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   Preface  

  When I was a kid, we used to go on family holidays to the 

Jurassic Coast where dark grey cliff s cast ominous shadows 

on the shingle-smattered beach. It was chilly, wet and 

windy. My brother and I were forced to wear itchy woolly 

hats, high-waisted fl ares and unfl attering cagoules. We 

drank tepid chocolate from a fl imsy Thermos and sat on 

slimy boulders munching biscuits. My parents called it 

 ‘ character building ’  and  ‘ cheaper than a package deal. ’  

I called it  ‘ borderline pneumonia ’ . The sun never shone on 

the UK holidays of my childhood, but there was always a 

chink in the clouds. There was always the possibility that 

one day we might stumble across the remains of some 

prehistoric behemoth. For hidden among the rocks at 

Charmouth in Dorset are the fossilised remains of creatures 

that swam, walked and fl ew 198 million years ago  –  ominous 

pterosaurs,  ‘ Nessie-like ’  plesiosaurs and an armoured 

dinosaur called Scelidosaurus. How much I longed to fi nd 

them. How much I longed to meet them.  

 But holidays came and went, hopes raised and dashed. 

I never found a Scelidosaurus bone or any other fossil for 

that matter. But I never gave up. I kept going back and now 

enjoy subjecting my own three children to the same brand 

of seaside sadism. Endowed with an uncanny fossil-

detecting sixth sense, they are orders of magnitude more 

successful than I ever was. With their sharp  ‘ looky ’  eyes 

and their wilful determination, they brave the elements 

to eat ice cream on the coldest of days and fi nd fossils by 

the  bucket load. More satisfying than any shop-bought 

souvenir, these fossils are a constant source of joy and 

wonder. They ’ re also free, and apart from the ones found in 

China, are not made in China. My kids have collected 

hundreds of fossils but somehow the enigma of this 
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PREFACE 9

prehistoric world keeps pulling us back, looking for another 

fi x, prompting us to ask questions such as:  ‘ What were 

these creatures really like? Could a human beat a  T. rex  at 

arm wrestling? ’  and  ‘ Can we bring them back to life? ’   

 This is a book, not about arm wrestling, but about 

whether or not we really can bring extinct species back to 

life. It is the story of the scientists who are working to make 

it happen. It ’ s about their ingenuity and dogged persistence; 

their reassuringly thick skin in the face of sceptics and 

critics who say de-extinction either can ’ t or shouldn ’ t be 

done. It ’ s also the story of the animals they seek to resurrect; 

extinct species that once graced our Earth but that had 

been presumed lost forever. This book is not designed to be 

an exhaustive review of current de-extinction projects. 

Instead, I have unashamedly chosen to feature the species 

and projects that interest me most. Apologies to the world ’ s 

ugly animals and to plants  –  you don ’ t get much of a look 

in. The book starts in the late Cretaceous period, 65 million 

years ago, from whence controversial claims for the 

existence of ancient biomolecules in dinosaur bones have 

been made, and fi nishes in the future, where de-extinction 

could help to enhance biodiversity. En route, it detours via 

Siberia in the last Ice Age, Mauritius in the seventeenth 

century and Graceland in the 1970s.  

 In my time I have been a bone fi de scientist, comedy 

performer and serious science journalist. I have a lifetime 

love of fossils and quirky animals, and am a dab hand at 

growing cells in dishes and tinkering with their DNA. 

When  I fi rst read about de-extinction a few years back, 

I was upset; not because I thought science had spiralled out 

of control, but because I wondered whether, if I had only 

pursued my scientifi c career, I could have had a pet dodo by 

now. It ’ s because of these interests that I fi nd myself drawn 

to de-extinction like a moth to a brightly lit window. 

An  ex-scientist turned professional science writer, I now 

fi nd myself on the outside of the laboratory looking in, 

watching as brilliant scientists push the boundaries of human 
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10 BRING BACK THE KING

knowledge and redefi ne what is possible. De-extinction, 

I hope to persuade you, is not something to be feared or 

resisted. It ’ s a force for good, not a tool of the dark side. 

