely bullied into far-flung orbits.

But why is it taking until now to find them? After all, we’ve 

found more than 4,000 planets beyond our Solar System. We 

don’t spot those exoplanets directly – we look for changes in the 

light from their host stars to infer their presence. For us to see 

a distant planet in our own Solar System, light has to trek from 

the Sun all the way out there and back to the Earth, fading all the 

while. So they’re on the edge of what we can seen with current 

telescopes. With the potential Planet Ten, the task is even trickier 

due to its likely position close to the bright Milky Way.

Should the planets be found, more than a decade since 

Pluto was knocked off its planetary perch, the textbooks will 

need ripping up again.”

COLIN STUART
ASTRONOMER AND AUTHOR

E X P E R T  C O M M E N T

 “THE MOST 

LIKELY 

EXPLANATION 

FOR OUR 

RESULTS IS THAT 

THERE  

IS SOME UNSEEN 

MASS”

one calculated, then it’s possible that the smaller 

KBOs are being pulled out of line by something 

more massive – potentially an undiscovered 

planet. This method is how the existence of the 

so-called Planet Nine was predicted last year.

After analysing more than 600 objects in the 

Kuiper Belt, the researchers found a discrepancy 

of 8° at around 50AU away from the Sun.

“The most likely explanation for our results is 

that there is some unseen mass,” said researcher 

Kat Volk. “According to our calculations, 

something as massive as Mars would be needed 

to cause the warp that we measured.”

The researchers say we may not have directly 

observed the planet because we haven’t yet 

searched the entire sky for distant objects in the 

Solar System. However, a chance may come in 

2020 when the Large Synoptic Survey Telescope 

(LSST) is completed.

“We expect LSST to bring the number of observed 

KBOs from currently about 2,000 to 40,000,” 

researcher Renu Malhotra said. “There are a lot more 

KBOs out there – we just have not seen them yet. 

Some of them are too far and dim even for LSST to 

spot, but because the telescope will cover the sky 

much more comprehensively than current surveys, it 

should be able to detect this object, if it’s out there.”

Update THE LATEST INTELLIGENCE
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An MIT professor of computer science and 

an assistant professor in civil engineering at 

the University of Tokyo have joined forces to 

come up with a better way of… making paper 

rabbits. Or rather, they have created an 

algorithm that enables the creation of any 3D 

shape from a single sheet of a given material.

MIT’s Prof Erik Demaine has previous 

experience in this area: his 1999 PhD thesis 

described the same thing. The difference, 

though, is that his previous algorithm 

essentially involved taking a long, thin strip of 

paper or other material and winding it into 

the desired shape. This tends to leave you 

with lots of seams in the finished 3D shape, 

and is inefficient in terms of the amount of 

paper (or other material) required. The new 

algorithm, on the other hand, preserves the 

boundaries of the original sheet of paper, 

and minimises the number of seams. “It’s a 

totally different strategy for thinking about 

how to make a polyhedron,” said Demaine.

If you’ve ever unfolded a paper cup from 

the water cooler, and ended up with a 

circular piece of paper, that’s the perfect 

example of how the new algorithm works 

– the outer edge of the circle ends up as the 

rim of the cup. Demaine’s old method, 

however, would have created a non-

watertight cup shape by winding a thin strip 

of paper into a coil. 

The technique could have practical 

applications in manufacturing, particularly in 

areas such as designing and building 

spacecraft, where materials efficiency is of 

paramount importance.

COMPUTATIONAL ORIGAMI 
TAKES A BIG LEAP FORWARD

The new origami 
algorithm can make any 

shape from a single 
sheet of material

MATHS
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IN NUMBERS

1,203
KM

5,100
SQUARE KM

The distance Chinese 

researchers were able to 

successfully preserve quantum 

entanglement in a pair of 

photons – that’s a new record.

66
MILLION

The numbers of trees planted 

by 1.5 million volunteers in 

Madhya Pradesh, India in 12 

hours in an attempt to combat 

climate change.

The amount of UK power 

supplied by wind, solar, hydro 

and wood pellets on 7 June – 

the first time more energy was 

generated by renewables than 

fossil fuels.
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Birds might generally be better known for their 

singing, but new research carried out by Prof Rob 

Heinsohn from the Australian National University 

(ANU) has proved they can also be a dab hand on 

the drums.

The palm cockatoo – also known as the goliath or 

great black cockatoo – is native to New Guinea and 

to Australia’s Cape York Peninsula, an area of 

untamed wilderness in the far north of Queensland. 

It was here that Heinsohn’s team were, for the first 

time, able to capture enough film of the reclusive 

species’ drumming behaviour, which had previously 

been reported anecdotally, for serious study. The 

footage was obtained as part of a wider study into 

the bird’s conservation needs.

Heinsohn and his team at the ANU Fenner School 

of Environment and Society analysed seven years’ 

worth of footage of 18 male cockatoos, and found 

that all 18 of the birds drummed regularly.

“The large smoky-grey parrots fashion thick 

sticks from branches, grip them with their feet and 

bang them on trunks and tree hollows, all the while 

displaying to females,” said Heinsohn. “The icing 

on the cake is that the taps are almost perfectly 

spaced over very long sequences, just like a 

human drummer would do.”

What’s more, each cockatoo was found to have 

its own signature style, with some drumming 

faster or slower, and others introducing distinctive 

flourishes to the otherwise regular beat. It’s 

thought that this enables other cockatoos to 

determine who is drumming where.

COCKATOOS GOT RHYTHM
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Dave the cockatoo had  
been practising for his 
Counting Crows audition

ZOOLOGY
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NASA’s Juno probe has delivered 

the goods yet again. This time, with 

photos of Jupiter’s iconic Great Red 

Spot that were taken on 10 July.

The stunning images were pieced 

together by citizen scientists using 

raw data taken from the JunoCam as 

the probe passed just 3,500km 

above the planet’s cloud tops – the 

closest any human-made object has 

come to the storm.

“I have been following the Juno 

mission since it launched,” said 

citizen scientist Jason Major, who 

produced one of the images. “It is 

always exciting to see these new raw 

images of Jupiter as they arrive. But 

it is even more thrilling to take the 

raw images and turn them into 

something that people can 

appreciate. That is what I live for.”

Measuring 16,350km across, 

Jupiter’s Great Red Spot is a vast, 

raging storm 1.3 times as wide as 

Earth. It has been under observation 

since 1830 and is believed to have 

existed for more than 350 years. 

Early analysis of data taken by 

Juno portrays Jupiter as a highly 

turbulent world, with a complex 

interior structure, energetic polar 

auroras, and huge polar cyclones.

“For hundreds of years scientists 

have been observing, wondering 

and theorising about Jupiter’s Great 

Red Spot,” said Juno’s principal 

investigator Scott Bolton. “Now we 

have the best pictures ever of this 

iconic storm. It will take us some 

time to analyse all the data from not 

only JunoCam, but Juno’s eight 

science instruments, to shed some 

new light on the past, present and 

future of the Great Red Spot.”

How did they do that?
Computer scientists at Georgia Institute of Technology in 

the US have taught a robot to compose its own musical 

pieces, and then play them on the marimba – an 

instrument similar to a xylophone.

How did they do that?
The robot – nicknamed ‘Shimon’ – was fed nearly 5,000 

complete compositions, ranging from pop songs to 

classical pieces, and over two million smaller fragments 

such as riffs, solos and codas. Using deep learning 

techniques, its AI system then analysed the material and 

devised its own set of rules for composition. Using these 

rules, it then ‘wrote’ and played recognisably musical 

creations of its own.

Why did they do that?
Project leader Mason Bretan is interested in exploring the 

possibilities of AI and computer learning in music 

composition. Maybe the first robot masterpiece is just 

around the corner.

ROBOT TAUGHT TO 
COMPOSE MUSIC

T H E Y  D I D  W H A T ? !

JUPITER’S GREAT RED  
SPOT CAPTURED IN 
UNPRECEDENTED DETAIL

SPACE

Enhanced colour 
image of Jupiter’s 
Great Red Spot



P
H

O
T

O
S

: 
N

E
W

S
P

R
E

S
S

, 
G

E
T

T
Y

Update THE LATEST INTELLIGENCE

24 Vol. 9 Issue 11

Volvo claims that by 2019 all its 
new vehicles will be electric or 
hybrid, like this XC90 model



Volvo is the first major car company to 

announce that all its cars will soon have 

electric motors. None of its new models will 

rely solely on internal combustion after 

2019, and other manufacturers are 

presumably not far behind. So what does 

this mean for the environment, and for our 

congested cities? Are electric cars really as 

eco-friendly as we’re led to believe?

There is one area where electrification 

clearly brings an advantage, and that is 

exhaust emissions. Fumes from vehicles 

are implicated in around 40,000 premature 

UK deaths every year, with around 9,000 in 

London alone. Diesel fumes are a major 

issue here, although petrol is hardly benign. 

Vehicle emissions cause a host of 

unpleasant conditions, including cancer, 

heart disease, diabetes and Alzheimer’s. 

Shifting to electric vehicles has the 

potential to change this dramatically, 

especially in urban areas.

There is also the possibility that electric 

cars, in the long term, might introduce a 

virtuous cycle of energy efficiency. Electric 

motors are not as heavy as their oil-

powered ancestors, which means the 

overall vehicle can be lighter. In a country 

where most vehicles have become lighter, 

the damage from impacts is reduced. This 

means cars need less protective armour, 

which makes them even lighter, so they 

need even less energy to get around, which 

further reduces their damage, and so on…

Finally, there is the possibility of reduced 

carbon emissions, although this one is a bit 

less clear-cut. The carbon cost of electricity 

entirely depends on how it’s generated. 

Charging a car now would be far less green 

than charging it when it’s sunny or windy. 

The greenness of electric vehicles, then, 

depends either on people’s willingness to 

hold off charging them until conditions are 

good (which, based on some of our 

research at the University of Bath, looks 

unlikely) or a breakthrough in battery 

technology that allows energy to be stored 

CAN ELECTRIC CARS SAVE 
OUR CITIES?

As Volvo announces plans to go all-electric by 2019, transport expert Ian Walker 
weighs up the environmental pros and cons

efficiently from good days to bad days. 

Given their potential advantages – and 

the lack of urban pollution is one that’s 

particularly appealing – it would be easy to 

become highly enthusiastic about electric 

cars. Many people already have. 

Governments might even be tempted to 

subsidise them to encourage a rapid 

uptake. But before we rush headlong into 

an electric future, it’s important to consider 

any possible downsides too.

The main issue is that cars – both by their 

intrinsic design and by the way we use 

them – are associated with a broad range 

of problems that, at best, will be untouched 

by taking out a combustion engine and 

replacing it with an electric motor. Going 

electric would do nothing to reduce 

congestion – indeed, it could plausibly 

make it worse if pollutionless driving starts 

to feel ‘guilt-free’. Electrification also fails to 

address the issue of where we store cars 

when they’re not being used – and when 

you think about it, that’s almost all the time.

There’s also a host of issues that 

electrification, at best, addresses to such a 

marginal degree that it’s hardly worth the 

bother. Take noise pollution. This is a far 

bigger public health problem than you 

would believe, contributing to conditions 

like hypertension, sleep disorders, and 

behavioural problems in children. But 

above even modest speeds, the noise from 

cars is mostly from the tyres, not the 

engine. Research we’ve carried out at Bath, 

with colleagues from Trinity College Dublin, 

showed that even if vehicles went 100 per 

cent electric overnight, the noise issue 

would be only very slightly reduced. Hardly 

a ringing endorsement.

But perhaps the greatest public health 

issue of our age is one that electrification 

completely fails to address: physical 

inactivity. The way we build and run our 

towns and cities means that it’s easy, and 

socially acceptable, to drive short 

distances. At least a quarter of English car 

journeys, for instance, are under two miles, 

usually taking up precious road space by 

carrying around several empty seats. 

These are journeys that in most cases 

would be quicker, cheaper and a great deal 

healthier and less congesting if walked or 

cycled. The guilt-free nature of electric cars 

could even make this slightly worse.

There are certainly advantages to a 

change like Volvo’s, particularly when it 

comes to reducing urban pollution. But all 

we are being offered at the moment is the 

chance to replace cars’ engines, not to look 

at the way we use cars in society. This 

means that we fail to work towards towns 

and cities that are truly healthier, safer and 

more welcoming, and we fail to free rural 

communities from their car dependence. 

There’s a sense in which electric cars are 

old milk in new bottles. Really we should be 

asking far more fundamental questions 

about how and why we travel rather than 

just what sort of engines our cars have. 

“GOING ELECTRIC WOULD 

DO NOTHING TO REDUCE 

CONGESTION”
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 “VIDEO GAMES ARE CONTINUALLY 

 CHALLENGING OUR SKILLS, MAKING THE BRAIN 

 PERFORM AT 100 PER CENT OF ITS CAPACITY”

Update THE LATEST INTELLIGENCE
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ABOVE: Do computer 
games make you 

more violent, or just 
more cleverer?

Update THE LATEST INTELLIGENCE

Do video games change the brain? Different studies have reached different 
conclusions, so Marc Palaus, a neuroscientist at Spain’s Universitat Oberta de 
Catalunya, reviewed the research

Do video games affect behaviour?
Video games are likely able to affect the way we 

behave in a number of ways. For instance, there’s 

concern about whether violence in games makes 

young people more violent. It’s not uncommon for 

news outlets to blame games every time a crime 

happens, but how true is that claim? 

This is controversial even within the scientific 

community. Yes, exposure to violence seems to 

affect the brain, but studies have also found that 

we’re good at distinguishing between real and virtual 

violence, and aggressive behaviour is better 

explained by other, mainly socio-economic factors. 

Numerous studies about the effects of games on the 

brain had been published, but all that information 

had not been put together until now.

How did you review the research?
We gathered all scientific articles to date and 

compared results. In total, we found 116 

experiments, the first from the 1980s. Many 

compared regular video game players with people 

who had never played; others trained people in a 

game for several weeks and studied its effects. 

Changes in the brain were measured using 

magnetic resonance imaging (MRI) or 

electroencephalography (EEG), which detect 

whether brain regions increase or reduce in size, 

and how it affects their activity.

Are games bad for the brain?
The clearest negative impact is the risk of abuse 

and addiction by people with predisposing 

personality traits. Video games can affect the 

reward circuits, containing the pleasure centres of 

the brain. This in turn could affect other brain 

functions in the frontal lobe, possibly affecting the 

capacity for planning, inhibiting distractions and 

mental problem-solving. 

Games that heavily rely on online multiplayer 

modes are the most associated with addiction, 

due to social interactions being more rewarding 

than just playing against the computer.

Can games be good for you?
Since video games usually display increasing levels 

of difficulty, they are continually challenging our 

skills, making the brain perform at 100 per cent of its 

capacity, resulting in effective cognitive training. 

Various mental functions seem to benefit from 

this effect. Of these, attention is the most studied, 

and its enhancement allows us to better process 



THE FORGETFUL
Do you often find it difficult to remember what you had for 

dinner last night? You might be a genius. Canadian researchers 

have found that jettisoning unimportant memories helps us to 

focus on the most important information.

COFFEE DRINKERS
Make mine a quadruple espresso! People who drink two to 

three cups of coffee a day are 18 per cent less likely to die 

from heart disease, cancer, stroke, diabetes and kidney 

disease, a team at the University of California has found. 

SMARTPHONE ADDICTS
If you break out in a sweat when your smartphone’s out of 

reach, it may be time to rethink your habits. A University of 

Texas team has found that having a smart device in sight 

reduces our ability to focus and perform tasks.

 TEENAGERS
So much for the vitality of youth! Researchers at the 

University of Baltimore have found the activity levels of 

the average 19-year-old are the same as those of people 

in their sixties.

B A D  M O N T H

G O O D  M O N T H
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objects in our visual field, selecting those which 

are relevant and ignoring the rest. Attention 

improvements have a positive effect on ‘executive 

functions’, mental processes involved in 

controlling behaviour, solving problems and 

facilitating learning – functions that are closely 

linked to intelligence. Visuospatial skills – our 

capacity to process visual and spatial information 

– are also improved. 

Can games be 
useful?
Video games contribute 

to the correct 

functioning of our brain, 

and can even improve it. 

So we have to get rid of 

our prejudices and 

accept them as valid 

entertainment. This also 

opens the door to using 

games as a form of 

training in clinical 

settings, especially for 

those with cognitive 

deficits.

BELOW: In some hospitals, 
video games are already 
used to help rehabilitate 

stroke patients



The new baryon particle 
contains two charm 

quarks and an up quark

“FINDING A 

NEW HEAVY-

QUARK BARYON 

IS OF GREAT 

INTEREST”
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What a charmer: scientists working at the Large 

Hadron Collider have found a new kind of subatomic 

particle. The particle is a baryon (a particle 

consisting of three quarks) named Xi-cc++, and is 

part of a family of ‘doubly charmed baryons’ whose 

existence had previously been predicted by the 

Standard Model of particle physics, but never 

observed. The research, led by University of 

Glasgow physicist Dr Patrick Spradlin, was carried 

out at the Large Hadron Collider’s LHCb detector.

All the matter we see around us is comprised of 

protons and neutrons, which are baryons made of 

the lighter up and down quarks. Baryons that 

include the heavier charm, top, strange or beauty 

quarks decay almost instantly into protons and 

neutrons, making them hard to detect.

Many baryons have been observed with one 

heavy quark but Xi-cc++ is the first one that’s ever 

NEW SUBATOMIC PARTICLE 
DISCOVERED AT CERN

PHYSICS
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been seen with two heavy quarks – in this case 

two charm quarks.

“The properties of the newly discovered Xi-cc++ 

baryon shed light on a longstanding puzzle 

surrounding the experimental status of baryons 

containing two charm quarks, opening an exciting 

new branch of investigation for LHCb,” said 

Spradlin. The new baryon is around 3.5 times 

heavier than a proton or neutron, and has an 

electric charge twice that of a proton. The 

Glasgow team discovered over 300 Xi-cc++ 

particles lurking in last year’s LHCb data.

“Finding a new heavy-quark baryon is of great 

interest as it will provide a unique tool to further 

probe quantum chromodynamics, the theory  

that describes the strong interaction, one of the 

four fundamental forces,” said researcher 

Giovanni Passaleva.



Children are better at 
learning instruments 
and languages than 

older people, but 
scientists may have 

unlocked a way  
to extend this 

capability to adults

29Vol. 9 Issue 11

If you want your child to become fluent in 

foreign languages, or grow up to be a concert 

pianist, then the advice has always been to start 

them as early as possible. There’s a sound 

scientific reason for this: children have a much 

greater capability for auditory learning than 

adults. But now, in news that will delight pushy 

parents everywhere, researchers at St Jude’s 

Children’s Research Hospital in Memphis, 

Tennessee have managed to extend this 

‘learning window’ into early adulthood, albeit 

only in mice so far.

The researchers used several different 

techniques to either reduce the brain’s supply 

of the neuromodulator adenosine, or block the 

A1 receptor that is vital to its function. 

Adenosine inhibits the release of the 

neurotransmitter glutamate, which is used by 

the auditory thalamus and the auditory cortex, 

the areas of the brain that process sound. With 

adenosine production and activity suppressed, 

the auditory thalamus and cortex had more 

glutamate to work with. As a result, the adult 

mice with lower levels of adenosine exhibited a 

greater ability to differentiate between tones 

than adult mice in the control group.