 Oh, and I did I mention that there is a chapter about 

de-extincting Elvis Presley? Now, the quick-witted among 

you will all too readily point out that Elvis is not technically 

extinct, to which I say,  ‘ technically ’  you are correct but 

 ‘ my book, my rules! ’  Extinct? Dead? Does Elvis know the 

diff erence? Chew on this; is it  ‘ pedantic ’  or  ‘ pernickety ’ ? 

Fortunately for us, humans are not extinct, but aren ’ t you 

even the slightest bit curious to fi nd out if the same 

technology being used to de-extinct the woolly mammoth 

could be used to stage Presley ’ s greatest ever  ‘ Comeback 

Special ’ ? Tell me, tell me really, you ’ re not even the tiniest 

bit intrigued to fi nd out if Presley could be  ‘ de-extincted ’  

from the DNA in a pickled wart? Just so you know, no one 

is seriously planning to clone the King of Rock  ‘ n ’  Roll, so 

the Elvis chapter is my whim, my folly, but it makes for an 

interesting thought experiment and it begs the question, 

 ‘ Are you clonesome tonight? ’       
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    I N T RO D U C T I O N

Bringin ’  It Back 

   ‘ High on a hill was a lonely goat-oh, 

  Lay ee odl lay ee odl lay  hee  hoo.  

 Lived on a mountain, very remote-oh, 

  Lay ee odl lay ee odl-oo . 

 Spent every moment, happy and free-oh, 

  Lay ee odl lay ee odl lay  hee  hoo.  

 Then she got killed by a falling tree-oh, 

  Lay ee odl lay ee odl-oo . ’   

  …  so goes the song of the last ever bucardo, a wild mountain 

goat called Celia, who lived and died on the vertiginous 

cliff s of the Spanish Pyrenees. It was 6 January 2000. Just as 

people were taking down their Christmas decorations and 
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12 BRING BACK THE KING

recovering from millennium-sized hangovers, the stocky 

bleater was doing what mountain goats do best: springing 

deftly from boulder to boulder without a care in the world. 

An adult female in the prime of her life, Celia was a fi ne-

looking beast. She had large curvy horns, the obligatory 

goatee beard and that permanent look of surprise that 

comes from wearing your eyes on the side of your head. 

Bigger than the average goat, Celia weighed as much as a 

washing machine, but was much more agile. She spent her 

days darting among the lanky pine trees that cling perilously 

to the precipices, stopping only to nibble the occasional 

blade of grass or cast an imposing silhouette against the 

clear, cloudless sky. But when the tree fell in the forest, did 

Celia hear it? It seems unlikely, but if she did it was already 

too late. The large tree came crashing down without 

warning with the hapless Celia stood directly in its path. 

She never stood a chance. The weighty trunk crushed her 

skull and Celia bleated no more. It was a sad, sad day. The 

very last of her kind, the bucardo went extinct  …  

  …  and that should have been the end of it. Extinction is, 

after all, forever. Game over. The end of the road. Full 

stop …  But for a group of European researchers who had 

other ideas. 

 Ten months earlier, Jos é  Folch from the Centre of Food 

Technology and Research of Arag ó n in Zaragoza, Spain 

and colleagues hatched a plan to future-proof the bucardo 

( Capra pyrenaica pyrenaica ). Fully aware that Celia ’ s days 

were numbered, they reasoned that if they could collect a 

tissue sample from her while she was still alive, then they 

could use her cells to create a clone. In the inevitable event 

of Celia ’ s death, genetic doppelg ä ngers could be created 

and the bucardo brought back to life. 

 It was a bold plan. For the bucardo, it meant a possible 

second chance. But for the world at large, it meant something 

much, much bigger. If Folch ’ s plans worked and the bucardo 

was reborn it would mark a defi ning moment in the history 

of the Earth; an end to the fi nality of extinction. 
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BRINGIN’ IT  BACK 13

 First the researchers had to capture the feisty female, so 

they set up traps on the cliff s where she lived then retreated 

to watch the scene unfold. It was only a matter of time 

before the inquisitive creature trotted into the big iron box 

and the trap door sprung shut behind her. Ready and 

waiting, the team scrambled up the mountain and peered 

inside, where they found an unharmed if slightly 

bamboozled Celia wondering what was going on and who 

had switched the lights off . Under general anaesthesia * , the 

scientists then removed two tiny samples of skin  –  one from 

Celia ’ s left ear and one from her fl ank  –  and fi tted her with 

a radio tracking collar so that they could follow her 

movements after she was released. Then, when the animal 

came round and they were satisfi ed she was alert and well, 

they let her go. 