“These results offer a promising strategy to 

extend the same window in humans to acquire 

language or music ability… possibly by 

developing drugs that selectively block 

adenosine activity,” said research lead Dr 

Stanislav Zakharenko.

Be warned, though. Adenosine is also involved 

with sleep and suppressing arousal.

‘LEARNING WINDOW’ FOR 
LANGUAGES AND MUSIC EXTENDED 
USING SINGLE BRAIN CHEMICAL

NEUROSCIENCE

 MARS IS COVERED 
 WITH TOXIC  
 COMPOUNDS 

The surface of the Red 

Planet is teeming with 

chemicals that could wipe 

out living organisms, say 

researchers from Edinburgh 

University. This finding 

greatly reduces the chances 

of finding life on Mars.

 OUR BRAINS  
 BENEFIT FROM 

 PHYSICAL EXERCISE   
Working out can be just as 

beneficial for our brains as 

our bodies. A team at the 

University of Arizona has 

found that taking exercise 

leads to improvements in 

brain structure and function 

– an effect thought to be 

linked to our evolution from 

sedentary apes to active 

hunter-gatherers.

 CHILDREN WHO 
 SLEEP LESS COULD 

 AGE FASTER 
Telomeres are structures at 

the end of our chromosomes 

that shorten with age. In 

nine-year-old children who 

miss out on sleep, they are 

significantly shorter than 

in kids who sleep more, a 

study at Princeton University 

has found.

 EARTH IS ON 
 THE BRINK OF  

 MASS EXTINCTION 
Over the last century, Earth 

has undergone a decline in 

mammal populations akin 

to ‘biological annihilation’, 

according to Mexican 

researchers. This is due to 

human overconsumption and 

overpopulation, they say.

WHAT WE

LE ARNED

THIS MONTH



COMMENT & ANALYSIS

roper summer has finally arrived, 

along with the opportunity for 

sitting outside and basking like a 

lizard through long and lazy afternoons. 

On a sunny day, while eating al fresco, 

intense sunlight glints off plates and 

glasses, and the most important question 

of the afternoon is whether clotted cream 

or jam should be spread on scones first. But 

take a moment away from these ponderings 

to look at the table – really look – and you’ll 

see that it’s covered in bright lines and odd dark 

patches. The surface of your tea is decorated 

with two sharp semicircles on the side furthest 

from the Sun. Your transparent glass of water 

casts a weird dark shadow (even though it 

is transparent), cut in half with a blaze of 

white light. Inside the rim of a plate, there 

are thread-like lines which roll across the 

surface as you tilt it. All of these features 

are called caustics, and a sunny day offers 

the perfect opportunity to admire them.

Caustics are the sharp dividing lines 

between bright and dark regions, and 

they turn up wherever parallel light rays 

meet curved surfaces. Because the Sun 

is effectively a point source a long way 

away, the light rays coming from it are 

almost perfectly parallel. When they reach 

the inside of a teacup, they bounce off at 

different angles, depending on which part 

of the inside of the cup they hit. But there 

are some regions that many different 

rays get directed to (those are the bright 

semicircles) and some regions which 

are effectively forbidden – they 

can’t be reached by any reflected 

ray. In your cup, the two intense 

semicircles meet at a point called the 

cusp, which makes a distinctive pattern 

known as a nephroid caustic, because it’s 

vaguely kidney-shaped. 

You’ve probably also seen caustics on the bottom of a 

swimming pool, where waves travelling across the surface 

focus light into criss-crossing bands, and direct it away 

from the spaces in between. 

The surface where you see a 

caustic is acting like a screen, 

giving you a sneak peek into where 

light was travelling. If you move 

the screen, you’ll see the pattern 

change, but the three-dimensional 

pattern itself was there all along. The 

light field around us is lumpy and 

bumpy like this all the time, especially 

on sunny days. But we need to put an 

obstacle in the way to make the lumps and 

bumps visible.

The final stage in the beauty of caustics 

brings us to the rainbow. Light paths are bent 

as they cross from one transparent object to 

the next, violet bends more than red. You may 

well see some coloured lines in the shadow from 

your water glass because each colour generates 

its own caustic, and they don’t line up. And 

so we come to the search for a pot of gold. A 

rainbow is formed as light from the Sun reflects 

and refracts its way around the inside of tiny 

water droplets in the sky. Afterwards, 

the light field for each colour is lumpy, 

with caustics dividing the most and 

least intense regions. You intercept 

that pattern with your own eyes, 

and you see the rainbow – different 

caustics for red, orange, yellow, green, 

blue, indigo and violet, glittering in a 

giant arc across the sky. The lumpy 

light field exists at every point between 

you and those water droplets, and 

your eyes detect the unique pattern at 

your viewpoint. But this means the 

pot of gold at the end of the rainbow 

is unattainable, because all that’s 

there is a three-dimensional pattern. 

However, the dish of butter on the 

table is right here, so maybe I’ll admire 

the caustics inside the dish and make do 

with that instead. 
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HELEN CZERSKI ON … CAUSTICS
“THIS MEANS THE POT OF GOLD AT THE END OF THE RAINBOW 
IS UNATTAINABLE”

Dr Helen Czerski is a physicist and BBC science presenter. Her book, 

The Storm In A Teacup, is out now

30 Vol. 9 Issue 11



BBC EARTH MAGAZINE SUBSCRIPTION OFFER

I WANT TO SUBSCRIBE!YES!
PLEASE TICK ACCORDINGLY

 Singapore, 1 year subscription, 12 issues for S$77

 Malaysia, 1 year subscription, 12 issues for RM184

*Rates are inclusive of postage in SGP and MY

Title  Surname

Name

DOB  NRIC  

Tel  Mobile 

Email

Address

Country  Postal Code

PERSONAL PARTICULARS

MY PROFILE

Gender Age Group Occupation Annual Income

 Male  Below 30  Executive  Below $50,000

 Female  31 - 40  Management  $50,001 - $100,000

 41 - 50  Professional  $100,001 - $150,000

 Above 50  Businessman  Above $150,000

YOUR PAYMENT OPTIONS

 CHEQUE

Please enclose a cheque made payable to:

Singapore: Regent Media Pte Ltd

Malaysia: Regent Media Sdn Bhd

Cheque No.:

Amount:

 CREDIT CARD*  (VISA & MASTERCARD ONLY) *Singapore only

Debited amount under”Golf Events and Marketing” will be reflected in your credit 

card statement for subscribers in Singapore.

Name on Credit Card:

 

Credit Card No.:

Expiry Date:

Amount:

Signature:     Date:

TERMS & CONDITIONS:
• This subscription offer is non-refundable 

• Promotion is valid till the end of November 2017

• Subscription gifts where applicable are available on a while stocks last basis

• The above subscription rates are only applicable to readers residing in Singapore & Malaysia

• Gifts must be taken as provided and are neither transferable nor exchangeable for cash

•  Company reserves the right to replace gift when stock is unavailable

• All prices are inclusive of GST and taxes

• Please allow 4-6 weeks for processing

• Subscribers/Winners will be notified by post 

• Subscription gifts/lucky draw prizes are to be collected at address stated on notification letter

• Other terms and conditions apply

SPECIAL SUBSCRIPTION OFFER!
4 EASY WAYS TO SUBSCRIBE

GREAT REASONS TO SUBSCRIBE

GO ONLINE*

OR EMAIL
subscription@regentmedia.sg

FAX TO
SINGAPORE
65-6449 9945

MALAYSIA
603-42926251

CALL HOTLINE
SINGAPORE
65-6446 6888

MALAYSIA
603-79548989

MAIL TO
Regent Media Pte Ltd, 
20 Bedok South Road, 
Singapore 469277
or
Unit 6.02 Level 6, Menara 
Maxisegar
Jalan Pandan Indah 4/2 
Pandan Indah
55100 Kuala Lumpur.

• Every issue delivered direct to your door  
• Exclusive subscriber-only offers and discounts



SCIENCE

32 Vol. 9 Issue 11



Out-of-body experiences have previously been dismissed as fantasy, or hailed 
as evidence of the human soul. But new research suggests they could be the  

key to unlocking the mysteries of consciousness…
 WORDS BY PROF SUSAN BLACKMORE

ave you ever felt as though you were lifting up out 

of your body, floating near the ceiling and looking 

down on the world and your own body below? If 

so, by definition, you’ve had an out-of-body experience, 

or OBE. This definition is important because it describes 

the OBE purely as an experience. This opens the question: 

does anything actually leave the body in an OBE? If it 

doesn’t, we have to find out why OBEs happen and what’s 

going on in the brain when one takes place. If it does, the 

implications are profound. If someone could truly leave 

their body, then mind or consciousness must be able to 

exist beyond the brain and even potentially survive death. 

If this were the case, much of science as we know it would 

have to be overthrown. Let’s take a look at OBEs and the 

research surrounding them. 

Most people who have OBEs are, at least briefly, 

convinced that their soul, spirit or astral body has really 

gone travelling, thanks to the realistic nature of the 

H
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experience. About 12 to 20 per cent of the population in 

many different countries have had the experience at least 

once, with a few able to induce it at will.

Although the experience can happen at any time, when 

walking, washing-up, or even riding a bike, most OBEs 

occur when people are relaxed and lying down. Some 

happen on the verge of sleep, especially in combination 

with sleep paralysis – an unpleasant feeling of waking up 

and finding yourself unable to move. Others happen as 

part of a near-death experience. But why?

Until recently the most common explanation was ‘astral 

projection’. This idea developed in the 19th Century as part 

of Theosophy, a scheme loosely based on Hindu and 

Buddhist teachings that involved seven ‘bodies 

of man’, ranging from the physical body right 

up to higher spiritual bodies. In between is 

supposed to be the ‘astral body’, a subtle 

vehicle of consciousness that can separate 

temporarily during life and permanently at 

death, leading to life after death.

In the 20th Century, psychical researchers 

and parapsychologists tried, but failed, to detect astral 

bodies using psychic mediums or a variety of physical 

instruments. They set up extrasensory perception (ESP) 

experiments to test whether OBErs could see targets 

placed in distant rooms, but no convincing results were 

ever obtained and OBEs remained a dubious topic of 

research on the fringes of the paranormal.

ELECTRODES AND EPILEPSY
But with the turn of the century, everything changed. In a 

hospital in Switzerland, neurosurgeon Prof Olaf Blanke 

was carrying out a tricky operation on a woman whose 

severe epilepsy could not be treated unless the focus of 

her frequent seizures was found. To locate it, an array of 

electrodes were positioned under the dura, the strong 

membrane surrounding her brain, so that different spots 

could be electrically stimulated. She remained awake 

throughout because there are no pain receptors in the 

brain itself. To the surgeon’s immense surprise, when he 

gently stimulated a spot near the right temporoparietal 

junction (TPJ) his patient described sensations of falling 

and sinking, as well as bodily distortions. With stronger 

stimulation, she felt as if she was floating near the ceiling. 

By repeating the process, her OBEs could be repeatedly 

elicited and controlled. As the famous paper in the journal 

Nature declared: “The part of the brain that can induce 

out-of-body experiences has been located”.

You might think this proves that an OBE is a perfectly 

natural phenomenon, requiring no spirits, souls or astral 

bodies. Yet some people disagree, arguing that this 

special spot is the place from where the astral body 

leaves, or through which God communicates with our 

consciousness. To provide a better explanation, we need 

to understand a bit more about the TPJ. This region, 

located at the part of the brain where the temporal and 

parietal lobes meet, constructs our sense of self and 

maintains our ‘body schema’. This is a constantly 

updated model of our whole body that is essential for us, 

as for any other animal, to keep track of where we are and 

what we are doing. Closely related to the body schema is 

our body image – our sense of personality and 

appearance. At the TPJ, information flows in from the 

senses and the memory to construct a rich impression of 

who we are, including our sense of inhabiting our own 

body, and being able to control it.

“Although the experience can happen at 
any time, when walking, washing-up, or 
even riding a bike, most OBEs occur when 
people are relaxed and lying down”

BELOW:  
Olaf Blanke 
induced an 

out-of-body 
experience in  

a patient 
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Now the surgeon’s discovery begins to make sense. If 

the body schema is disrupted by electrical stimulation, it 

would fail to properly track what the body is doing and so 

might drift from the body’s actual location. This would 

explain the distortions, like getting larger or smaller, or 

limbs growing and shrinking. These sensations occur with 

direct intervention in the brain, but also happen on the 

verge of sleep, with the use of certain drugs and before 

spontaneous OBEs. With serious disruption the body 

schema might split in two and this, researchers have 

suggested, is the cause of the OBE. 

FAILURE OR SKILL
This gives a rather bleak account of OBEs, attributing 

them to ‘failed integration at the TPJ’ or a ‘break-down of 

body processing’. So are the experiences a sign of 

something wrong, or even of mental illness? Although 

there are some links with pathology, the evidence says no. 

US researchers gave an extensive questionnaire called the 

‘Profile of adaptation to life’ to several hundred OBErs and 

found them to be as healthy as, or even more healthy than, 

the average American; a study in the UK compared a small 

Almost anyone can have an OBE but certain characteristics make it 

more likely. One is ‘psychological absorption’. Scoring high on this 

measure means you are easily engrossed in films, books or music, 

ignoring everything else around you. You may be susceptible to 

hypnosis, have a rich fantasy life and remember having imaginary 

playmates as a child.

Another is ‘positive schizotypy’. This sounds as though it’s 

related to schizophrenia and in a way it is. The idea is that 

everyone lies on a continuum from low to high schizotypy. High 

schizotypes have unusual dissociative experiences, disorganised 

thoughts, flat emotions and unstable moods, but are more 

imaginative and creative too. They include many writers, artists 

and poets, as well as OBErs. A third indication is ‘temporal lobe 

lability’, meaning the brain’s temporal lobes are more unstable or 

unpredictable. Labile types report more OBEs but also more lucid 

dreams, sleep paralysis, visions and hallucinations. 

These connections have been known for some time but a new 

discovery is revealing more about the underlying brain function. 

OBErs react differently to the ‘pattern glare task’. Look for a minute 

at the pattern of black and white stripes below. If you see just 

black and white stripes, that’s fine. But if you are susceptible to 

pattern glare the stripes will jiggle and shift, with strange shapes 

and illusory colours drifting across the stripes. In this case you are 

more likely to have OBEs.

This test is thought to reveal cortical hyper-excitability, meaning 

that those who see the illusions have more easily excitable brains. 

Hyper-excited visual systems produce tunnel experiences, excited 

auditory systems produce the whirring and grinding noises 

associated with sleep paralysis, and when our vestibular systems 

go wild we feel  like we’re floating and flying. In other words, this 

tendency to excitation leads to classic OBEs.

COULD YOU 
HAVE AN OBE? 
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“It may turn out that OBEs are linked with the important 
social skill of being able to understand someone else’s 
perspective”

Can you imagine becoming convinced that a 

pink, rubber hand is your own? Unlikely as it 

seems, this is the famous ‘rubber hand 

illusion’. The person’s own hand, lying next 

to a rubber hand, is concealed from view by 

a screen. If both hands are stroked 

simultaneously, people start to feel the touch 

as though it is on the rubber hand.

Bigna Lenggenhager, at the University of 

Zurich, has managed to create a ‘whole body 

illusion’ using virtual reality. She places a 

camera two metres behind a participant and 

gives them a head-mounted display to wear, 

so they are looking at their own back. When 

the experimenter gently strokes the 

participant’s back, they can watch as well as 

feel it. Gradually the sensation shifts towards 

the virtual body. 

In Sweden, neuroscientist Henrik 

Ehrsson uses a different method to create 

a similar effect. A camera is again 

positioned two metres behind a 

participant, but this time their chest is 

stroked in synchrony with a stick moving 

up and down in front of the cameras. With 

this method, people feel they have moved 

backwards towards the cameras. These 

may just be tricks but their effect can be 

profound. When the illusion is strong, body 

temperature drops, pain is felt less 

intensely, and threatening the real body 

with a knife produces a weaker reaction. 

The illusions have been induced inside an 

fMRI scanner, revealing that changes in 

activity in the brain’s temporoparietal 

junction reflect changes in self-location. 

These illusions are not the same as full 

OBEs, yet they reveal how our sense of 

being inside our own body can be 

manipulated. And this may explain how we 

can sometimes be convinced that we are 

outside our body.

OUT-OF-BODY IN VIRTUAL REALITY
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group of patients with schizophrenia to a control group 

and although the schizophrenics reported more bizarre 

experiences of various kinds, the two groups included the 

same number of OBErs.

A more positive way to understand OBEs fuels a recent 

debate between those who think they represent a failure and 

others who say they reveal a skill. The earliest psychological 

theories suggested that imagery might be the relevant skill 

but many experiments showed no obvious differences in 

richness or vividness of imagery. Some small differences 

were found in the ability to switch viewpoints, for example 

between imagining a scene from eye level or from a bird’s 

eye view, and OBErs were found more often to dream in 

bird’s eye view. These were clues leading to recent research 

showing the relevance of what is called ‘perspective taking’. 

This is the ability to see things from someone else’s point of 

view and is related to empathy. Interestingly, this ability also 

depends on areas of the brain close to the TPJ. So it may 

turn out that OBEs, far from 

being a failure, are linked with 

the important social skill of 

being able to understand 

someone else’s perspective.

It is still early days for 

serious OBE research but 

now it has begun we may find 

that an experience that was 

once dismissed as fantasy 

and ignored by mainstream 

science is now contributing to our understanding of 

consciousness and the nature of self. 

LEFT: Experiments 
with cameras and 
headsets have 
allowed scientists to 
manipulate our sense 
of location

RIGHT: The brain’s 
temporoparietal 
junction (highlighted 
with a black circle) is 
the region that seems 
to be associated with 
OBEs

Prof Susan Blackmore is a psychologist, lecturer and writer 

specialising in consciousness. Her latest book is Seeing Myself:  

The New Science Of Out-Of-Body Experiences
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The second edition of BBC’s 2001 The Blue Planet TV series, Blue Planet II 
brings with it new ocean habitats, uncovers new behaviours in marine life, 

and uses revolutionary technology to take viewers on an invigorating 
cinematic journey like never before. Take a deep breath…
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Scan this QR Code for
the audio reader

BLUE 
PLANET II

dive in 
deep with

T
he multi-award winning series The 

Blue Planet was first broadcast in 

2001, a natural history TV series 

on the world’s oceans. The original series 

was acclaimed for its musical score and 

cinematography, and was the first of its 

kind to comprehensively explore different 

aspects of marine life and behaviour. 

Continuing on this journey, Blue Planet II 

embraces the advancements in technology 

since its predecessor to explore new ocean 

habitats and present compelling new 

stories. The series will use revolutionary 

new technology to get eye-to-eye with 

even the smallest of creatures. Says James 

Honeyborne, Executive Producer of the 

series, “At first glance, it may seem as alien 

a world to us, as we are to it, but with the 

latest diving and submarine technologies, 

it’s possible to explore the oceans today 

like never before.”

Over the course of more than four years 

in production, the teams behind the series 

have mounted 125 expeditions, visited 39 

countries, and filmed on every continent 

and across every ocean. The series uses 

new age technology like tow-cams, suction-

cams and Ultra High Definition probe 

cameras (amongst others) to record new 

behaviours and explore new ocean habitats. 

The series also aims to bring viewers face-

to-face with concerning issues that are 

affecting the health of our oceans, and how 

this impacts us all. 