 Celia ’ s biopsied cells, in the meantime, were making the 

journey of a lifetime. Stored carefully inside tiny tubes, the 

samples were being driven away from the precarious cliff s. 

 ‘ The cells were so precious that we couldn ’ t take any 

chances with them, ’  says veterinarian Alberto Fern á ndez-

 Á rias † , who helped coordinate the escapade,  ‘ so we put 

separate samples in two diff erent cars and had them driven 

to two diff erent labs. That way if one car had an accident, 

some of the cells would still make it. ’  Fortunately, for the 

cells and the drivers, the journeys passed without event. In 

the laboratories, biologists grew the bucardo ’ s cells in petri 

dishes to boost their numbers, then froze them carefully in 

tiny protective vials so that they could be revived and used 

at a later date. The bucardo ’ s fate lay squirreled away in a 

vat of liquid nitrogen. 

 Then in 2002, two years after Celia lost her life to her 

bark-clad nemesis, researchers removed and thawed some of 

   *The bucardo, not the scientists.  
  †It was Fern á ndez-Arias who  gave the last bucardo her name. He 

called her Celia after his girlfriend, whom he has since married. 

Fittingly the pair now have  ‘ kids ’  of their own.  
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14 BRING BACK THE KING

the vials. They went on to perform the same sort of 

experiment that in 1996 had produced Dolly, the world ’ s 

most famous sheep and fi rst ever mammal to be cloned 

from an adult cell. Celia ’ s cells with Celia ’ s DNA were 

injected into goat eggs that had been stripped of their own 

genetic material. After a brief electrical jolt, the reconstituted 

eggs then began to divide. One cell split into two. Two cells 

split into four, and on it went until, a few days later, bigger 

bundles of dividing cells could be seen fl oating around in 

the petri dish. The team had created living bucardo 

embryos, each one a clone of Celia. 

 For their growth to continue, the best embryos were 

then transferred into the waiting wombs of surrogate 

mother goats, who then stoically tried to carry the 

developing animals to term. Most of the pregnancies 

failed, but one plucky surrogate managed to carry her 

cargo until she was fi t to burst. On 30 July 2003, Fern á ndez-

 Á rias and colleagues delivered Celia ’ s clone. A natural 

birth, they all agreed, was out of the question. The 

surrogate wasn ’ t too posh to push; she, and the little clone 

that she carried, were too precious to push. Nothing could 

be left to chance, so the team decided to deliver the kid by 

Caesarean section. And so it was. In a room full of 

researchers wearing surgical gowns and masks, there was 

a sharp intake of breath as Fern á ndez- Á rias helped to 

gently prise the little kid from the surrogate ’ s belly. As he 

held her in his arms he could see how beautiful she was. 

The newborn had tousled, toff ee-coloured fur, wide 

brown eyes and delightfully wobbly legs. Her vital signs 

were good and her heartbeat was strong. The little clone 

seemed perfect. 

 But then, all too quickly, things started to go wrong. 

 ‘ I knew almost as soon as I held her that there was some 

kind of problem, ’  says Fern á ndez-Arias. The little animal 

began struggling for breath and became increasingly 

distressed. Despite every eff ort to save her, the clone died 

just seven minutes after she was born. An autopsy later 
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BRINGIN’ IT  BACK 15

revealed that her lungs were grossly deformed. The poor kid 

never stood a chance. 

 The bucardo, so briefl y back in the world, went extinct 

all over again, giving it the honour not just of being the fi rst 

animal to be brought back from extinction, but the ignominy 

of being the fi rst animal ever to go extinct twice. 

 It ’ s a bittersweet story but one that marks the beginning 

of exciting times. To bring an animal back from extinction 

is a rousing, dogma-smashing whopper of an incredible 

thing. In the entire history of life on Earth, it has simply 

never happened before. So special is the event that it ’ s even 

got its own new word. When an extinct species is brought 

back to life, we say that it has become  ‘ de-extinct ’ . It ’ s a 

clunky word that doesn ’ t exactly roll off  the tongue, but it 

does the job. People had considered alternatives such as  ‘ not 

extinct any more ’  or  ‘ undead ’  but the former was too 

cumbersome and the latter too  ‘ zombie apocalypse ’ , so the 

term  ‘ de-extinction ’  stuck. 

 When the European researchers fi nally went public with 

the story of the clone ’ s creation, through a 2009 peer-

reviewed paper in an academic journal, reactions were 

guarded.  ‘ Cloned goat dies after attempt to bring animal 

back from extinction, ’  ran an online headline in the UK ’ s 

 Independent  newspaper. Media reports seemed to focus on 

how close the team had come to its goal, rather than celebrate 

what was a remarkable scientifi c journey. Although the little 

bucardo ’ s life was short, that she was born at all is an immense 

achievement that refl ects the hard work, scientifi c excellence 

and extraordinary vision of the scientists who created her. 

Sure, the researchers were disappointed that she didn ’ t live 

longer, but then cloning has never been an exact science, 

and cloning an extinct species  …  well, that had simply never 

been done before.  ‘ What we did was a very important 

scientifi c step, ’  says Fern á ndez-Arias, and the only thing 

standing between him and a healthy bucardo clone is 

funding and time.  ‘ From a practical point of view, I think 

bringing back the bucardo is entirely possible, ’  he says. 
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16 BRING BACK THE KING

 A few years on and few people seem to have heard about 

Celia ’ s clone, of the bucardo so briefl y brought back from 

the dead. But the bucardo is not the only extinct animal to 

have been resurrected. In 2012, Australian researchers 

briefl y de-extincted an amphibian they dubbed  ‘ the Lazarus 

frog ’  ( Rheobatrachus silus ), an unusual creature with one hell 

of a party trick (to fi nd out what it was, you ’ ll have to read 

  Chapter 5  ). And as time and technology come to pass, more 

animals will follow. The goal is that these de-extincted 

creatures will go on to live long and healthy lives, that 

they ’ ll breed normally, live in the wild and be able to 

recreate entire populations of animals that once were lost. 

Extinct animals, some scientists would have us believe, 

could once more fi nd a home in today ’ s world. 

 Currently there are around half a dozen ongoing projects 

around the globe, all trying to de-extinct diff erent animals. 

In Australia, work on the Lazarus frog continues. In the 

United States, scientists are working to bring back the 

passenger pigeon ( Ectopistes migratorius ), an athletic, rosy-

breasted bird that once fl ocked in the billions, and the 

heath hen ( Tympanuchus cupido cupido ), a stumpy avian 

wallfl ower that once lived in the scrubby heathlands of 

North America. In the United Kingdom, scientists are 

mooting whether or not to bring back the so-called 

 ‘ penguin of the north ’ , the Great Auk ( Pinguinus impennis ), 

while in South Africa, they ’ re trying to revive the quagga 

( Equus quagga quagga ), a bizarre stripy equine that can score 

you 17 in the game of Scrabble. In Europe, they ’ re trying 

to recreate the forefather of modern cattle, the intimidatingly 

big-horned auroch ( Bos primigenius ). Meanwhile, in South 

Korea, Japan and the United States, three separate teams of 

scientists are trying to de-extinct that most iconic of beasts, 

the woolly mammoth ( Mammuthus primigenius ). 

 Exactly how researchers decide to revive  ‘ this ’  or  ‘ that ’  

species depends on the species in question and what we 

have left of it. Some projects, where similar, closely related 

species are still alive, are using fancy breeding. The TaurOs 
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BRINGIN’ IT  BACK 17

Project in the Netherlands, for example, is cross breeding 

diff erent breeds of living cattle to create something that 

looks like an auroch. Some, like the ones that aim to 

resurrect the bucardo and the Lazarus frog, are using 

cloning. Others, like the passenger pigeon project, involve 

some rather elegant genetics. But they all boil down to the 

same magic, raw ingredient. Three little letters. DNA. 