A five-minute series prequel was released 

globally in September 2017, featuring 

an exclusive soundtrack called ‘(ocean) 

bloom’. Radiohead, one of the world’s most 

acclaimed rock bands, and Hans Zimmer, one 

of the planet’s most accomplished movie and 

TV composers joined forces on this project. 

Inspired by the sounds and musical palette of 

Blue Planet II, Radiohead and Hans Zimmer 

recorded an orchestrally reimagined version 

of the Radiohead song Bloom, with Thom 

Yorke re-recording the vocals. This short 

introduction to the series, narrated by series 

presenter Sir David Attenborough, features 

an array of the most awe-inspiring shots and 

highlights from the new series, as well as 

several exclusive scenes that do not feature in 

any of the seven episodes. 

A scientist uses lasers to 
measure a whaleshark. 

Growing up to 12 meters and 
over 20 tons, it is the largest 

fish in the ocean. Scientist 
Jonathan Green attempts to 
unravel the mystery of why 

large pregnant females arrive 
there every year. In a world 

where tens of millions of sharks 
are killed every year for their 

fins, understanding these 
migrations is critical for the 
future of these ocean giants

Photograph by Jonathan Green 
copyright BBC NHU 2017
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INTERVIEW WITH JAMES 
HONEYBORNE, EXECUTIVE PRODUCER

Why is now the right time for a new series on the 

oceans?

The ocean is the most exciting place for us to be right now 

because scientific discoveries and new technologies have 

given us a completely fresh perspective on life beneath the 

waves. This series reveals new stories, featuring spectacular 

new places and extraordinary new animal behaviours 

that help us to better appreciate the wonder, magic and 

importance of the seas.

How much harder is it to make blue-chip natural history 

films underwater compared to on land?

The sea is a restless, ever changing environment; 

that’s part of its great appeal and mystery. But with 

that comes great challenges. Anyone who works with 

the ocean has to respect its capricious power. Filming 

underwater means being at the mercy of its great forces 

– tides, currents, winds, waves, crushing depths, poor 

visibility…can all make life extremely challenging. Those 

unpredictable elements, combined with the fact that we 

know less about the oceans than any other environment 

on Earth, means that underwater wildlife films are 

incredibly difficult to make. So we have joined forces with 

scientists, explorers and marine experts at the frontier of 

the known ocean to achieve this, together.

How has new technology been used in Blue Planet II?
It is amazing how much filming technology has moved on 

since the original Blue Planet series. We have harnessed 

new technology to tell stories - some never seen before - in 

completely new ways. Our underwater teams can now dive 

for much longer than conventional scuba ever allowed. 

Rebreather diving gives our teams time to sit silently and 

watch, with no bubbles or disturbance underwater, and 

really get to know new creatures and their behaviours. 

The original series would have shot aerials on 16mm film, 

from helicopters. Now we have ultra HD drones that can 

be deployed anywhere they’re permitted – and they have 

revolutionised the way we can immediately witness oceanic 

events from above, adding detail and insight events like the 

‘cyclone’ feeding strategy of manta rays over the coral reef, 

for example.

And submersibles carrying ultra HD and extreme low-light 

cameras have opened up the world of the deep ocean like 

never before, recording previously unseen events such as 

hunting packs of Humboldt squid, at 800m deep.

What has been your highlight of the whole shoot?

I’ve had some great experiences, working with ‘The Deep’ 

team, filming brine pools and a methane volcano in the Gulf 

of Mexico, and on location in Antarctica. But for me, it’s 

been those unexpected moments when we review material 

coming in from all over the world that has really made my 

day. It’s one thing seeing a fish flying through the air, that’s 

TOP LEFT:
James Honeyborne, 
Executive Producer 

of Blue Planet II

Photograph by Alex 
Board copyright BBC 

NHU 2017

TOP RIGHT:
Scientist Steve 

Simpson uses a 
multi-directional 

hydrophone to 
record the sounds of 

the reef. Scientists 
have recently 

discovered that 
many fish on the 

coral rely on sound 
at key stages in 

their life - and that 
man-made noise is 
interfering with this

Photograph by 
Roger Munns 

copyright BBC NHU 
2017
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unexpected enough, but then seeing a fish flying through 

the air and catching a bird in its mouth, wow...

.... the fish catches the bird? 

Yep - a bird-eating fish! The fish launches out of the water 

with phenomenal speed and acceleration and catches this 

bird in mid-air. And we filmed it in ultra-slow motion. To me 

it’s an iconic image, because in a moment, it transforms our 

understanding of what fish are capable of. It’s was originally 

a fisherman’s tale – a story we had only heard rumours of – 

and the only way of finding out if it was true was to go into 

the Indian Ocean and film it ourselves. I think that image 

alone speaks of the awesomeness, the power, the drama 

and the surprise that the ocean still delivers.

INTERVIEW WITH MARK BRONLOW, 
SENIOR PRODUCER

Introduce us to Blue Planet II:
This is a once in a lifetime opportunity to introduce a new 

generation to the wonders of our ocean world. The Blue 

Planet did an incredible job back in 2001, but with so many 

scientific discoveries in the oceans since then, along with 

advances in technology, we now possess a whole new 

understanding of life beneath the waves.

 

How is the series divided into episodes?

The introductory episode called ‘One Ocean’ is going 

to introduce the audience to the central premise of the 

series, which is that you’re going to see things you’ve 

never seen before. Through a series of new discoveries 

in the programme you’ll realise that everything within the 

ocean has a relationship with everything else. We’ll see that 

the oceans are all inter-connected and ultimately, we all 

connect to the oceans.

Then we follow with five habitat-based programmes, each 

giving the audience a distinctive experience. None more so 

than ‘The Deep’ – this is our sci-fi film. We’ve spent more 

time in subs on our first shoot than in the entire original Blue 

Planet episode. We are the first people to get a manned sub 

to the deep sea (1000m) in Antarctica.

Then in contrast there’s the ‘Coral Reefs’ film, full of 

fun, vibrancy and colour. It showcases the incredible 

concentration of life crammed into these overcrowded 

undersea cities.

We then journey offshore into the ‘Big Blue’, one of the 

largest habitats on the planet, filled with incredible stories 

of animals that go through exceptional feats of endurance 

to survive. In this vast marine desert we showcase a 

family of deep diving sperm whales, even taking a ride on 

a mother’s back, as she dives into the abyss.

We may think of our ocean’s as blue but there is another 

surprising world of the ‘Green Seas’. From towering 

undersea forests of giant kelp to vast prairies of sea grass, 

this is an almost Brothers Grimm fairy tale of all the strange 

and magical creatures that live within these secret worlds.

Here sea dragons lurk, bizarre giant cuttlefish breed, and 

an ingenious octopus outwits a forest full of sharks.

In the last of our habitat-based episodes we visit our 

Coasts. They may be our window to the oceans, where 

RIGHT: 
Mark Brownlow, 
Series Producer 
of Blue Planet II

Photograph 
by Alex Board 
copyright BBC 

NHU 2017
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we go for rest and relaxation, but the creatures that live 

here have to go through incredible hardships to survive in 

this divide between land and sea. From sea lions that drive 

massive tuna onto dry land to heroic puffins struggling to 

feed their young. This episode is going to be extraordinary 

because we’ve got so many new, incredible stories.

In each of the above habitat-based episodes, we try to 

give a snapshot of the context of the modern ocean.

But in our final episode, ‘Our Blue Planet – the Future’, we 

really get into the substance of the major issues impacting 

the world’s oceans today.

Is it hopeful or pessimistic?

Well there’s no two ways about it, there are big problems 

out there. There are scientific heroes (in my eyes) and 

dedicated experts who are trying to document it and find 

solutions.

What are the challenges of telling stories about the 

oceans compared to making natural history films on 

land?

Our challenge is to make people fall in love with less 

familiar animals and find personality in them. For 

instance, on the Great Barrier Reef we discovered that 

there is marine life like the tusk fish, octopus and coral 

grouper that are capable of behaviours so sophisticated, 

so smart, that scientists compare their behaviours to 

those of chimpanzees. Suddenly we’re realising there 

isn’t this vast difference between us and them.

What’s the relationship between scientist and film-

maker on a project like Blue Planet II?
In the past, with other terrestrial wildlife series, the 

camera crew may have followed the studies of a 

particular scientist. They would have followed a scientist 

to a given location, set their tripod down with a long 

lens and sat and filmed the subject from afar. However, 

because of the practicalities of underwater filming, the 

cost of boats and the complexity of launching these 

really ambitious shoots to the far-and-beyond, a lot of 

scientists simply just don’t have that access. So, on this 

series, there’s been this wonderful synergy where we’ve 

been able to work with the scientists and contribute to 

their science through our filming.

KEY STORIES FROM ACROSS HABITATS
ONE OCEAN
‘One Ocean’ takes us on a journey through the vastly 

varying ocean life from the tropics to the poles.

Giant Trevally
Written by Miles Barton, Sequence Director

A fish that launches itself, missile-like, to take birds from the 

air, sounded too extraordinary to be true. Despite it being 

a fisherman’s tale with no photographic evidence to back 

it up, I decided it was worth taking the greatest risk of my 

30 year career. So four of us set off to a remote atoll on the 

Seychelles with 800kg of kit, including a stabilised camera, 

to film the action from a boat. Despite seeing splashes 

all around us from the start, the attacks on low-flying 

terns happened so quickly and randomly, it was almost 

impossible for cameraman Ted Giffords to frame up on the 

action. The unpredictability and constant drifting of the boat 

meant a frustrating week for Ted. But our Seychellois guide, 

Peter King, knew his trevallies well. He suggested that we 

go back on shore to a remote beach where for a few days 

each month the tides brought the trevallies close to shore. 

Here we had a much better view of the fish as they stalked 

the birds from underwater. Peter could even predict the 

ones most likely to attack. So despite all the expensive 

hi-tech equipment, it was local knowledge that enabled 

us to turn the myth of a wild bird-eating fish into a reality.

THE DEEP 
‘The Deep’ takes us on a journey into the deepest parts 

of the ocean, dark and unknown.

Methane Volcano
Written by Orla Doherty, Producer

We set out to capture scenes at the extraordinary brine pool 

– an almost mythical lake at the bottom of the sea – and 

a death-trap to any unfortunate creature that strays into 

BELOW:
The fangtooth has the 
largest teeth relative to 
body size for any fish 
in the entire ocean. 
It also has pressure-
sensitive canals in 
its head and along its 
body, which help it to 
detect movement in 
the pitchblack world it 
lives in. As a result, it’s 
the most successful 
predator in the deep 
ocean’s Midnight Zone 
–a world the sun never 
reaches

Photograph by Espen 
Rekdal copyright BBC 
NHU 2017

A mud volcano in the Gulf of Mexico, where bubbles of 
methane erupt from the deep seafloor, dragging plumes 
of millennia-old sediment with them as they rise

Copyright BBC 2017
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its toxic waters. For several days, we had been capturing 

wonderful footage of the scene that lay below us at the brine 

pool. But in the spirit of exploration, we ventured further west 

in the Gulf, to a site described to me by Dr Samantha Joye, 

our expedition scientist and deep sea researcher as a ‘thin 

curtain of bubbles’. When we dived there the next day, we 

found nothing but a barren desert when we first touched 

down. Then suddenly, just ahead of us, something shot out 

from the seabed.

We watched it rise up into the water column – a huge 

bubble, the size of a basketball. As it ascended, a trail 

of sediment fell away from it, drifting back down. Then 

another bubble, and another. Suddenly, we were entirely 

surrounded by giant bubbles of methane, erupting from 

what had been an empty abyssal desert only minutes 

before. It felt as if we had voyaged to another planet and 

we nick-named the site ‘War of the Worlds’.

We returned to ‘War of the Worlds’ twice more during 

our expedition.

Both times, there was barely a puff coming from the 

methane volcano. We had been unbelievable lucky -the deep 

had given up one of its great secrets, but only the once.

CORAL REEFS
Coral reefs are the under-sea mega-cities home to a 

quarter of all marine species.

Grouper gesturing and hunting with octopus 
Written by Yoland Bosiger, Researcher

Coral grouper are some of the most common coral reef 

inhabitants and yet in the last ten years, research shows that 

Walrus mother and pup resting 
on iceberg, Svalbard, Arctic

Photograph by Rachel Butler 
copyright BBC NHU 2016

A bustling reef in Fiji. Tropical 
reefs are some of the busiest 

places in our ocean and shoals 
of Sea Goldie spend their days 
foraging in schools in the clear 

waters above patches of coral reef

Photograph by copyright Alex 
Mustard 2017
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their behaviour is so sophisticated that some aspects of 

their intelligence might rival that of chimpanzees. Groupers 

are mid water predators feeding on small coral reef fishes. 

They are fast in the open sea but too large to access prey 

in cracks and crevices. For this reason they seek out the 

assistance of a more manoeuvrable marine creature – a 

reef octopus. But what is truly amazing is that this is not 

simply a passive partnership – these animals communicate 

with each other. By assuming the headstand position and 

shaking their head from side to side above where a little 

fish is hiding, the grouper is able to tell the octopus where 

the prey is hidden. Gestures such as this are thought to 

only occur in the largest brained species and mean that fish 

are able to think flexibly to achieve their goals. Not only is 

this behaviour challenging our understanding of what a fish 

knows but it’s also making scientist rethink the definition of 

animal intelligence.

BIG BLUE 
The big blue is a marine desert far from shore and 

kilometres deep, home to spectacular marine creatures.

Lanternfish & mobula rays
Written by Sarah Conner, Assistant Producer

Lanternfish are part of a mass daily migration of animals 

that live in the deep sea in the daytime but rise at night 

into the warmer shallow waters in the open ocean to feed. 

However, these lanternfish are thought to also stay at the 

surface at certain times of the year into daytime to spawn. 

As predators attack the lanternfish, it can turn the sea white 

making it look like the sea is boiling.

The team had tried and failed to film this in the Coral Sea, 

off Australia in December 2014.

So when, 18 months later, the team heard of sightings 

of a ‘boiling sea’ from the other side of the Pacific Ocean, 

off Costa Rica, they reacted quickly. Series Producer, Mark 

Brownlow developed a plan - they would to look for the 

predator of the lanternfish, which off Costa Rica wasn’t 

just yellowfin tuna but the larger spinner dolphins. Mark 

worked from a research vessel stationed 20 miles off-

shore, as a base for searching and filming by helicopter. 

Being able to cover vast distances allowed Mark to find 

the dolphins and with perseverance manage to film the 

boiling sea of lanternfish being feasted on by tuna from the 

air. Underwater cameraman, Roger Munns also managed 

to capture the action underwater to create the dramatic 

sequence of spinner dolphins and tuna as they hone in on 

the lanternfish in the Big Blue.

The surprise was that mobula rays also joined the feeding 

frenzy. Previously it was thought these rays only ate by 

filter-feeding plankton. There had been a couple of scientific 

papers published that showed small fish in the stomachs of 

dead mobula rays but science had assumed the fish were 

eaten by accident until the Blue Planet II footage was shared 

with Josh Stewart from the Manta Trust & Scripps Research 

Institute. Upon analysis of the Blue Planet II footage, Josh 

felt confident that it proved for the first time that the mobula 

rays were deliberately and actively hunting the lanternfish.

ABOVE:
The whale shark visiting 
the remote Galapagos 
Islands. The Whale 
Shark is largest living 
fish in the ocean, but 
using tiny teeth and 
filter pads eats some of 
the smallest creatures 
in the sea, plankton. 
For many years it 
was unknown why 
Whale Sharks came to 
Galapagos as unusually 
most were large adult 
females and appeared 
to be pregnant

Photograph by Simon 
Pierce copyright BBC 
NHU 2017
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GREEN SEAS
In our green seas, sunlight powers kelp forests, 

mangroves, and prairies of sea grass.

Cuttlefish Spawning Aggregation
Written by Yoland Bosiger, Series Researcher

Every winter over a hundred thousand giant cuttlefish 

aggregate to spawn along a restricted area of rocky reef in 

northern Spencer Gulf, South Australia. These cuttlefish are 

the largest cuttlefish species in the world reaching 10 kg 

in weight. It is also the only known spawning aggregation 

of cuttlefish in the world and males can number eleven to 

one in the aggregation. This huge bias is thought to have 

produced an array of different behavioural strategies to 

win the females affections. Large males use size and brute 

force to fight off rival males while smaller individuals use a 

sneaker strategy to try to slip unnoticed past a larger male 

to get to a female. Some smaller males even mimic females 

to deceive the larger males. New science, since The Blue 

Planet reveals that unbeknownst to the larger males who 

are battling amongst each other to gain access to a female, 

it is in fact the wily female who decides who to ultimately 

mate with. By flashing a white stripe along her flank she 

can tell an unappealing male that she is not receptive and 

be left alone while switching it off if a more attractive suitor 

approaches. As there were so many cuttlefish and so many 

different behavioural strategies playing out, it took the 

filming team a couple of days to be able to get their eye in 

for this white stripe behaviour.

It was only when the cameraman Hugh Miller decided 

to swim over the top of the cuttlefish rather than staying at 

their eye level that the stripe became readily apparent. Hugh 

was then able to capture a female displaying a white stripe 

to her larger cuttlefish protector whilst showing no stripe to 

a male mimic.

The female then mated with the mimic right under the 

giant male’s nose! Blue Planet II has filmed the white stripe 

behaviour professionally for the first time.

Sunlight breaks through 
the kelp forest canop. 

Macrocystis, also 
known as giant kelp, is 

found all along the west 
coast of North America. 

It has a phenomenal 
growth rate, fueled 

by the sun and fed by 
nutrient rich upwellings

Photograph by Joe 
Platko copyright BBC 

NHU 2017

Humpback whales, feeding communally off the coast of 
Monterey. A vast deep canyon at the head of the bay is the 
source of great upwellings which feed tonnes of seasonal 

phytoplankton, macroplankton and shoaling fish and this in 
turn draws in the ocean giants

Photograph by Joe Platko copyright BBC NHU 2017
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COASTS
The coast is where two worlds collide. ‘Coasts’ is the story 

of how marine wildlife survives in an ever changing world.

Pacific Blenny Making Of
Written by Miles Barton, Producer

How do you film a 3-inch long creature just above the 

tideline as waves break along the rocky shore? This was the 

task I gave cameraman Rod Clarke on the Pacific island of 

Guam. It’s home to the pacific leaping blenny, which spends 

most of its life in the splash zone playing chicken with the 

waves. Rod’s first comment to me was “You never said 

they were that small!” as we peered at the rocks trying to 

find these tiny, camouflaged fish. As every wave arrives the 

blennies leap away from the water by flicking their powerful 

tails. To film this behaviour in extreme slow motion Rod had 

to immerse himself for hours on end in the sea, perched on 

a small stool, with myself periodically shouting a warning to 

save the camera when an extra big wave arrived. Then we 

could move on to film a more intimate part of their lives that 

has never been filmed before. We found one particular male 

– our star. He had a nice nest hole a metre above low water 

ABOVE:
Ochre starfish are 
the main predators 
of limpets in 
rockpools. But the 
limpets are known 
to fight back

Photograph by 
Paul Williams 
copyright BBC NHU 
2017

RIGHT:
An Atlantic puffin 
with a beakful of 
food for its chick. 
Hornoya Island,
Norway

Photograph by 
Miles Barton 
copyright BBC NHU 
2017
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mark from which he emerged to graze the algae on the 

damp rocks. While grazing he was a drab green/brown but 

as soon as a female appeared he would become jet black 

and bob and wriggle while flashing his orange dorsal fin. 