   Genetti Spaghetti 

  DNA, or deoxyribonucleic acid, to give it its right and 

proper name, is a famously twisted molecule. On decoding 

its helical structure in 1953, Cambridge University biologists 

Francis Crick and James Watson did what all Englishmen 

do after a good day at work. They went to the pub, where 

Crick uttered arguably the fi nest piece of pub banter ever 

spoken; not  ‘ it ’ s your round ’ , or  ‘ can I have nuts with that? ’ , 

but Crick said that they had  ‘ found the secret of life. ’  It was 

a beautifully simple and eloquent summation of a brilliant, 

game-changing piece of science. DNA is the secret of life 

because it contains the instructions needed to create life, 

and a full set of instructions can be found in almost every 

single cell in our bodies in a membrane-bound blob called 

the nucleus. This biological Haynes Manual is called the 

genome. Your genome is unique to you. You acquired it 

from your mother and father the minute their egg and 

sperm met, melded and began to divide. The genome of 

the dodo is the full set of instructions for making a dodo, 

while the genome of a  Triceratops  is the full set of instructions 

for making a  Triceratops . You get the picture. Each species 

has its own, unique genetic code and that code helps 

determine the way each living thing develops and grows. 

Our genomes infl uence the way we look, the way we age, 

even sometimes the diseases to which we succumb. So 

given its importance, it ’ s disappointing to note that, out of 

all of the billions of species that have ever lived, the vast 

majority have either lacked the foresight or simply couldn ’ t 
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18 BRING BACK THE KING

be bothered to decipher the instructions for making their 

own kind. Even endangered species, such as pandas and 

pangolins, who arguably should know better, have failed to 

take an interest. Human beings are the only species ever to 

have decoded their own genome. 

 Fortunately for the de-extinction cause, us humans are 

pretty good at retrieving DNA from other animals. We 

have selfl essly decoded the genomes of many other species 

and what we have found is this: given the complexity it 

encodes, DNA is a pretty basic molecule, shaped like a 

long, tiny, twisted ladder. The rungs of the ladder are made 

from pairs of chemical groups called nucleotides. There are 

just four diff erent nucleotides: cytosine (C ), guanine (G), 

adenine (A) and thymine (T), which in this book I 

sometimes refer to as  ‘ letters ’ . The letters always pair up in 

a particular way. C always goes with G, and A always goes 

with T. It sounds simple, but the average genome is many 

millions of  ‘ rungs ’  long with diff ering amounts of Cs, Gs, 

As and Ts all arranged in diff erent orders. The human 

genome, for example, which is both big and clever, contains 

a whopping 3.2 billion pairs of nucleotides. 

 The average 400g (14oz) tin of Alphabetti Spaghetti 

contains 230 letters * , all added, the manufacturers tell me, 

in such a way that a representative number of each of the 26 

letters of the alphabet can be found inside every can. But 

suppose they made some tins containing only Cs, Gs, As 

and Ts and called it Genetti Spaghetti † . They ’ d have to 

produce 14 million 400g (14oz) cans to make just one 

human genome. If all of the tins were opened and the pasta 

shapes laid out in a straight line, they would reach all the 

way from London to New York. The order that the letters 

come is called a  ‘ sequence ’  and the act of reading them is 

  *I know this because I had to pay my children to count them.  
  †I asked them if they would and disappointingly got nowhere! 

Neither were they interested in my husband ’ s idea for  ‘ Baked 

Genes ’ .  
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BRINGIN’ IT  BACK 19

known as  ‘ sequencing ’ . Both are terms that I use in this 

book, so don ’ t be frightened of them, just think pasta. 

 Real DNA letters are, of course, far smaller and less 

fi lling than their sauce-covered alternative. Forget 

straddling the North Atlantic; if you laid out all the 

nucleotides found inside a single one of your cells, this time 

the line would just about straddle a stream. Just as spaghetti 

has to be packed into cans to make it more manageable, so 

too the DNA inside our cells is bundled into discrete units 

called chromosomes, of which we have 23 pairs. Dotted 

along these chromosomes are sequences called genes. Genes 

are important because they carry the instructions for 

making proteins, and proteins are important because they 

are an essential part of living things. I ’ ll mention genes 

again, but don ’ t panic, think pasta. 