This spectacular dance seemed to work as he was visited 

by several females who laid their eggs in his nest during the 

days that we sat in the waves filming him.

OUR BLUE PLANET
In ‘Our Blue Planet’, Sir David Attenborough examines 

human impact on the ocean.

Norway Orcas - A story of hope
Written by Will Rigeon, Producer

Our ever-increasing appetite for fish has led to many of the 

world’s fisheries being overfished. Almost a third are now at 

risk of collapse. But is it possible to satisfy our demand for 

fish, without emptying the oceans?

Overfishing in Norway in the 1950s led to collapse of the 

Norwegian spring spawning herring stocks, and by the late 

1960s the herring were considered commercially extinct.

A moratorium in the early 70’s, followed by strict 

regulation and better management of fisheries, has led 

to a spectacular recovery. Numbers began to increase in 

the 1980s and today, over a billion herring pour into the 

fjords of Norway every year to overwinter, before spawning 

in the spring. This is now a vitally important fishery again 

and one of the greatest natural spectacles in our ocean – 

attracting hundreds of humpback whales and one of the 

largest gatherings of orcas on the planet. An inspiring story, 

demonstrating that some fisheries can be managed in a 

sustainable way. 

A superpod of sperm whales gathering of the coast of Sri Lanka. 
Sperm whales are large, intelligent and sociable whales found 

around the world. Their numbers plummeted due to commercial 
whaling, but off Sri Lanka a rare sight of a superpod can be seen in 

spring perhaps showing us how the oceans used to look

Photograph by Tony Wu copyright BBC NHU 2017

SIMULCAST FROM THE UK, PREMIERES 30 OCTOBER, 
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IS KING ARTHUR 
A HISTORICAL 

FIGURE?  
DID HE FIGHT  

ROMAN TROOPS  
IN FRANCE – OR  
ANGLO-SAXON  
INVADERS IN 

BRITAIN?  
AND WHERE  

IS CAMELOT?
As a new film on King Arthur released 

earlier this year, Nick Higham answers some 
of the most pressing questions on the iconic 

warrior-king 
OPPOSITE PAGE (CLOCKWISE FROM TOP LEFT): Arthur depicted in  

a 12th-century floor mosaic in Otranto, Italy; Arthur leads his troops into battle in a manuscript 
miniature from c1150; a c14th-century illustration shows the king and his knights seated at a 

round table; Arthur on his throne in Matthew Paris’s c1250–52 Flores Historiarum 

The Big QuestionsKing Arthur

Scan this QR Code for
the audio reader
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s it possible to say with any certainty 
whether or not a historical Arthur 
existed? 

There is no shortage of modern books 

claiming to reveal the ‘real’ Arthur. They place 

him in locations and historical periods as 

wide-ranging as pre-classical Greece and 

Roman Dalmatia to ‘Dark Age’ Britain.  

British Arthurs remain the most popular but 

they are far from mutually compatible –  

identified with regions as far-flung as Cornwall 

and Argyle. In fact, there are so many of them 

that they tend to cancel each other out. 

Academic specialists often argue that 

Arthur was purely a figure of mythology, or 

they suggest that, while he may have 

existed, we’re not in a position to say 

anything more about him. Such fence-

sitting overlooks the fact that it is the 

responsibility of those coming up with 

theories to prove them, not of others to 

disprove them. Until there is a broadly 

accepted theory on offer that sits 

comfortably with the evidence, we should 

be sceptical of an Arthur doing any of the 

many things attributed to him. 

What are the earliest sources we have for King 
Arthur, and how is he described in them? 

Potentially the earliest material to name 

Arthur is Y Gododdin, a collection of Old 

Welsh verses in the Book of Aneirin. Arthur 

appears in a verse honouring a British hero, 

Gorddur, about whom it’s written, “though 

he was not Arthur”. The Book of Aneirin was 

written in the second half of the 13th 

century but the reference to Arthur is in the 

least ‘modernised’ passages, copied 

perhaps from a text dating to c800–1000. 

It’s not clear what kind of figure the 

Y Gododdin had in mind when it referred to 

Arthur – was he a man or a demi-god? – but 

this poetry comes from the British Old North 

and is based loosely on sixth-century 

events. It is not impossible that this referred 

to Artúr, a Scottish prince who died fighting 

the Miathi (a people around Stirling) in c596. 

Arthur is better known, though, from the 

History of the Britons (Historia Brittonum), 

written in 829/30 in Gwynedd. Chapter 56 

portrays Arthur as a British dux bellorum 

(‘general of battles’), listing 12 ‘God-given’ 

victories over the Saxons, which close with 

the battle on the “mountain of Badon”, where 

he single-handedly kills 960 of the enemy. 

The History of the Britons was written 12 

generations after the time in which the 

deeds were set, so it’s essential that we 

explore what sources underlie it. It’s been 

argued that the list of victories was 

extracted from a battle-catalogue poem of a 

type linked with other early Welsh leaders. 

But this doesn’t seem particularly plausible 

to me. Many of the 12 battles in the History 

of the Britons are associated with other 

leaders and appear to have been lifted from 

earlier works. This implies that the list was 

made up by the author. 

Finally, there’s the Welsh Annals (Annales 

Cambriae), a 10th-century chronicle written 

at St Davids, which has two entries for 

Arthur. One reference – for his c516 victory 

at Badon – probably derives from the 

History of the Britons. But the entry for c537 

introduces new material (“The battle of 

Camlann in which Arthur and Medraut 

fell…”) so presumably came from a different 

source. Given that the Welsh Annals are 16 

generations removed from events, there 

seems little reason to think the dates bear 

much historical weight.

There seems to be a paucity of sources for 
Arthur in the centuries after he is said to have 
lived. Why is this? 

Assuming that we place him around AD 

500, one explanation is that there is little 

material of any sort written in Wales that 

survives from this period. That many works 

have been lost is obvious. The majority of 

surviving texts are short inscriptions on 

stone, none of which name Arthur. 

We are aware of narratives written by only 

two British writers of the period – Patrick 

and Gildas. Patrick’s interests centred on 

his mission to Ireland and he was probably 

earlier than the conventional dating of 

Arthur. Gildas wrote a ‘historical’ 

introduction to his sermon urging the 

Britons to return to the Lord and put aside 

their evil ways. This includes a brief account 

of the British/Saxon war up to the “siege of 

Badon mountain”, in the year of his own 

birth. The History of the Britons described 

the battle of Badon as Arthur’s finest victory 

but, in Gildas’s account, Ambrosius 

Aurelianus was apparently the British 

leader, not Arthur 

There is, of course, another explanation  

for why Arthur is all but invisible in 

contemporary sources – and that’s because 

he was not a real person doing important 

things at this time.

Which figures are most often put forward as 
the historical inspiration for King Arthur? How 
persuasive are these claims? 

The earliest historical figure to be identified 

as the ‘original’ Arthur is Lucius Artorius 

Castus, whose career is set out in two 

inscriptions from Roman Dalmatia,  

discovered at Podstrana in modern-day 

Croatia. Since the 1920s there have been 

various attempts to portray him as the 

individual around whom the Arthurian 

legend developed. 

More recently, it’s been suggested that 

Castus led a group of Sarmatian warriors 

moved to Britain by the Roman emperor 

Marcus Aurelius in AD 175, then 

commanded them in a war against the 

Caledonians. But he served only as 

third-in-command of the legion at York, so 

is unlikely to have had experience of 

leadership in war in Britain. 

Those wishing to establish a link between 

Castus and Arthur have interpreted the 

longer inscription to suggest that Castus led 

‘British’ troops to Armorica (ie Brittany) – 

which is later reflected in the 12th-century 

writer Geoffrey of Monmouth’s depiction of 

King Arthur leading his armies into Gaul to 

fight the Romans. However, the better 

reading of this inscription has “Armenia”, 

not “Armorica”, suggesting that he led 

‘British’ troops to war in the east.

Another figure sometimes identified with 

Arthur is the British king Riothamus, who 

was defeated by the Goths near Bourge, 

central France in c470. Riothamus means 

‘most-kingly’, which led the 20th-century 

historian Geoffrey Ashe to suggest that this 

The search for Arthur 
is compromised by 
the lack of surviving 
sources from ‘Dark 
Age’ Wales

A stone replica of Excalibur at Podstrana, 
Croatia, home to two inscriptions on the life of 

the Roman soldier Lucius Artorius Castus

I
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was a title, rather than a name – and that 

Riothamus’s true name was Arthur. 

Conversely, it has been suggested that 

‘Arthur’ is a title, and that the ‘real’ name of 

this elusive man was Owain Ddantgwyn, an 

obscure figure known only from a late  

Welsh genealogy. Another theory is that 

Arthur should be identified as Arthwys  

ap Mar, a name that occurs in the later 

medieval ‘lineages of the saints’. While 

each theory has committed supporters, 

none stand up to close examination.

What does the name ‘Arthur’ tell us about his 
possible origins? 

It allows three possible sources. There is  

the Old Welsh ‘Arth-’ and Old Irish ‘Art-’ 

meaning ‘bear’, and so perhaps suggesting a 

Celtic origin. But Old Welsh ‘Bear-man’ gives 

us ‘Arthwr’, not the ‘Arthur’ that we find in all 

the early texts, so this appears unlikely. 

Could ‘Arthur’ be derived from the Greek 

name Arktouros? It’s possible. However, this 

was known in the west only as a star-name 

(Arcturus is the brightest star in the northern 

night sky), never as a personal name. 

A stronger case can be made for the 

Roman family name Artorius, which was 

used from the late Republic through to at 

least the third century AD, and shows up on 

inscriptions in various western provinces 

– though in neither Gaul nor Britain. The 

shift from Artorius to Arthur fits sound 

changes in Brittonic/Old Welsh that we 

know were occurring in the late Roman and 

sub-Roman periods. There were several 

figures called Arthur or Artúr (the Irish 

equivalent) from the late sixth century 

onwards, one of whom may have been the 

source of the name used in the History of 

the Britons.

Much of the Arthurian legend comes from later 
medieval writers. Why did he become such a 
celebrated figure at this time? 

The architect of Arthur’s fame was Geoffrey 

of Monmouth, whose History of the Kings of 

Britain, written in Latin in the 1130s, built on 

the vision of history offered by the ninth-

century History of the Britons. The new 

work proved immensely popular and was 

translated/adapted into French by Wace in 

c1150 and English by Layamon in c1200–

20. The legend provided an ideal space in 

which to explore such contemporary issues 

as the source, nature and obligations of 

royal authority, chivalry and knighthood, 

and Christian behaviours appropriate to the 

lay aristocracy. 

We find Arthurian storytelling in virtually 

every language spoken in medieval Europe 

but its focus was French, which was the most 

important language of the period and the one 

most closely connected with the crusades 

and knightly activity more generally. By the 

13th century, his stories were increasingly 

imbued with Christian meaning, and no longer 

a narrative account of his supposed reign.

 

How much of the medieval Arthur might be 
based on earlier sources, as opposed to pure 
literary invention? 

There have been numerous attempts to  

see ancient origins in various aspects of  

the medieval Arthur, including the sword  

in the stone, the grail, and the sword in the 

lake. But for any of these to be convincing 

there has to be a credible line of descent  

from the earlier occurrence to its arrival in 

French literature around 1200. Take the claim 

that the medieval sword in the stone and grail 

stories derive from Scythian (nomadic people 

from central Asia) practices, which were 

documented in the works of Herodotus in the 

fifth century BC. This requires a complex 

explanation as to how they were carried to 

western Europe in the Roman period and 

remained embedded there until reappearing 

almost a millennium later in France. 

In both instances it seems likelier that the 

medieval stories had more recent origins. 

The grail arguably derives from depictions 

of St Mary bearing a dish from which the 

Holy Ghost rose as flame, an image later 

combined with the cup of the last supper. 

The ‘sword in the stone’ may have 

originated in a miracle that was associated 

with St Galgano in late 12th-century Italy.  

How does the Arthur legend add to our 
understanding of ‘Dark Age’ Britain? 

The Arthur legend is unlikely to tell us anything 

much about the British ‘Dark Ages’, unless 

and until we are reasonably sure that we can 

identify him as a historic figure. That time 

seems a long way off, and may never come.

And what does it tell us about the medieval 
period when much of it was written?
The Arthurian legend sheds a lot of light on 

the later periods in which the story was 

written and rewritten. For example, it 

provides an important reservoir of the 

medieval languages in which it was set 

down. It also illustrates ways in which ideas 

were changing. In the mid-12th century we 

experience Arthur as a king and 

commander but, by the final decades of the 

century, the spotlight had fallen on his 

court. For example, writers like Chrétien de 

Troyes focussed on secondary figures such 

as Perceval, Gawain and Lancelot and 

debated issues like attitudes towards 

women, the role and responsibilities of high 

A depiction of Layamon, who translated Wace’s French 
version of Geoffrey of Monmouth’s history into English

Cadbury Castle in Somerset, one of – but far from the only 
– reputed location of King Arthur’s court, Camelot
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birth, the foundations of knightly esteem, 

lay education and training for knighthood. 

The grail stories linked Arthur to the  

last supper and the crucifixion. Such  

stories illustrate contemporary concerns 

regarding conduct appropriate to elite 

Christian society.     

Aside from Arthur himself, which parts of the 
legend might be drawn from historical events 
and figures? 

Many Arthurian characters are likely to have 

had a literary life before they were sucked 

into Arthur’s world, and a few may have 

been real people. King Mark of Cornwall 

(the uncle of Tristan and husband of Iseult) 

bears an obviously Roman name (Marcus), 

which occurs on sub-Roman inscriptions. 

Tristan may derive from Drustan, a name 

known from a ‘Dark Age’ inscription near 

Fowey in Cornwall but equally perhaps 

from legendary Pictish material (as Drust or 

Drest). That Chrétien de Troyes claimed to 

be telling his own version of the story 

suggests that it was circulating in France in 

the 12th century, perhaps told by Breton 

raconteurs. 

The knight Sir Kay (also Cei, Cai) may 

come from Gaius, a common Roman 

forename (his is one of the earliest names 

associated with Arthur in Welsh stories). 

Culhwch – the central character of a 

medieval Welsh Arthurian prose narrative, 

who courts Olwen, a giant’s daughter – 

probably draws on other categories of 

folktales, not Arthurian storytelling. Whether 

or not real people underlay these literary 

characters is, though, far from clear. 

Where might Camelot have been based? 
Camelot first appears in Chrétien de Troyes’ 

late 12th-century French romance Lancelot or 

the Knight in the Cart. Given that this story 

was very much his creation, the name is likely 

to have been made up, presumably based on 

Geoffrey of Monmouth’s ‘Camblan’ or Wace’s 

‘Camble’, with ‘-lot’ added to fit the rhyme 

(meaning ‘share’, ‘fate’). There have however 

been numerous attempts to identify Camelot. 

Winchester was a candidate in the later 

Middle Ages, then South Cadbury Hillfort in 

the reign of Henry VIII, based presumably on 

nearby names such as the river Cam. 

Colchester in Essex and the Roman fort at 

Slack near Huddersfield have also been put 

forward as possible Camelots, because they 

were called Camulodunum (literally ‘fortress 

of the god Camul’) in Roman Britain. 

Before taking any of these too seriously, 

we surely have to show that there is a good 

chance that Chrétien had drawn the name 

from a reliable and near-contemporary 

source. That seems highly unlikely.

What are your favourite modern depictions of 
King Arthur? 

I enjoy discovering what each director 

makes of the story in film depictions, what 

aspects he/she chooses to prioritise, and 

what messages there are for a 

contemporary audience. 

As for my favourite recent depictions, Jerry 

Bruckheimer’s King Arthur (2004) was 

entertaining, though hardly “the untold true 

story that inspired the legend”! The greatest 

‘Arthur’ films, though, have to be Disney’s 

Sword in the Stone and Monty Python and the 

Holy Grail, which still makes me laugh. 

Lancelot proves his love for Guinevere by crossing a river bridged by a sharp sword, in a 14th-century French vellum.  
By the end of the Middle Ages, King Arthur’s tale had left its mark on several European languages

Later depictions of 
Arthur focussed on 
attitudes towards 
women and the 
responsibilities of 
high birth

Charlie Hunnam plays King Arthur in the mythical 
warrior’s latest appearance on the silver screen, 

directed by Guy Ritchie

Nick Higham is emeritus professor in early medieval 

and landscape history at the University of Manchester. 

His books include King Arthur (Stroud, 2015)
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WHAT’S  
THE BEST DIET  

FOR THE PLANET?
The neverending deluge of information about our food choices  

can be baffling. So should we all become vegan, or can we really 
have our steak and eat it? 

iet can be a contentious issue, subject to 

the forces of personal ethics, religious 

beliefs and health concerns. But when it 

comes to the environment, for many people it’s an 

open-and-shut case. “The evidence is all there, 

you just need to look for it,” my vegan friend told 

me recently, with the kind of sanctimonious air that 

puts some people off veganism altogether.

The thing is, although I’m not a vegan myself,  

I suspect he’s probably right. While I’m quite sure 

this is not the stated aim of most vegans, abstaining 

from animal products does seem to give you the 

moral high ground in the environmental stakes. I’ve 

watched Cowspiracy, I know the deal. At the same 

time, I’ll admit to being a little put off by how 

self-assured some people seem in their dietary 

choices. Seldom does all the evidence point in one 

direction, and when considering something as 

multifaceted as the global food system, perhaps it’s 

unwise to generalise. 

In recent years, scientists and the public have 

become increasingly aware that the food we eat 

can have negative impacts on the planet. With this 

in mind, it’s worth asking – whichever side of the 

fence you’re on – whether the evidence really is ‘all 

there’, and whether there exists a diet that is 

objectively best for the environment.

This is not a straightforward issue. According to 

figures from the Consultative Group on 

International Agricultural Research (CGIAR), 

one-third of our greenhouse gas emissions come 

from agriculture. But that’s just one factor. Our 

food system is also the leading cause of 

deforestation, land use change and biodiversity 

loss in the world. Then there’s overfishing, 

pollution, groundwater depletion, excessive 

fertiliser use and pesticides to contend with as 

well. With all these issues to consider, a 

‘sustainable’ diet might mean different things 

depending on who you talk to. However, certain 

trends cut through the noise – most notably, an 

emphasis on more plant-based diets. 

The idea that vegetarianism is good for the 

planet is relatively new. Back in 1971, a visionary 

D
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book by Frances Moore Lappé entitled Diet For A 

Small Planet suggested that world hunger could 

be remediated if less emphasis was placed on 

meat in Western diets. Her recipes for spinach 

lasagne and soy burgers caused a stir at the time, 

but skip forward 46 years and official guidelines 

everywhere from the Netherlands to the US 

emphasise lower meat consumption for a healthy 

body and a healthy planet. Vegetarianism has 

gone mainstream. In a report from the US-based 

2015 Dietary Guidelines Advisory Committee, the 

authors concluded: “Consistent evidence 

indicates that, in general, a dietary pattern that is 

higher in plant-based foods … and lower in 

animal-based foods is more 

health promoting and is 

associated with lesser 

environmental impact than is 

the current average US diet.” 

These are not empty words. 

Study after study has 

demonstrated the beneficial 

effects of a plant-based diet for 

the environment. A paper 

published last year in 

Proceedings Of The National 

Academy Of Sciences 

concluded that a mass switch 

to vegetarianism would bring 

down food-related greenhouse 

gas emissions by a whopping 

63 per cent, while even just sticking to global 

health guidelines regarding meat consumption (so 

laying off the burgers a bit) would be enough to 

reduce emissions by 29 per cent. 

As for veganism, it does seem to be edging ahead 

in the planet-saving stakes. Many of the issues that 

arise from farming livestock for meat – methane 

emissions from animal digestion, pollution from 

farms, energy-intensive feeds – also apply to the 

dairy and egg industries. If widespread veganism 

was enacted, that 63 per cent reduction in emissions 

shoots up to 70 per cent. 

IN DEFENCE OF CARNIVORES
These seem like hard figures to ignore, and yet 

ignored they are by the vast majority of people. 

While plant-based diets have now been normalised 

in a way that was probably unimaginable in Lappé’s 

day, practising vegetarians and vegans are still 

relatively thin on the ground. It’s thought only 2 per 

cent of the UK population is vegetarian, and less 

than 1 per cent is vegan. 

But stop the press! Maybe cutting out animal 

products entirely, or even nearly entirely, isn’t 

necessarily the way to go. There have been 

studies published in reputable journals which 

suggest that vegetables may not be our sole 

salvation. Back in 2015, a particular paper caused 

a media firestorm when its lead author, Prof Paul 

Fischbeck of Carnegie Mellon University, made 

the declaration that “eating lettuce is over three 

times worse in greenhouse gas emissions than 

eating bacon”. “LETTUCE WORSE THAN 

BACON” screamed the headlines, as 

commentators smugly observed that 

“While plant-
based diets 

have now been 
normalised, 

vegetarians and 
vegans are still 

relatively thin 
on the ground”
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vegetarianism isn’t all it’s cracked up to be. 

Other research has suggested that at least some 

degree of carnivory could be beneficial. A recent 

analysis of 10 distinct diets, each with a different 

ratio of meat and animal products, saw veganism 

relegated to fifth position when it came to 

maximising sustainable land use, below different 

degrees of vegetarianism and omnivory. This comes 

as a blow to vegans who tend to assume, 

understandably, that due to the well-documented 

problems with livestock farming, their diet plan 

automatically places them in the top spot.

THE DEVIL IN THE DETAIL
How can researchers come to such different 

ABOVE: Shelves 
groan with food  
at a Tesco 
distribution plant 
in Reading, UK

RIGHT: Modern 
Western diets  
still contain too 
much meat  
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conclusions? Well, the short answer is because 

they’re trying to answer a complicated question. 

To work out the best diet for the planet, scientists 

tally up the environmental costs of the production, 

transportation and marketing of foods, and then 

compare the options. Yet there are many such 

costs involved, and therefore many potential 

metrics. Some researchers completely ignore 

certain aspects, such as the amount of food that is 

wasted, while others place more emphasis on 

aspects that they deem to be most relevant.

For example, there is no question that red meat 

produces far more emissions than vegetable protein 

sources like lentils and beans – around 13 times 

more, in fact. But if you’re focusing on land use, then 

cows and sheep start to make a lot of sense. 

Livestock, and food for livestock, can be farmed on 

land that’s unsuitable for human crops, so if that land 

can be put to good use it will improve the efficiency 

of food production in a given area.  

As for the idea that lettuce is worse for the 

environment than bacon, the researchers had 

opted to analyse emissions on a per calorie basis. 

This seems an unfair comparison. After all, no one 

is suggesting that vegetarians replace two rashers 

of bacon at breakfast with the 3.3kg of lettuce it 

would take to match them, calorie-wise. But what 

Fischbeck and his colleagues wanted to 

emphasise was the need to consider foods on 

their individual merit, rather than assuming that 

just because you have chosen diet A or diet B, you 

are automatically saving the world.

VARIETY IS THE SPICE OF LIFE
This is a good point. There is an awful lot of variety 

in green credentials, even within food groups. Beef 

BELOW: 
Recently, 

‘dumpster 
divers’ have 

put food 
waste  in the 
spotlight  by 

salvaging 
edible food 
from skips

LEGUMES
Compared to other protein 

sources, legumes – 

beans, peas and lentils – 

require little water or 

fertiliser, and their carbon 

footprint is low. These 

plants even ‘fix’ nitrogen 

from the atmosphere into 

the soil, converting it into 

ammonia that other plants 

need to grow.

TILAPIA
These freshwater fish can 

be grown in closed tank 

systems, avoiding the water 

pollution usually associated 

with fish farms. As they are 

not carnivores like many 

commercial fish species, 

they don’t need to be fed 

fishmeal, which means 

their diet doesn’t deplete 

wild fish stocks.

SOFT CHEESE
Cheese generates the most 

greenhouse gases after red 

meat, which is  something 

that non-vegan vegetarians 

ought to bear in mind. 

However, if you must eat it, 

opt for the softer varieties 

as they contain less milk, 

and tend to require less 

energy during the 

production phase.

LOCAL, SEASONAL 
FRUIT AND 
VEGETABLES
Yes it can be somewhat 

limiting, but around 10 per 

cent of any food item’s 

greenhouse gas emissions 

comes from its ‘food miles’. 

You can limit those emissions 

if you buy produce that was 

grown across the street, not 

across the ocean.

MUSSELS
These shellfish can be grown 

on ropes, causing minimal 

damage to the marine 

ecosystem. But they can also 

absorb carbon from the 

environment to grow their 

shells. What’s more, being 

filter feeders they require no 

feed input whatsoever. 

They’re full of fatty acids and 

vitamins too.

5 THINGS TO EAT MORE OF:

S AV ING T H E WOR L D,  ON E B I T E  AT A  T IME
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and lamb produce far more emissions than pork, 

which in turn produces more than chicken. As for 

fish, the variation in impact is enormous, so 

diverse are the means by which different species 

are caught or farmed and the levels of threat they 

are all under in different parts of the world.

Fruits and vegetables are even more 

complicated. Robust produce that can be grown 

in fields, such as cabbage and potatoes, result in 

relatively low greenhouse gas production, but if a 

plant requires intense refrigeration, or has to be 

grown in a hot house, alarm bells begin to ring. 

Similarly, vegetables which must be flown great 

distances before they arrive on your plate come 

with a sizeable emissions price tag. That’s before 

you even consider the huge quantities of water 

needed to grow citrus fruits, or the pesticides that 

are pumped into banana plantations. Greenhouse 

gases, though the most widely used measure of 

impact, only tell one side of a far more 

complicated story, and those who opt for more 

plant-based diets must be wary of replacing the 

animal parts of their diet with plants that cause 

harm in other ways.

The fact is, whichever label you choose to define 

yourself – vegan, vegetarian, pescetarian or 

omnivore – there’s no room for complacency. 

Ultimately, the choices you make about your food 

are just as important as the diet tribe you belong to.  

FUTURE FARMING
Another layer of complexity is the 

variety of farming strategies in use. 

Rather than demonising meat, 

some argue, policies could ensure 

that livestock farming is more 

efficient and produces fewer 

greenhouse gases. This may 

sound a little too good to be true, 

but scientists have suggested that 

by simply supplementing the 

grazing diets of cattle and sheep 

with higher quality feeds, 

emissions from livestock farming 

could be reduced by nearly a 

quarter in the next two decades.  

So relatively simple changes can make a 

difference, but when considering the scale of our 

food system’s impact on the planet, something 

bigger might be necessary. Industrial agriculture 

has been our go-to system for some time, but the 

overuse of powerful chemical pesticides and 

fertilisers is resulting in degraded ecosystems that 

are ultimately unsustainable. 

The solution to this could be agroecology, which 

operates under the mantra of ‘working with nature, 

rather than against it’, restoring biodiversity and 

ecosystem functions in order to ensure productivity. 

These principles are already being put into action. As 

 “ Ultimately, 
the choices 

you make 
about your 

food are just as 
important as 
the diet tribe 

you belong to”
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SUGAR
The huge quantities  

of sugar produced around the 

world have a significant 

environmental impact. Sugar 

cane is one of the world’s 

thirstiest crops, and the 

conversion of sensitive 

habitats like Vietnam’s 

Mekong Delta into sugar 

monoculture has seriously 

harmed biodiversity.

TUNA
It’s possible to purchase 

‘ethical’ tuna, but it’s difficult 

to navigate the various species 

and fishing methods in order 

to ensure it is sustainably 

sourced. Skipjack is good, 

bluefin is bad. Pole-and-line is 

good, long line is bad. Your 

best bet is probably to stick to 

safer options if you fancy 

some fish.

AVOCADOS
Since avocados have 

become synonymous with a 

hip, healthy lifestyle, it’s 

easy to forget that they are 

no friend to the planet. It 

takes around 272 litres of 

water to produce two or 

three avocados,  

and many of them are being 

grown in the drought-

stricken farms of California.

SOY
Linked with everything from 

groundwater contamination 

to deforestation of the 

Amazon rainforest, soy is 

high up in the rankings of 

worst foods for the 

environment. But it’s not the 

vegan munching on a soy 

burger who should feel bad 

– around 75 per cent of all 

soy is fed to livestock.

BEEF
While there are issues with 

farmed meat in general, 

beef is in a league of its 

own. One study estimated 

that beef requires 28 times 

as much land as the same 

amount of poultry and 

pork, as well as 11 times 

as much water and it 

produces five times as 

much greenhouse gases. 

5 THINGS TO EAT LESS OF:
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it stands, rice accounts for up to a third of our annual 

water use, but a low-water agroecological method 

known as System of Rice Intensification (SRI) is 

increasingly being used to produce rice yields up to 

50 per cent larger. Water is only applied to the rice 

when needed, compost is used instead of chemical 

fertilisers, and farmers weed by hand, instead of 

using herbicides. Using this method, Sumant Kumar, 

a farmer from the Indian state of Tamil Nadu, has 

smashed the previous annual rice-growing record by 

an astonishing three tonnes. Whether it involves rice, 

pigs, fish or apples, agroecology is about 

dismantling the current system and placing power 

into the hands of small-scale producers and family 

farms. If this is starting to sound a bit too 

‘eco-warrior’ for your taste, it’s worth noting that 

even the UN is behind this trend. “Modern 

agriculture, which began in the 1950s, is more 

resource intensive, very fossil fuel dependent, 

using fertilisers, and based on massive production. 

This policy has to change,” declared UN 

representative Prof Hilal Elver back in 2014, 

explaining that it is agroecology that holds the key 

to a sustainable future.

INCONVENIENT TRUTHS
A truly environmentally friendly diet relies on major 

systemic changes, but individual diets also need 

to change. The variety of data on offer can give the 

impression of flip-flopping within the scientific 

community, but it’s more indicative of the sheer 

complexity of the subject – not to mention the 

competing interests of stakeholders in the food 

industry. In fact, certain trends are clear.

Headlines about the evils of lettuce and veganism 

“A truly environmentally 
friendly diet relies on 
major systemic changes, 
but individual diets also 
need to change”

BELOW: 
Agroecology 
involves working  
with nature and 
putting control 
back in the hands 
of small-scale 
farmers
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RIGHT: Red 
meats, like beef 
and lamb, have a 
greater impact on 
the planet than 
chicken

BELOW: People 
who follow 
vegetarian diets 
should still be 
aware of how 
their favourite 
foods affect the 
planet

saving the world may seem misleading, but it would 

be disingenuous to pretend that farming animals 

isn’t a problem. People in the West are eating too 

much meat, and as countries like China and India 

become wealthier, their demand for it is increasing. 

Dr Rajendra Pachauri, ex-chairman of the UN’s 

Intergovernmental Panel on Climate Change called 

for one meat-free day a week as a way of personally 

making a difference, and this seems like a good 

place to start. Other sensible suggestions include 

choosing fish from sustainable or certified stocks, 

buying vegetables that store well, and avoiding 

food waste. The kind of mass switch to veganism 

envisaged by some studies is probably unrealistic, 

but relatively small changes in the way we eat can 

produce sizeable effects. We should be at a stage 

where suggestions like Pachauri’s are not 

controversial, because while we may not have all 

the information, we certainly have enough to make 

a difference. 
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Josh Gabbatiss is a science writer based in London
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During a rainy night there's the sound of hundreds 
of male atrato glass frogs calling from vegetation 
around a river as they attempt to attract a mate. 

Eggs are deposited by females on plants in clutches 
of up to 35. Males, measuring 23mm, will guard 

their offspring. When the tadpoles are ready, they 
drop in the water and the cycle continues
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A river runs through pristine primary 
forests inside the El Jardín de los Sueños. 
The Chocó is one of the wettest regions 
in the world, home to a huge number 
of species, including more than 10,000 
vascular plants and 130 amphibians. It’s 
separated from the Amazon basin by the 
Andes mountain range 
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ABOVE A shield, or hooded mantis is perfectly 
camouflaged on a plant. This ambush specialist 
will spend long periods staying still as it waits 
patiently for an insect to stray within reach so 
it can grasp it with its front legs. The extended 
thorax of the mantis aids in leaf mimicry and 
makes it inconspicuous to its own predators

LEFT Exophthalmus parentheticus, 
measuring 2.5cm in length, on a forest 
flower. The striking angular marks on the 
weevil are a clever silhouette-breaking 
device, which interrupt its outline, making it 
more difficult to spot in the jungle
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ABOVE The ornate rain 
frog is classed as a 
Vulnerable species 
because its distribution is 
severely fragmented. The 
amphibian is threatened 
by habitat loss and 
agricultural pollution

LEFT A green huntsman 
spider stalks its prey 
through the herbage, 
using its long legs to 
sense vibrations and 
then lunge suddenly and 
effectively. This female 
has started to create a 
silken cradle under the 
unfurling fern frond; 
here she will weave a 
cocoon in which to lay 
her eggs

NATURE
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LEFT Ecdysis is the term used to 
describe the moulting of the exoskeleton 
of an invertebrate, which is shed during 
growth. This cockroach nymph has 
outgrown its old cuticle and has found a 
protected place to complete the moulting 
process. Once it has pulled its body out 
of its old skin, the cockroach must wait 
for the new cuticle to harden and darken
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ABOVE A conehead katydid nymph sits on 
a leaf. When adult, with fully grown wings, 
katydids ‘sing’ by rubbing a comb-like row 
of pegs under the left wing on a plectrum-
like ridge on top of the right wing, ‘kay-tee-
did’ being the onomatopoeic representation  
of a common call

LEFT A female Alpaida spider cradles an 
egg sac. The silk igloo hides the vulnerable 
eggs from predators and parasitoids. The 
mother will also remain on guard to see off 
any potential enemies. When they hatch the 
spiderlings will have to disperse quickly, not 
only to escape their foes but also to avoid 
cannibalism

LEFT A fallen tree next to a river has 
been colonised by turkey tail. Fungi such 
as these are abundant organisms in the 
tropical forest. They invade wood and soil 
and break them down into nutrients that 
can be used by a variety of other plants 
and animals

Javier Aznar is a wildlife 

photographer from Spain and 

member of the iLCP Emerging 

League Photographers. Find 

out more at http://javier-aznar-

photography.com
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THE FALL OF THE 
DITHERING 
DICTATOR

With Henry VIII dead and his son, Edward VI, 
a mere boy, Edward Seymour assumed power, 
seeking to govern England as a radical autocrat. 
But, writes Derek Wilson, when two rebellions 
erupted, Seymour vacillated – and that was to 
cost him his life

n 7 July 1549, Sir William Paget, 

secretary to the royal council, wrote 

a letter to Edward Seymour, Duke 

of Somerset. “I see at hand the king’s 

destruction and your ruin,” Paget declared. 

“The people are out of discipline because of 

your softness… I know your good meaning 

but it is a pity it should have caused the 

present evil. Society is maintained by 

religion and laws: you have neither.”

As denunciations go, Paget’s was 

devastating. And it was made all the more 

damaging by the fact that he was merely 

communicating what had become an open 

secret in aristocratic circles: Edward 

Seymour – regent to the boy-king Edward 

VI, self-styled autocrat and the most 

powerful man in England – was  

heading for a fall. 

How different things had seemed a couple 

of years earlier when King Henry VIII had 

breathed his last. Then Seymour had 

capitalised on his status as a powerful 

magnate, influential court insider, and  

brother of Henry’s beloved third wife Jane, 

to step seamlessly into the vacuum created 

by the old king’s death. With Henry’s son 

and heir, Edward VI, too young to rule in his 

own right, Seymour had himself appointed 

Protector of the Realm. For the next two 

years, he was the de facto ruler of England.

But by the time Paget dispatched his 

missive, Seymour’s fortunes had taken a 

nosedive. His powerbase was crumbling, 

the country was in revolt and his enemies 

were sharpening their knives. Within a few 

months he would be thrown into the Tower 

of London, languishing there while his fellow 

councillors decided what to do with him.

FESTERING DIVISIONS
So where did it all go wrong? The answer 

can probably be located in the divisions that 

festered in the second half of Henry VIII’s 

reign. The religious reformation that Henry 

had begun sundered England into violently 

opposed religious camps. There were 

radical Protestants who wanted to push 
Scan this QR Code for
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reform further, and conservatives who 

craved a return to the ‘good old (Catholic) 

days’. There were also social reformers who 

opposed many of the new landlords who 

had acquired land during Henry’s 

dissolution of the monasteries  and were, it 

was claimed, riding roughshod over the 

rights of the common people. 

At his death in 1547, Henry had left power in 

the hands of a moderately reformist body that 

was to act as Edward VI’s council until he 

reached 18. However, in the back rooms of 

Whitehall where secret deals were done, it 

was agreed that much of that power should be 

concentrated in one man’s hands: Seymour.

Over the centuries historians have offered 

many explanations as to why the councillors 

agreed to Seymour’s power-grab – including 

the need for a strong government to fend off 

any conservative reaction, the fact that 

Seymour was Edward VI’s uncle, and the 

dishing out of sweeteners to pliable 

supporters. Whatever the reason, Seymour 

was now Protector of the Realm. Soon, he 

was consulting the council less and less and  

ruling by decree in his nephew’s name. 

HERO OF THE HAVE-NOTS
The historian Diarmaid MacCulloch has written 

of Edward Seymour that he “combined the 

reforming zeal of Thomas Cromwell, the 

chutzpah of Cardinal Wolsey and the flashy 

populism of Queen Elizabeth’s doomed Earl of 

Essex”. At first, that “flashy populism” appears 

to have borne fruit. Declaring that he was 

committed to creating a fair society, Seymour 

appointed royal commissions to enquire into 

such agrarian grievances as the enclosure of 

the common land. In doing so, he made 

himself something of a hero among the 

disenfranchised: England’s ‘have-nots’ 

genuinely believed that the ‘Good Duke’, as 

they called Seymour, was on their side.

Unfortunately for Seymour, a growing 

number of these ‘have-nots’ began 

interpreting his policies as a cue to take the 

law into their own hands. Following his lead 

– or so they thought – bands of iconoclasts 

started smashing up church windows and 

tearing down rood screens. Other malcontents 

uprooted the hedges and fences built by 

‘grasping’ landowners – reclaiming land they 

thought was rightfully theirs. 

It was now that Seymour betrayed a 

weakness that would continually undermine 

his attempts to dominate England’s political 

landscape: an unwillingness to meet force 

with force. He issued pardons to offenders, 

promised new legislation and, as Paget later 

pointed out, only encouraged further 

lawlessness. So it proved when a rebellion 

broke out in the South West, where militant 

conservatives began protesting at the 

government’s religious policy and the 

attempt to force an English Prayer Book on 

Devon and Cornwall. On 2 July 1549, 2,000 

rebels laid siege to Exeter. 

It was not only in the shires that Seymour 

faced problems. His autocratic style had 

alienated several members of the council in 

London, whose support he now needed. He 

did not dare leave the capital himself but he 

did not know which of his conciliar 

colleagues he could trust with an army. On 9 

July, Lord Russell, sent to quell the western 

rebellion, halted at Honiton, refusing to 

advance on Exeter until Seymour sent 

reinforcements.

At the same time a commotion at 

Wymondham, Norfolk, involving the 

breaking of hedges, turned into a mass 

movement when Robert Kett, a landowner  

of moderate means, accepted the 

leadership of the rebels and set off to attack 

Norwich, then the second largest city in 

England. By 11 July he had amassed a force 

of 16,000 followers and set up camp on 

Mousehold Heath, close by the city. When 

news of this and other disturbances reached 

London the following day, the city was 

placed under martial law. The capital was 

wracked by mounting fear of 

demonstrations of sympathy for the rebels.

Seymour, meanwhile, was with King 

Edward at Hampton Court and under virtual 

siege. Landowners demanded that he take 

action against unruly tenants, and his 

councillors urged him to send troops to the 

trouble spots to make examples of rebel 

ringleaders. Instead, he hesitated.

On the night of 21–22 July, Kett’s ‘army’ 

attacked Norwich, bombarding the city with 

confiscated cannon. His men stormed 

through breaches in the wall and, fighting 

their way hand-to-hand through the narrow 

streets, reached the market place. Kett set  

up his own court, passing judgment on 

prisoners dragged before him and 

authorising foraging parties to commandeer 

provisions from houses and surrounding 

farms. He sent the government an ultimatum 

of 29 demands, insisting that they were in 

line with Seymour’s policy, and directed only 

against landowners who were “enemies of 

king and commonwealth”. 

Once again, Seymour dithered. It was the 

28th before he sent a mere 1,300 

mercenaries and local levies, under the 

command of William Parr, Marquess of 

Northampton, to face Kett’s vastly superior 

force. Parr had little military experience, and 

it showed. Soon after Parr’s arrival, Kett’s 

army attacked, inflicting on Parr a 

humiliating defeat. An eyewitness described 

the scene: “Lamentable and miserable was 

the state of the city at this time when 

nothing was seen or heard but lamentation 

and weeping… the clashing of weapons, the 

flames of the burning, the ruin and fall of 

houses, and many other fearful things 

which… struck with incredible sorrow the 

hearts and ears of all that heard it.”

TOO LITTLE, TOO LATE
Now, at last, Seymour seems to have stirred 

from his stupor. Fearing that Kett’s army 

would march on London, he doubled the 

guard on the city gates, set up gibbets as a 

warning to disaffected citizens and instructed 

the bishop of London to preach at St Paul’s 

that “those who resist temporal authority resist 

God’s ordinance, and are utterly damned. The 

rebels deserve death as traitors and receive 

eternal damnation with Lucifer.” 

But for most members of the political  

class, Seymour’s intervention was too little, 

too late. With the capital in a state of panic, 

several councillors now abandoned him, 

quitting Hampton Court and meeting in 

Westminster – to all intents and purposes  

a rival government.

Seymour consulted 
the council less 

and less and ruled 
by decree in his 
nephew’s name 

ABOVE: A portrait of Edward VI’s  
mother, Jane Seymour. Her marriage to Henry VIII made 

her elder brother, Edward, a powerful man
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A shepherd shown in a (colourised) illustration of Edmund Spenser’s 1579 poem The Shepheardes Calender. In the early days of Edward Seymour’s regency, many of the agricultural poor were won 
over by his promises to address the enclosure of common land

ABOVE: A plaque in St Ives commemorating those who died 
during the Prayer Book Rebellion. About 900 had their throats 
cut on the orders of Seymour’s general Lord Russell (right)

ied 
roats
t)

LEFT: William Parr, whose army met with defeat 
at the hands of Kett’s rebels, who are shown 

(below)meeting at the Oak of Reformation 
near Norwich in 1549 
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However, better news for Seymour came 

from the West Country. Russell, having been 

granted reinforcements, defeated the rebels 

at Fenny Bridges, Clyst Heath and Clyst St 

Mary and raised the siege of Exeter. He 

arrived none too soon. A contemporary 

chronicle related the suffering of Exeter’s 

besieged citizens: “Many assaults and 

sundry skirmishes were made, the gates set 

afire, the walls undermined, the suburbs 

burned and divers killed… the citizens, 

having no bread, were driven… to eat bread 

made of bran and worse and the prisoners 

in the gaol… were fed with horseflesh.”

If William Parr was condemned for 

weakness at Norwich, Russell was soon 

being accused of undue brutality. At Clyst 

Heath the commander ordered 900 bound 

prisoners to have their throats cut. Russell 

pursued the king’s enemies over a wide area 

and hanged those he hunted down in places 

as far away as Minehead and Bath. On 

entering Exeter, he unleashed vengeance so 

gruesome that it appalled even seasoned 

warriors. It is estimated that the Prayer Book 

Rebellion cost 5,500 lives.

RIVAL ARMIES
By now, order was also being restored in 

eastern England – though, unfortunately for 

Seymour, one of his greatest rivals would take 

the credit. At the end of August, John Dudley, 

Earl of Warwick – at the head of an army of 

10,000 levies, fortified by a further thousand 

German mercenaries – seized Norwich, cut 

Kett’s supply lines and confronted him at 

nearby Dussindale. In the resulting battle, 

hundreds of peasants were slain.

Dudley returned to London a hero. As his 

mercenaries set up camp outside the city, 

the “ruin” that William Paget had predicted 

for Edward Seymour in his letter of 7 July 

appeared an inevitability. Feeling himself 

increasingly isolated, Seymour ordered all 

armed levies to be stood down. The 

Westminster councillors ignored him.

The next few weeks saw the rival 

governments at Hampton and Westminster 

locked in stalemate. On 5 October, 

Seymour, now panicking, sent a flurry of 

messages to local officials ordering them to 

come to Hampton Court with as many 

armed men as possible, “to defend the king 

and the lord protector, against whom a most 

dangerous conspiracy has been attempted”. 

The accusation of treason galvanised 

Seymour’s rivals into action. Astonished 

Londoners saw them processing through 

the city “weaponed and had their servants 

likewise weaponed, attending upon them in 

new liveries”. Seymour responded by 

ordering the lieutenant of the Tower of 

London, Sir John Markham, to hold the 

fortress against the rebels. Instead, 

Markham handed it to the councillors.

Seymour now fled by night with the king  

to Windsor, calling on all loyal Englishmen to 

come to his aid. It was a forlorn hope. The 

force was now decidedly with Seymour’s 

opponents.

The protectorate was all but over and on 

14 October Seymour was escorted to the 

Tower. But that wasn’t the end of the story. In 

1550, Seymour made a dramatic return to the 

council, and there he might have stayed if he 

had been content to accept a subordinate 

position to his old comrade-in-arms, John 

Dudley. He was not. Seymour was drawn 

into personal rivalries within the council – 

and he lost. In January 1552, the man who 

had held England’s fate in his hands just a 

few years earlier, was executed for trying to 

overthrow Dudley.

By any standards, Seymour’s fall from 

grace was precipitous. Its root cause may 

have been his attempt to imitate Henry 

VIII’s model of absolute rule. The trouble 

is, Seymour was not Henry. He lacked the 

king’s legitimacy and, above all, his 

ruthlessness. Seymour was plagued by 

contradictions. He declared his opposition 

to money-grubbing landowners, but spent 

hugely on a new London palace – 

Somerset House – and other grandiose 

projects. He abhorred violence but was 

indirectly responsible for thousands of 

deaths. When firm action was required, he 

wavered. All this alienated England’s 

political class. And when they withdrew 

their support, Seymour was doomed. 

Seymour fled by night with King Edward to 
Windsor, calling on all loyal Englishmen to 

come to his aid. It was a forlorn hope

We can’t be sure what was going through Edward’s 

mind as Seymour lurched from one disaster to the 

next in the autumn of 1549. But an extract from his 

diary gives us a clue. In it the king relates how the 

London councillors sent him “A very gentle letter… 

to declare [the Protector’s] faults, ambitions, 

vainglory, entering into rash wars in my youth… 

enriching himself from my treasure, following his 

own opinions and doing all by his own authority, 

etc. [The next day] the lords came to Windsor, took 

him and brought him through Holborn to the 

Tower.” Edward’s tone is emotionless, with no 

suggestion of regret for his uncle’s fate. So did he 

resent Seymour’s control?

Edward was an orphan. The boy’s only close 

relatives were his uncles, Edward and Thomas 

Seymour. In the game of thrones that was Tudor 

politics, they both played for the highest stakes. 

Thomas was a charmer. He married Henry VIII’s 

widow, Katherine Parr, and had designs on 

Princess Elizabeth. He also courted the boy 

king’s friendship by giving him money and 

pointing out how badly the protector treated him. 

As for Edward Seymour, he kept young 

Edward on a tight rein, restricting access to his 

royal charge and planting spies in the royal 

household who informed him about everyone 

who approached the king.

The tactic may have worked in the short term. 

But Edward VI, no less than Seymour himself, 

took the wilful Henry VIII as his model. Now, it 

appears that he was ready to cast off Seymour’s 

avuncular tutelage.

Edward VI seems to have been totally untroubled by 
Seymour’s downfall

Did the young king revel in  
his uncle’s disgrace?

Edward VI: the
pitiless king

Derek Wilson is a historian and novelist. His books 

include The Plantagenets: The Kings that Made Britain 

(Quercus, 2014) and The Devil’s Chalice (MadeGlobal 

Publishing, 2016), a novel based around Kett’s rebellion
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Airborne Event is a  
piece of art created by  
Fred Tomaselli in 2003

 OUR BODIES CONTAIN SOME 30 TRILLION CELLS,  

 AND A NEW PROJECT AIMS TO MAP THE MOLECULAR  

 SIGNATURE OF EVERY SINGLE ONE 

WORDS BY KAT ARNEY
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1 Separate tissue sample into single cells, 

using high-powered focused laser beams, 

enzymes or other techniques.

2 Break open each cell to  

release the RNA messages.

HOW IT WORKS: 
SINGLE-CELL GENOMICS
In order to measure the gene activity in a single cell, you need to 

isolate its RNA – the molecular messages produced when genes are 

switched on. By comparing the sequences of these messages with the 

whole genome (the complete set of DNA contained inside every cell), 

researchers can figure out which genes are being expressed in any 

particular cell at that time.

apping the human body is one of biology’s oldest 

endeavours. By studying the battered bodies of Roman 

gladiators, the 2nd-Century philosopher-surgeon Galen of 

Pergamon wrote medical texts that stood as the pinnacle of 

anatomical knowledge for more than 1,000 years, until the Flemish 

doctor Andreas Vesalius came up with more accurate works. But it 

wasn’t until the invention of the first practical microscope in the 

mid-1600s, a century after Vesalius’s death, that curious scientists 

could finally begin to study cells – the building blocks that make up 

our tissues and organs.

Just as studying the tiniest subatomic particles has helped 

physicists to unravel the workings of the cosmos, so biologists have 

found that zooming in on our individual cells can reveal new insights 

into the human body. For a long time, this has been the domain of 

pathologists, studying the physical appearance of cells and tissues, 

along with a relatively limited number of molecular markers. But, 

backed by the exciting new science of single-cell genomics, a 

project called the Human Cell Atlas is aiming to create the ultimate 

inventory of the human body, mapping every single one of our cells 

in intricate detail. And the resulting guidebook could revolutionise 

our understanding of health and disease.

CELLULAR SCIENCE
It’s long been clear that cells in different organs look and behave in 

their own distinctive ways. For example, spherical immune cells are 

primed to recognise infections, while spidery nerve cells crackle with 

hundreds of connections. Nevertheless, each cell still has the same 

basic set of instructions in the form of the human genome, encoded 

within our DNA. The thing that makes each cell type different is the 

particular set of genes active within it, producing molecular 

messages called RNA. And because a particular pattern of gene 

activity will be unique to a specific cell type, the RNA made within it 

will be unique too, acting as a kind of molecular ‘fingerprint’. 

For several decades, researchers have been able to measure the 

activity of genes in different cell types (known as gene expression) 

by mashing up millions of cells and analysing the different RNAs, 

getting a read-out of which genes are switched on and which are off. 

Yet this is only an average, and this method can’t pick up 

differences between individual cells. It’s like looking at a crowd from 

a distance and only seeing a colourful blur, rather than the exact hue 

of each person’s shirt. But thanks to recent advances in technology, 

we can now zoom right in to look at gene activity in a single cell (see 

diagram, below). 

A typical human body contains around 30 trillion cells, but while it is 

often said that there are around 200 different types, more detailed 

molecular analysis has revealed that this is a massive underestimate. Is 

every cell in the liver exactly the same, or have we only been measuring 

averages? What about the billions of neurons in the brain, or the 

multitude of distinct immune cells? These questions provided the spark 

for the Human Cell Atlas, which aims to map gene expression patterns 

in billions of individual cells. 

THE JOURNEY BEGINS 
The idea flickered into life in 2012 when geneticist Dr Sarah 

Teichmann came to the Wellcome Trust Sanger Institute near 

Cambridge to set up a research group studying gene activity in 

single cells in the mouse immune system. Over coffee and 

conversation with her new colleagues, she realised that her 

techniques might solve a much bigger challenge. 

“Despite centuries of microscopy, we don’t actually fully 

understand the different cell types in the body,” she says. “When I 

came to the Sanger Institute we started bouncing ideas around. It 

was a bit utopian because the technology just wasn’t there yet, but 

we thought what if someday it would be possible to atomise a 

human body – take a human and look at all their cells. Of course, 

you’re not vaporising a whole person, but we thought we could take 

tiny samples from many different people and stitch it all together into 

a kind of universal atlas.” 

With trillions of cells to analyse, this isn’t the kind of task that a 

single laboratory, or even a single institute, can handle alone. 

Teichmann and her colleagues soon realised that a number of other 

researchers were starting to have the same thoughts as them – 

notably Dr Aviv Regev at the Broad Institute in Massachusetts – and 

began to build an international consortium of single-cell enthusiasts 

ranging from geneticists and molecular biologists to surgeons and 

machine learning specialists. So far, the team has committed to 

studying four types of tissue: the brain, the immune system, 

epithelial tissue (which lines the surfaces of organs and blood 

vessels), and foetal and placental cells. As well as cataloguing the 

cells of healthy people, a key part of the project will be to understand 

1 Separate tissue sample into sing

ng high-powered focused la

es or other techniqu
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4 Amplify the DNA thousands or 

even millions of times to get 

enough material to sequence.

5 Read the DNA using 

next-generation  

sequencing tech.

3 Convert the RNA into DNA  

– this process is known as  

reverse transcription.

6 Analyse results to work out which 

genes are active, producing a gene 

expression profile for that cell. Repeat for 

cells around the body!

Modern images of blood cells taken with scanning electron microscopes (main image) offer far more detail than earlier microscope images, like these published in 1845 (inset)
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how cells change their activity when we get sick, so cancer cells are 

on the initial list, too.

ROBOT RESEARCHERS
The scale of the Human Cell Atlas and the accuracy required means 

that this is no longer the kind of work that can be done by hand. To 

find out more about the technology involved, I visited Dr Stephan 

Lorenz. He heads up the single-cell genomics facility at the Sanger 

Institute, where a significant proportion of the work for the Human 

Cell Atlas will be carried out.

He shows me around several large rooms full of huge cabinets 

containing an army of high-tech, liquid-handling robots for preparing 

and processing single-cell samples, supervised by just two human 

staff. One impressive machine isn’t so much a sonic screwdriver as 

a sonic sampler, using sound pulses to whack precisely-measured 

microscopic drops of liquid from one plastic plate to another. 

Another can process more than 1,200 samples in 90 minutes.

“Over the last couple of years there’s been an explosion of 

methods that allow us to measure these tiny quantities of RNA that 

are present in a single cell,” he says. “We can now understand how 

cells ‘think and feel’ and see inside the ‘mind’ of a single cell. By 

looking at the messages in cells we can infer their function and even 

their identity.” What’s more, he explains, he can even see how 

individual cells in the immune system change when they are 

activated to fight infection, or watch the genes that are switched on 

and off as one cell splits into two.

Yet RNA messages aren’t the only thing that gives a cell its 

identity. RNA carries instructions to make proteins, which build 

physical structures inside cells and carry out biological functions in 

the body (for example, digestive enzymes in the stomach or sturdy 

keratin proteins that make up our skin and hair). Lorenz and his 

colleagues are now developing methods to analyse all the proteins 

inside a single cell. 

It currently takes about three weeks to analyse all the RNA in an 

individual cell, though the process is speeding up all the time. 

Perhaps an even bigger challenge than analysing all of the cells is 

coping with the quantity of data generated. Around 850,000 

messages are sequenced per cell. Multiply that by millions of cells, 

and it quickly adds up. 

To help with this, the Human Cell Atlas consortium secured 

funding from the Chan Zuckerberg Initiative (set up by Facebook 

founder Mark Zuckerberg and his wife Priscilla Chan) to develop 

ways to process and present the torrent of information coming from 

the sequencing labs.

Making the Atlas searchable and usable is vital if it is to become a 

meaningful resource for scientists. Although Teichmann doesn’t yet 

know how the data will be presented, she does have one fun idea. 

“The really futuristic vision is that we will all be wearing virtual reality 

headsets and be able to look at a virtual body to point out parts that 

we want to see,” she says.

“WE CAN NOW UNDERSTAND HOW 
CELLS ‘THINK AND FEEL’ AND SEE 
INSIDE THE ‘MIND’ OF A CELL”

CANCER 
By analysing gene activity in single cancer 

cells, researchers hope to identify the 

changes that trigger the growth and spread 

of tumours. They are also searching for 

clues to explain how these rogue cells can 

develop resistance to therapy, with the aim 

of finding ways to prevent the disease 

coming back again after treatment.

SENSATIONAL CELLS
THE HUMAN CELL ATLAS IS INITIALLY 
FOCUSED ON FIVE TYPES OF CELL…

BRAIN
The brain is probably the most complex 

organ in the body, made up of more than 86 

billion nerve cells (neurons). By mapping all 

the patterns of gene activity in different 

brain cells, researchers hope to understand 

how neurons wire up and communicate, 

and what goes wrong in psychiatric and 

neurodegenerative illnesses.

IMMUNE SYSTEM 
There are hundreds of types of cell in the 

immune system alone, each with distinct 

roles in spotting and responding to 

infections or disease. Analysing each cell 

type will reveal the changes that happen 

as the immune system fires into action, 

and will shed light on autoimmune 

conditions and allergies. 

EPITHELIAL CELLS
Epithelial cells are one of the most 

versatile cell types. They make the linings 

of our organs, ranging from the tubes of 

the gut to the delicate air sacs of the 

lungs. Establishing how epithelial cells 

carry out such a diverse range of roles 

will explain how organs grow and are 

affected by diseases such as cancer.

PLACENTA AND FOETUS
Studying these tissues will reveal how we 

grow and develop in the womb, and how a 

healthy placenta develops to provide oxygen 

and nutrients. This will give us vital clues for 

understanding what has gone wrong in 

babies who are born with developmental 

disorders, or when a pregnancy ends in 

miscarriage or stillbirth.

SCIENCE
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MAPPING THE FUTURE
It’s still early days for this incredibly ambitious project, which 

officially kicked off in October 2016, but Teichmann thinks it’s 

feasible. “I would say for a draft Atlas we need to analyse between 

approximately 30 million and 1 billion cells,” she explains. “Over the 

last eight years, there has been an exponential decrease in cost per 

cell and an exponential increase in the number of cells per 

experiment. If that trend continues then we are in good shape.”

As well as satisfying our scientific curiosity about what we’re all 

made of, Teichmann sees the Atlas as a source of huge potential 

benefits for biomedical research, revealing leads for new drugs or 

finding molecules that act as biomarkers for diagnosing and 

monitoring disease. At a deeper level, she hopes it will answer 

fundamental questions about the links between genes and health. 

As an example, she mentions the harmful change (mutation) in a 

gene called CFTR that causes cystic fibrosis, which affects the lungs 

and other organs.

“We know that CFTR is active in the lungs, but in fact is expressed 

in other parts of the body, too. So you could interrogate the Human 

Cell Atlas and find those cells, to understand why things are going 

wrong when it’s mutated,” she explains. “Or say you want to know 

the side effects of a drug that targets the product of a particular 

gene. You could search the Atlas to see where that gene is 

expressed – which organs, tissues and cells – and then predict what 

the anticipated side effects might be.”

Understanding exactly what has gone wrong in a wide range of 

diseases, quickly identifying which cells and which molecules are 

misbehaving, will help doctors to diagnose conditions faster and 

select the most appropriate treatment with less of the guesswork 

that goes on at the moment.

Ultimately, Teichmann and her team see the Human Cell Atlas as a 

fundamental resource that will one day have an impact on almost 

every aspect of biology and medicine. Perhaps we could even call it 

Human Genome 2.0.

“I like that!” she laughs. “The Human Genome Project was all 

about deciphering the DNA sequence, but the Human Cell Atlas is 

asking what does that sequence actually stand for? How is the 

genetic code read out to make a human body? It really is 

mind-blowing!” 

A laboratory at the Sanger 
Institute, where a lot of the 
Human Cell Atlas research  
will be carried out

Kat Arney is a science writer and broadcaster. Her latest book, How To Code A 

Human, is out now
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Mention ‘bacteria’ and memories of food poisoning and nasty infections probably spring to mind. 
Yet scientists are finding that microbes can give us much more than a dodgy tummy…

WORDS BY TOM IRELAND

IL
L

U
S

T
R

A
T

IO
N

S
: 
J
A

M
E

S
 O

L
S

T
E

IN

HEALING HEROES
Could topping up the bacteria in our guts help us recover 

from injuries quicker? Scientists at Rockefeller University 

studying mice with spinal cord injuries found that the 

injury altered the bacteria in the guts of the mice, 

prompting the release of inflammatory cells. This initiated 

other processes that impaired their ability to recover from 

the injury. When some mice were treated with probiotics, 

they recovered from their injuries faster. The study’s 

authors suggest that when treating spinal cord injuries in 

humans, changes in the gut could be counteracted with 

probiotics to assist with recovery.

LANDMINE DETECTORS 
Scientists from Edinburgh University have developed a genetically 

modified, harmless strain of E. coli that glows green in the presence 

of certain explosives. The researchers hope that the bacteria could 

be dropped onto suspected landmine sites, potentially replacing 

the practice of finding mines using metal detectors or sniffer dogs. 

The modified bacteria produce a protein that binds to TNT, which is 

found in many landmines. This reaction then ‘switches on’ a gene 

that creates luciferase, an enzyme which causes fireflies and other 

bacteria to emit light.

SCIENCE
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BACTERIAL BATTERIES
Minuscule currents caused by the 

movement of bacteria could one day be 

used to power nanomachines or tiny 

electrical components, according to 

scientists from Oxford University. The 

team, from the university’s department 

of physics, found that dense solutions of 

swimming bacteria will spontaneously 

organise around tiny rotors, forming a 

microscopic ‘windfarm’. Swarm-like 

activity within this ‘living fluid’ drives the 

rotors, providing a tiny but steady 

source of power that could be used to 

run the next generation of 

micromachines, nanobots or 

smartphone components.

BIOFUELS 

US biofuels 

company Mascoma 

has created a new 

yeast capable 

of converting up 

to 97 per cent 

of crop waste 

into ethanol fuel. 

This genetically 

modified strain is 

significantly more efficient than previous 

biofuel-producing yeasts, which leave 

around a third of the tough plant material 

unconverted. The new yeast works in just 

48 hours and its raw materials – corn stalks, 

wheat straw and the inedible parts of sugar 

cane – are waste products of commercial 

farming, so are abundant and cheap.

FIRE FIGHTERS
US scientists are using bacteria to 

prevent wildfires in Idaho and Oregon. 

Recently, fires in this area have been 

exacerbated by the spread of an 

invasive plant known as cheatgrass, 

which forms dry and fine straw that 

catches fire easily in arid conditions. 

Researchers from the US Geological 

Survey found that the bacterium 

Pseudomonas fluorescens 

suppresses the growth of 

cheatgrass’s roots, preventing it from 

outcompeting native grasses. The 

land could be cleared of cheatgrass 

after five years of treatment with the 

bacteria, the researchers say.

DELIVERY BUGS
Bacteria that navigate using magnetic 

fields could be used to deliver drugs into 

tumours. The bacteria, Magnetococcus 

marinus, have a navigation system 

based on magnetised crystals to help 

them find their way around the deep 

sea. Scientists at the National Institute 

of Biomedical Imaging and 

Bioengineering in the US have exploited 

this ability by injecting the bacteria into 

mice with cancer. They then generated magnetic fields to 

guide the bacteria towards the tumours. The next step is to 

modify the bacteria so they can deploy a cargo of tumour-

killing molecules.

MICROSCOPIC MEMORY
A team at the Massachusetts Institute of 

Technology has developed a tool to make 

bacteria act as ‘genetic tape recorders’, 

writing information into their DNA about 

simple events they have experienced. The 

bacteria can be programmed to create a 

new section of DNA when exposed to, say, a 

certain chemical or light. Researchers can 

then ‘read’ the DNA later to find out about 

what the bacteria experienced. If 

populations of billions of bacteria are used, 

the effect adds up to create an analogue 

organic ‘hard drive’ of sorts, they say.
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The world’s smallest flying robot is the 

‘RoboBee’ developed at the Wyss Institute, 

Harvard. It’s the size of your fingernail 

but needs to be tethered to a cable to 

power its wings. The smallest crawling, 

untethered micro-robot is only 0.2mm long. 

It is powered through a special floor that 

contains tiny electrodes. These induce an 

electrical charge in the robot, enabling it to 

move like an inchworm. 

Scientists at the University of Mainz in 

Germany recently took the first step towards 

molecular-sized nanobot, when they created 

a heat-powered motor using a single 

vibrating atom trapped in a nano-sized cone 

of electromagnetic radiation. Amazingly, it 

has the same working principles as a car 

engine: expanding, cooling, contracting, 

then heating. PB

What’s the 
smallest 
robot?
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Although it’s common, eczema is not fully understood. It often has a 

genetic basis and around one-third of children with eczema also 

have food allergies and many have asthma. Sufferers have an 

overactive immune system, which responds aggressively to 

irritants. Eczema can also be caused by an abnormal immune 

response to bodily proteins. Flare-ups have a wide range of causes, 

including heat, soap, skin products, and illnesses such as the 

common cold. A UK team from Newcastle recently came a step 

closer to an effective treatment, after identifying how a skin barrier 

protein called filaggrin affects eczema pathways. ED

Our brains have been shaped by 

generations of evolution. The fact that 

we are unable to think in more than 

three dimensions suggests that 

visualising four or more dimensions 

simply provided no survival or 

reproductive value to our ancestors – this 

isn’t really surprising since our daily lives are 

played out in a three-dimensional physical 

space. It is likely for similar reasons that we also 

find it so difficult to imagine truly infinite space or 

eternity and other metaphysical concepts. While we can 

appreciate the meaning of these terms, we struggle to 

visualise them because our brains have adapted to process 

the limited space and time that we occupy. CJ

What causes eczema?

Why can’t we 
visualise more 
than three 
dimensions?

Could we manipulate gravity?
Gravity is easy to manipulate: it’s just a matter of moving masses 

around. The challenge lies in achieving anything useful by doing it, as 

gravity is incredibly feeble. Even so, NASA has succeeded many 

times, by waiting until planets are in specific locations before 

launching probes, and using the gravity of the planets to hurl the 

probes to precise locations. RM
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Eggs are much older than chickens. Dinosaurs laid 

eggs, the fish that first crawled out of the sea laid 

eggs, and the weird articulated monsters that swam in 

the warm shallow seas of the Cambrian Period 500 

million years ago also laid eggs. They weren’t 

chicken’s eggs, but they were still eggs. So the egg 

definitely came first. Unless you restate the question 

as ‘which came first, the chicken or the chicken’s 

egg?’ Then it very much depends on how you define a 

chicken’s egg. Is it an egg laid by a chicken? Or is it an 

egg that a chicken hatches from? Chickens are the 

same species as the red jungle fowl of Southeast 

Asia, although they were probably hybridised with the 

grey jungle fowl when they were domesticated 10,000 

years ago. But it doesn’t matter; at some point in 

evolutionary history when there were no chickens, 

two birds that were almost-but-not-quite chickens 

mated and laid an egg that hatched into the first 

chicken. If you are prepared to call that egg a 

chicken’s egg, then the egg came first. Otherwise, the 

chicken came first and the first chicken’s egg had to 

wait until the first chicken laid it. LV

How could I survive a nuclear bomb?
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1. THE RADIATION
Nuclear bombs release 35 per cent of their energy as thermal radiation.  A 1.2 

megaton device, such as the B83 bomb in the US arsenal, will release two 

million gigajoules of energy. This will cause third-degree burns to exposed 

skin, at a distance of 10km. If you are already standing next to a wall or a car, 

duck behind it. Otherwise throw yourself on the floor, feet facing towards the 

blast, and cover your head with your arms. The thermal pulse will last around 

10 seconds for a ground burst explosion. The initial gamma radiation is less 

dangerous than the heat pulse.

2. THE BLAST
Once that ends, you have a brief lull before the blast wave hits you with 

50 per cent of the bomb’s energy. It travels at 1,250km/h towards you. At 

10km from the impact point, you have 20 seconds to reach safety. The 

overpressure of 200 kilopascals will feel like being punched all over, 

simultaneously, which isn’t enough to kill you, but it will knock down all 

buildings and send vehicles flying. The best place to be is the middle of 

an empty field. Failing that, crouch behind a low wall, away from tall 

buildings that can fall on you.

T H E  T H O U G H T  E X P E R I M E N T

Which came first, the 
chicken or the egg?

I N  N U M B E R S

The distance, in kilometres, 
by which the asteroid 2012 

TC4 passed by Earth on  
12 October.

The amount of plastic, in 
tonnes, that humans have 

created. The majority lies in 
landfill or the environment.

8.3bn

6,760

The number of bacteria on 
1cm3 of kitchen sponge. 
Faeces is the only other 
comparable substance! 

5x1010
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A so-called ‘superfood’ has no scientific definition 

and the word is little more than a marketing fad. Fruit 

and vegetables rich in antioxidants, like blueberries, 

kiwi fruit and goji berries, often top the superfood 

list. Antioxidants, such as vitamins A, C and E, are 

billed as being able to fight havoc-wreaking free 

radicals, helping to prevent cancer. But evidence for 

dietary antioxidants’ effectiveness is sparse, with 

some studies suggesting that digestion destroys 

much of the antioxidant power of berries. Plus, the 

antioxidant concentrations needed would require 

you to consume vast quantities of your selected 

superfoods. However, the foods are all healthy and 

will enrich a balanced diet. ED

Dogs have a sense of time but probably not a ‘concept’ of time. 

Human episodic memory means we pinpoint times in the past 

and look forward to the future. Studies suggest that dogs live 

very much in the present but, like us, their internal clock or 

circadian rhythm regulates body processes such as when to go 

to sleep and get up. Left alone they may become increasingly 

anxious, indicating that they have an awareness of the passage 

of time. Plus, they react to a plethora of behavioural cues as 

though they know that ‘it is time for walkies’. But don’t be fooled 

– dogs haven’t mastered time management yet! CC

Do superfoods 
really exist?

Do dogs have a concept of time?

That’s a question with practical importance, as randomness 

is surprisingly useful. Following no laws, random numbers 

lack any predictability, so when added to text they garble it 

in a way that no one can unscramble without knowing what 

numbers were added to encrypt them. Randomness is also 

useful in simulating the effects of chance on complex systems 

like stock markets, and for selecting representative samples of 

patients when testing new drugs. 

Researchers typically use random numbers supplied by a 

computer, but these are generated by mathematical formulas 

– and so by definition cannot be truly random. In the 1970s, 

scientists discovered that a widely-used formula produced 

regularities in its ‘random’ numbers that undermined countless 

research studies. True randomness can be generated by 

exploiting the inherent uncertainty of the subatomic world. In 

1957, the UK government unveiled ERNIE (Electronic Random 

Number Indicator Equipment), which used random quantum 

noise to choose Premium Bond numbers. 

While randomness seems ideal for making totally unbiased 

choices, there’s a problem: the lack of bias only really appears 

in an infinitely long set of random numbers. In any given 

collection, there can be astonishing long patterns. So don’t be 

surprised if your smartphone track-shuffling feature randomly 

plays the same song several times  

on the trot. RM

Is anything truly random?

QA&
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What is the carbon 
footprint of the 
internet?

H O W  I T  W O R K S

THE HONEYBEE
A worker bee spends three weeks as an egg, larva and pupa. When she emerges as an adult, she spends nearly three weeks in the hive, 

working her way up the ranks as she does different jobs. She’ll then spend four days guarding the hive entrance before flying off for the 

remaining three to four weeks of her life, to gather nectar and pollen. She will fly 800km and make one-twelfth of a teaspoon of honey.

Honey stomach
The digestive tract has a 

separate lobe to hold the 

nectar. Hairs at the entrance 

filter out pollen grains. 

Eyes
Two compound eyes, plus three 

simple ‘ocelli’ that measure light 

intensity. Drones have 50 per 

cent more facets in their 

compound eyes than workers.

Sting
As well as venom, the sting 
releases alarm pheromone 

to signal other bees to attack 
the same target. 

Mouthparts
Grasshoppers can only  

chew, and moths can only suck, 
but honeybees can do both since 

they have mandibles and a 
proboscis.

Wax plates
Glands between the 

abdominal segments produce 
wax that grows outwards as 
thin plates. Workers mould 

them to form the honeycomb.

Wings
Bees have two pairs of wings but 
they are connected together by a 

row of wing hooks that keep 
them synchronised.

Legs
The rear legs have a pollen 

basket made of hairs,  
with a central long bristle 

that skewers the pollen ball 
in place.

Hairs
Pick up tiny electrostatic charges 
from flowers, which helps them 
locate good pollen sources and 

attracts the pollen grains to them.

51

6
2

73

8
4

Connecting together all the world’s 

smartphones, laptops, desktops and other 

gadgetry, the infrastructure of the internet 

uses a lot of energy, and that in turn gives it a 

hefty carbon footprint. According to a study 

by the Boston Consulting Group, the internet 

is responsible for roughly one billion tonnes 

of greenhouse gases a year, or around 2 per 

cent of world emissions. RM

The spread of modern humans across Europe is associated with the demise and 

ultimate extinction of Neanderthal populations 40,000 years ago, likely due to 

competition for resources. While the jury is still out on whether or not Neanderthals 

and modern humans differed in cognition, the ability of a small number of humans to 

replace a larger population of Neanderthals may have been due to a higher level of 

culture – our power to develop and pass on knowledge of better tools, better clothing, 

or better economic organisation. Interbreeding may also have lent us an advantage. 

Between 1 and 4 per cent of the DNA of all living humans (except sub-Saharan Africans) 

is Neanderthal in origin. AP

Why did the Neanderthals go extinct?
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Memories are formed by the 

changing strength of connections 

between networks of brain cells, 

particularly in the hippocampus, 

which is found in each temporal 

lobe (the part of your brain near 

your ears). A key memory-related 

process is ‘long-term potentiation’, 

which refers to a lasting change in 

how strongly one neuron 

influences another. It’s tempting to 

think of memory like a recording, 

etched permanently into patterns 

of brain cells, but it’s more 

accurate to see it as a creative 

process. During recollection, 

earlier patterns of brain activity are 

re-enacted – a fragile process that 

leaves plenty of room for error and 

editing. CJ

What happens in your 
brain when you make 
a memory?

QA&
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A bird’s wing feathers are mounted 

like slats on a venetian blind. They 

only lock together to form a solid 

aerofoil against airflow from below. If 

they fly upside down, the feathers 

rotate open and let the air through. 

But geese do use a manoeuvre called 

‘whiffling’ where they roll their body 

upside down and twist their neck to 

keep their head the right way up. This 

lets them rapidly lose speed and 

height for a fast landing. LV

Can birds  
fly upside 
down?
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F A C T  O R  F I C T I O N

FACT
Polar bears are top carnivores that bioaccumulate the vitamin A produced by marine 

algae lower down the food chain. Because vitamin A isn’t water-soluble, it can’t be easily 

flushed from the body and is stored in the liver instead. Bears and seals have generally 

high levels of vitamin A in their livers but polar bears have the most of any animal. The 

recommended daily allowance (RDA) for vitamin A in humans is 0.9mg, and you can get 

that from eating just one-tenth of a gram of the liver from a well-fed polar bear. The entire 

liver contains enough vitamin A to kill as many as 52 adults! If you spread it out and ate 

just enough to get your RDA every day, that liver would last you 143 years!



Is hot water better than cold water  
for handwashing?

Why do apps demand access to our photos 
and other data?

Most of the value of handwashing is the physical rubbing and 

rinsing action that dislodges bacteria from the skin’s surface.  

A study at Rutgers University in the US found that hot water 

was no better than cold at removing E. coli. In fact, water that is 

uncomfortably hot actually increases the bacterial load, because it 

damages the natural protective barrier of your skin. LV

Apps on mobile devices live in a ‘Sandbox’. This access control 

technology is built into the operating system, isolating each app 

from your data, from other apps, and from the hardware of the 

device, in order to prevent accidental or deliberate damage. 

When an app needs to process some data, it must ask you for 

permission first. This is normally for perfectly sensible reasons: 

a photo-editing app needs access to your photos, or a voice 

recorder needs access to the microphone. Sometimes an app 

may want access to more personal information because it is 

trying to gather data that could then be used for marketing. If you 

feel your privacy is being invaded, the best thing to do is deny 

access to your data or simply delete the app. PB
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TAKE
PART

You may have heard that rubbing garlicky hands on 

something made from stainless steel, such as a 

spoon, removes the whiff. You can even buy 

stainless steel soap! But does it work? No one has 

really tested it under scientific conditions, so my 

fellow chemists and I (funded by the Royal Society 

of Chemistry) devised a citizen science experiment 

to see whether it’s a hit or myth. 

Hundreds of people took part (you can see how to 

do the experiment at bit.ly/hitormyth) and their 

results showed that this trick does work! Which 

leave us with the question of how does it work? We 

are testing some theories in the lab, but this is what 

we think so far:

 Garlic is full of sulphur-containing chemicals, 

that give it its familiar taste and odour. One of 

them, called allicin, is probably responsible for 

making your hands smell. Stainless steel is an 

alloy, which is predominantly made of iron but 

also contains chromium. The chromium forms an 

oxide layer on the surface of the alloy, protecting 

the iron from rusting. It could be that the oxide 

layer reacts with the allicin from the garlic, 

making it cling to the surface of the stainless 

steel instead of your hands.

You can also conduct our next experiment, which 

investigates how to stop flowers from wilting. Read 

on to find out more!

We’ve teamed up with Prof Mark Lorch, a chemist from the University of Hull,  

to test whether life hacks really work – and we need your help!

DOES STAINLESS STEEL REMOVE GARLIC 
SMELLS FROM HANDS?

FIND OUT: DOES A COPPER COIN STOP CUT FLOWERS FROM WILTING?

1. Cut the flowers’ stems at a 45° angle. Put 

them into two identical vases, glasses or jam 

jars, each filled with 2-3cm of water. Over the 

course of the experiment, try and keep this 

water level constant.

4. Leave the flowers in a light place where  

they won’t get disturbed.

5. Make a note of which vase of flowers 

looks fresher over 1, 3, 5, 7 and 10 days, or 

whether they both look the same.

Check out our results on the Hit or Myth 

blog: 

hitormyth.hull.ac.uk

2. Find yourself a copper coin. 3. Clean the coin by giving it a scrub with 

toothpaste. Rinse the toothpaste off your 

coin and drop it in one of the vases. Your 

other vase will be your control.
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ALTERING PERCEPTIONS
Taters on the terraces

In Weichang County, northern China, 

terraced fields stretch across the 

landscape. Terracing is a useful 

agricultural technique in 

mountainous regions, as it prevents 

erosion and water runoff. Potatoes 

are being grown here, but the 

method works well for other crops, 

such as rice, olives, maize and 

grapes. Farmers around the world 

have been using terrace agriculture 

for centuries:  the Rice Terraces of 

the Philippine Cordilleras are a 

UNESCO site and are believed to be 

more than 2,000 years old, while 

inhabitants of the Andes adopted the 

method for farming maize and 

potatoes more than 1,000 years ago.
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W H AT  C O N N E C T S …

…A HOT BATH  
AND SLIMMING?

1.
An hour-long soak 
in the tub might 
seem like the 
most sedentary 
pastime 
imaginable, but 
according to 
researchers at 
Loughborough University, 
it’s more strenuous than 
you might think.

2.
A bath at 40ºC will raise your 

core temperature by 1°C. This 
stimulates your body to release 

shock proteins to protect 
against the heat. This metabolic 

effort uses up blood glucose.

3.
If you spend 
that hour 
cycling 
instead,  
your core 
temperature 
will rise by the 
same amount. But the 
bath is actually 10 per 
cent more effective at 
lowering peak glucose 
levels.

4.
Ultimately, cycling 

burns more 
calories than 

bathing, but a hot 
bath still uses 126 
calories per hour, 
which is as much 

as a 30-minute 
walk. Or doing 40 

press-ups.

Unfortunately, there is no vaccine against malaria, despite decades of intense research 

and development. More than 20 potential malaria vaccines are in their trial phases 

though, which aim to efficiently eliminate certain stages of the life cycle of Plasmodium 

– the malaria-causing parasite that some mosquitoes carry and inadvertently infect us 

with. There has been a proof-of-concept study that shows mosquitoes could deliver a 

candidate vaccine through their saliva, but how much they deliver depends on how 

many times they bite someone, so delivering the right dose of a vaccine would be 

incredibly challenging. AP

It’s partly because everyone stays indoors 

when the weather is bad, which helps germs 

to spread. But a 2014 study at Yale University 

found that the rhinovirus that causes most 

colds can only infect cells that are slightly 

below body temperature. Warm cells are able 

to fend off the virus by producing lots of 

interferon proteins. In cold air, the lining of 

your nose gets chillier and the cells’ immune 

response is much weaker. LV

Could mosquitoes deliver 
malaria vaccines

Why are we more likely to get ill if we are cold?

QA&
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Unripe fruits are green because of chlorophyll in their 

cells. As they ripen, the chlorophyll breaks down and is 

replaced by orange carotenoids and red anthocyanins. 

These compounds are antioxidants that prevent the fruit 

from spoiling too quickly in the air. Fruit-eating animals 

have also evolved to use the colour change as a sign of 

ripeness and this helps the plant too, since they need 

animals to eat the fruit to distribute their seeds. LV

Humans, killer whales and pilot 

whales are the only mammals that 

experience menopause. We all share 

a relatively long lifespan that involves 

mothers living in close quarters with 

their daughters. It is thought that the 

older females have therefore evolved 

to forfeit their ability to reproduce so 

that they can use their time and 

energy to nurture their daughters’ 

offspring, as they are more likely to 

survive than the ageing female’s 

young. This is known as the 

‘grandmother hypothesis’. Also, 

grandmothers do not want to 

compete for vital resources, such as 

food – another good reason to evolve 

a menopausal strategy. CC

Why do fruits change colour  
as they ripen?

Do other mammals go through the menopause?

Uranium and plutonium have long been at the heart of 

nuclear power, but many experts see thorium as a 

better option. It’s more abundant, comes from more 

politically stable sources like India and Australia, and is 

harder to weaponise. The reactor design is also simpler, 

arguably safer, and produces less radioactive waste. 

Ironically, it’s the difficulty of making weapons that 

explains why thorium designs have yet to become 

commercially viable. The roots of nuclear power lie in 

the race to make atomic bombs, prompting many 

countries to adopt uranium- and plutonium-based 

designs. With so much investment and expertise 

already committed to them, they will be around for 

decades yet. Even so, there is growing interest in 

thorium designs, especially in China, which may yet 

make them commercially viable. HS

Why isn’t thorium used 
for nuclear power?
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RESOURCE A FEAST FOR THE MIND

When we get a whiff of 
something, what is it we’re 
actually smelling? 
It’s the light, organic molecules given 

off by the substance. But it’s always 

a cluster of molecules that you’re 

smelling, not a single molecule. When 

you smell a cup of coffee, you’re 

breathing in around 800 different 

molecules, of which about 30 

contribute to the odour – it’s a kind of 

‘chord’ of smell. 

You often find the same molecules 

reoccurring in unexpected places. 

There’s a molecule in coffee that you 

also find in the smell of fresh bread, 

cucumber and old people’s skin. 

How do these molecules get 
translated into smell?
The molecules are detected by the 

millions of receptor nerves inside 

our noses. There are a number of 

SMELL THE COFFEE
Freshly-mown grass, wood smoke, seaside air… smells have an uncanny ability to unlock emotions 
and memories. We discuss the science and psychology of smell with Barney Shaw, author of The 
Smell Of Fresh Rain

competing theories for how exactly 

these receptors recognise the 

molecules – they might be reading the 

shape, volume or even the vibrations 

of the molecules – but the signals get 

passed on to the brain’s olfactory 

bulb, just behind the eyebrows. Here, 

the disparate information from our 

receptor nerves is combined into a 

single pattern, which the rest of the 

brain – especially the piriform cortex – 

translates into a recognisable smell.

Why do smells have such 
a special power to evoke 
memories?
The olfactory bulb is bang next door 

to two important brain structures: the 

hippocampus, which is crucial for the 

formation of long-term memories, 

and the amygdala, which plays an 

important role in emotions. The close 

connection between these regions 

THE SMELL 
OF FRESH RAIN
BY BARNEY SHAW
OUT NOW

probably explains the unusually 

evocative nature of smells. In contrast, 

the other senses take a longer path 

into the brain, via a structure called 

the thalamus, which is not part of our 

brain’s emotional centre.

When you ask people for their 

favourite smells, the same ones 

crop up time and again – this is 

often because they’re linked to our 

childhood memories. But it’s also 

cultural. Germans adore the smell of 

marzipan; Japanese people think it 

smells of oil or sawdust. If you ask 

an Ethiopian herder for their favourite 

smells, they will probably include 

cow dung, while the most attractive 

fragrance for Mali’s Dogon people is 

the scent of onions. 

There are also unpleasant smells 

that we come to enjoy because we 

associate them with delicious food, 

such as pungent cheese. If babies 
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ULYSSES 
BY JAMES 
JOYCE

THE SECRET  
OF SCENT 
BY LUCA TURIN

THE MAKING OF 
THE ENGLISH 
LANDSCAPE 
BY WG HOSKINS

AUTHOR’S 
BOOKSHELF
Three books that inspired 
Barney Shaw while writing 
The Smell Of Fresh Rain

“One of my favourite books: a 

long, deadpan joke, and brilliant 

on smells. Joyce can put anything 

into words, including the smell of 

Dublin pubs, fried kidneys and 

babies. He’s the only author I’m 

aware of who has described the 

very act of sniffing.”

“One of the few exciting books 

I’ve read on chemistry, by a 

research chemist working on 

perfumes. It takes the reader at a 

gallop through molecules, in 

search of the explanation of how 

our noses recognise smells.”

“I love non-fiction books which 

open up unexplored aspects of 

ordinary life. Until I read Hoskins, I 

had no idea that our landscape is 

so full of meaning. I hope my book 

will open up the sense of smell in 

a similar way.”

are given a whiff of Camembert, they’ll 

wrinkle their noses. It’s something we 

learn to appreciate over time.

You also talk about the links 
between smell and mood…
The connection between emotion and 

smell works both ways. If you smell 

something disgusting, it tends to make 

you feel more hostile, and if you’re a 

naturally hostile person, you tend to 

be more sensitive to disgusting smells. 

Similarly, research has shown that 

people who are given something fishy to 

smell are more likely to be suspicious, 

while naturally suspicious people are 

more sensitive to fishy smells. 

This link probably goes back to 

our evolutionary past, when a fishy 

smell might be a warning signal that 

something was rancid or ‘off’.

Has honing your own sense 
of smell changed how you 
experience the world in any way?
Being able to recognise a broader 

range of smells definitely gives the 

world an extra dimension. I have a 

son who is blind, and so he’s not 

accessing the world through what 

is most people’s primary sense. He 

would frequently ask me questions 

like, “What does three o’clock in the 

morning smell of?” Writing this book 

has helped me to put what I smell 

into words. It’s also taught me that 

someone who relies more on their 

sense of smell than their sense of 

sight is getting a more emotional 

view of their surroundings, as well 

as one which has more potential to 

frighten, disgust and delight.

Finally, what’s your favourite 
smell?
Grilled bacon. But my second favourite 

is perhaps more unusual: the smell of 

hot tar being laid on a road. It’s a rich, 

thick smell – a blend of chocolate, 

bad egg and petrol. And it’s also got 

an edge of sulphur, which of course 

makes it all the more exciting.

Smells can conjure 
up memories due to 
the olfactory bulb’s 
location in the brain
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TIME OUT

CROSSWORD PUZZLE 
GIVE YOUR BRAIN A WORKOUT

ACROSS

DOWN
1 Gain city a large bottle (10)

2 Iron, thanks to cheese (4)

3 Line travelled in London area (8)

4 Solved this sum to get a bit of land (7)

5 The excitement of a charged 

 current (11)

6 Heron flying with combination to find  

 dark amphibole (10)

7 Old church has a great deal for cat (6)

8 Endless goodness shown by huge  

 round master (8)

10 Bean shows sign of life (5)

16 Used as great crowd disperser (4,3)

20 Evidence of alcohol (5)

22 Superficial, swapping end bulb (7)

23 Hags portray new mapping of the  

 heavens (11)

25 Menial trio running someone’s  

 last race (10)

26 New boy has a right to give thug  

 a hand (10)

28 Thor-shaped image in camera tube (8)

31 Poem that’s initially meaningful (8)

32 A number turn it green (7)

34 Miner wore European fur (6)

35 German left award to the world (5)

39 Defraud out of a drink (4)

9 Family cites new science (8)

10 Broadcasting system becomes a friend (3)

11 Alternatively, youngster left out a bloomer (6)

12 Constructing cot, worker made part of a circle (6)

13 Male feline gets caught in tuba (7)

14 Flutes surrounding another instrument (4)

15 Spinning machine created cute fringe (10) 

17 Telling family member (8)

18 Secrecy of some bombers (7)

19 Details of his pectorals (4)

21 Argonaut takes gold home first (6)

24 Treatment – that takes me back (10,7)

27 Miniature old basin gets thrown around (6)

29 Air Force has time for simple vessel (4)

30 Everything in grey displayed in exhibition hall (7)

33 Anglo-Saxon prince hating to work with the Spanish (8)

35 Group of children have share of genetic material (10)

36 Old country is different in the morning (4) 

37 Sailor, unaccompanied, finds shell (7)

38 Percussion instrument reportedly has character (6)

40 First appeared to have energy round island (6)

41 Chap takes turn to acquire colour (3)

42 Igloo yet affecting cause of disease (8)

ANSWERS
Solution to crossword in the 

previous issue

96 Vol. 9 Issue 11 



MY LIFE SCIENTIFIC

What do you do? 
I dig up dead people and study their teeth and bones so  

I can work out what their lives were like. 

An archaeologist, eh? How like Indiana Jones are you? 
Indiana Jones and I have different policies on artefact acquisition. 

I go with the systematic, planned scientific excavation and 

generally try to avoid any sort of death trap. The travel and the 

worrying choice of clothing are, however, accurate. Hats are 

critical. I cannot stress how important hats are. 

Ever found a ‘Lost Ark’?
No, but I have found lots of cool stuff. I once found an Aladdin-

style, ceramic lamp on a remote Greek island. At the time, I had 

no idea of its age or origins. I later learned it was a pilgrim’s lamp 

that had been made in the Holy Land during the 6th Century. 

Where have you worked? 
I’ve done archaeological surveys in Greece, which involves 

walking in straight lines for unreasonable amounts of time in 

unreasonable amounts of heat, staring at the ground looking for 

artefacts. I worked on the workers who built the pyramids at Giza. 

I’ve studied the teeth of children who lived in London 500 years 

ago, and I’ve investigated the remains of people who lived in early 

Turkish settlements 10,000 years ago. 

Tell me something clever that you’ve learned…
We’ve made major changes to our species in the 15,000 years 

since humans went from being hunter-gatherers to a settled 

society. Our rapid evolution into an urban species has affected 

our bodies and health. Urban living has led to disease and dental 

decay. Cities created inequality because when you get so many 

people living together, someone always appoints themselves 

manager. City life is killing us. 

Should we ban cities? 
No. Cities create problems but they’re also the place where 

solutions are born. Cities are bastions of progressive thought. I 

live in a city. I’m ‘Team City’. IL
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DR BRENNA HASSETT

Dr Brenna Hassett is an archaeologist. Her book Built On Bones: 15,000 Years 

Of Urban Life And Death

Archaeologist Brenna Hassett talks to Helen Pilcher 
about her adventures, and wonders whether cities 
will be the making – or the death – of us

“Indiana Jones and I have 
different policies on artefact 
acquisition. I try to avoid any 
sort of death trap”

Has your work ever got you in trouble?
I once did an archaeological survey in Thailand. I was walking 

through a banana plantation when I got attacked by fire ants. 

They drop out of the trees, get under your clothes and start biting. 

Shortly after that, I learned it’s inappropriate to run screaming, 

taking off your clothes in front of a Buddhist monastery.

So can anyone do archaeology? 
That’s a great thing about it. Archaeology surfaces any place 

where land is disturbed. Look in the flowerbeds in St James’s 

Park in London, or anywhere people have lived in the last 300 

years, and you’re highly likely to find artefacts, like little clay pipe 

stems. They’re the cigarette butts of the early modern era!

Have you ever trashed a priceless artefact? 
Yes, I have. I was working in Çatalhöyük, a Neolithic village in 

Anatolia. My team was visiting part of the site where a student 

from Istanbul was lovingly excavating a 9,000-year-old plastered 

wall. We had to tread on it to get over it, but when I stepped on it, 

it crumbled to dust… 

97Vol. 9 Issue 11



THE LAST WORD

en years ago this month, an event took 

place in Paris which signalled the start of 

EOTWAWKI. No, it’s not a Maori festival; 

it’s something much less fun: The End Of The World 

As We Know It.

In August 2007, a French investment bank told 

some of its clients they couldn’t get access to 

$1.5bn of their own money. While undoubtedly bad 

news for those involved, it didn’t seem like a huge 

story for the rest of us. But what happened on that 

Thursday afternoon is now widely seen as the start 

of the Global Financial Crisis. 

Over the following year, trillions of dollars of 

wealth evaporated, global financial institutions 

went bust and the world’s economy teetered on 

the brink. The cause was the discovery that vast 

financial bets had been made by banks about the 

health of US housing market. Bets that were 

complex, interconnected and, frankly, stupid. 

And when they started to go wrong, the 

consequences went global – and changed the 

world forever.

Now there’s talk of EOTWAWKI coming 

around again. This time, it’s soaring 

consumer debt that’s prompting concern. 

From car loans to credit cards, levels of 

debt are soaring again.

So, is The End nigh – again? Unlikely. 

Sure, there are lots of pundits predicting 

it, but then there always are. What 

they’ve missed is the fact that we really 

did experience EOTWAWKI in 2007. Not 

the end of the world as in Armageddon, 

but literally the end of the world as we 

used to know it.

Back then, many experts thought it 

was possible to make predictions about, 

say, the US housing market, and make 

bets – and money – accordingly. Some 

even thought they could tell when the 

economy was in trouble. Not any more. 

Now, financial regulators and central 

banks are far more sceptical about 

economic forecasts and the reliability 

of financial models. Most have come 

to accept that another crisis is pretty 

much certain, but that it’s also pretty 

much certain that no one can say with any degree 

of confidence when it will strike.

So, regulators now insist that banks keep a greater 

chunk of their wealth sitting in their vaults for when the 

inevitable happens. They also have to undergo regular 

‘stress tests’ which simulate the impact of severe 

downturns. A close eye is also kept on smart-aleck 

bets of the kind that caused mayhem a decade ago.

None of this is guaranteed to stop a repeat of 

2007, but it does reduce the risk. And when it 

comes to dealing with uncertainty, that’s as good 

as it gets. It’s an attitude that’s gaining traction 

elsewhere – and not before time. After spending 

decades and billions trying to predict natural 

disasters like droughts, storms and earthquakes, 

governments are increasingly focusing on 

identifying the high-risk areas, and taking action 

ahead of time.

Attitudes to global warming are also 

changing. Despite decades of effort, it’s clear 

that climate models still struggle with the 

complexity of predicting the future in detail. 

What is clear is that we can’t carry on the way 

we are, and must act now to reduce the risk 

of disaster. That’s a truth that is recognised 

in the much-maligned Paris climate accord, 

which calls not only for reductions in 

greenhouse emissions, but also efforts to 

adapt to a warmer world.

We may be witnessing a revolution 

in the way humanity deals with the 

inevitable uncertainties of life in a 

complex world. Prediction is giving 

way to adaptation. If so, it’s a case of 

back to the future. Our knuckle-grazing 

ancestors never kidded themselves they 

knew what the future held. They just 

adapted to whatever their gods hurled 

their way, from floods to Ice Ages. It’s 

taken us 10,000 years to realise they 

were right. 

Still, better late than never. 
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Robert Matthews is a visiting professor in 

science at Aston University, Birmingham

ROBERT MATTHEWS ON… 
PREDICTING THE UNPREDICTABLE
IT’S THE END OF THE WORLD AS WE KNOW IT, AGAIN. AND 
I FEEL FINE…

“WE MAY BE 

WITNESSING A 

REVOLUTION IN THE 

WAY HUMANITY 

DEALS WITH 

THE INEVITABLE 

UNCERTAINTIES OF 

LIFE IN A COMPLEX 

WORLD”
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