 For as long as DNA lasts in any meaningful quantity, we 

can reach back in time and reveal its secrets. That means 

that scientists can extract and study DNA not just from 

living or recently deceased animals but also from creatures 

that died a long time ago. Museums, we now realise, are a 

treasure trove, not just of stuff ed, boss-eyed specimens but 

also of DNA that can be extracted from them and used for 

research. Pickled animals in jars and stuff ed specimens on 

shelves can be mined for the genetic information they still 

contain. Even fossils, sometimes, can be fair game. Ancient 

DNA has successfully been retrieved from fossil bones, 

teeth and toenails. It ’ s been prised from elderly eggshells, 

feathers and, rather joyfully, from fossil poo. Today, the 

study of ancient DNA is helping to shed light on everything 

from domestication of the dog to the sexual preferences of 

our distant ancestors. 

 For the most part, scientists who study ancient DNA do 

so not because they want to de-extinct animals, but because 

they want to understand how life evolves and changes. 

De-extinction, some argue, is a distraction, a media-driven 

obsession that has little place in a respectable ancient DNA 

laboratory. But times are changing. Respectable scientists 
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20 BRING BACK THE KING

 are  interested in de-extinction. Through interdisciplinary 

research, it ’ s now possible to marry the secrets of ancient 

DNA with cutting edge genetic technology; in eff ect, to 

cut and paste the ancient DNA of animals long gone into 

the modern DNA of creatures still with us. Journalists, 

myself included, may well seem to be obsessed with 

de-extinction, but for good reason. Who among us would 

fail to be inspired by a living, breathing woolly mammoth 

if such a spectacle were possible?  

   Jurassic Spark 

  Like many people, my fi rst encounter with de-extinction 

was when I went to see  Jurassic Park  at the cinema. 

I remember sitting in the dark, nervously nibbling popcorn 

and being alarmed that door-opening dinosaurs might 

already exist in some scenic island hideaway. Suddenly the 

rain-soaked British summer holidays of my childhood 

seemed quite appealing  –  familiar and mundane but safe 

and velociraptor-free.  ‘ That fi lm ’  has a lot to answer for. 

If you ’ re feeling uneasy with the idea of bringing extinct 

creatures back to life, then perhaps your preconceptions 

(which I hope to challenge later) are in no small part due to 

the disaster fest that is  Jurassic Park . 

 Based on Michael Crichton ’ s novel of the same name, 

Steven Spielberg ’ s fi lm imagined a wildlife park chock-full 

of de-extinct dinosaurs. But these were clever, ethical beasts. 

They instinctively knew to eat the corrupt computer 

programmer and the sleazy lawyer, but spare the innocent 

children. When the power fails, the dinosaurs run amok, 

totalling jeeps, ambushing lavatories and generally causing 

havoc. It ’ s a brilliant, hugely popular fi lm that has spawned 

sequel after sequel and grossed hundreds of millions of dollars 

worldwide. But it doesn ’ t exactly inspire confi dence in the 

concept of de-extinction or, for that matter, in science itself. 

 In the fi lm, computer programmer Dennis Nedry 

(played by Wayne Knight) steals and sells dinosaur embryos 
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to a corporate rival, while the park ’ s creator, John 

Hammond (Richard Attenborough), is on the one hand a 

twinkly eyed grandfather, and on the other a money-

grabbing fat cat who does his science in secret and who 

only shares his discoveries after his theme park is set up and 

fully stocked with merchandise. It ’ s not a good analogy for 

the way science works. But scientists  –  good, honest 

respectable ones whose research is transparent, publicly 

accessible and regulated by the most stringent ethical codes 

 –  have been thinking about de-extinction since way before 

 Jurassic Park . 

 In 1980, entomologist George Poinar from the University 

of California at Berkeley found himself marvelling at an 

unusual piece of Baltic amber. In the course of his research, 

studying insects and their parasites, Poinar had travelled the 

world collecting creatures whose lives were cut short when 

they became trapped in the sticky oozings of ancient trees. 

Over time the tree resin hardened into amber with the 

hapless animals imprisoned inside and then, amazingly, 

many millions of years later, the golden nuggets of 

prehistoric life were found, each one a gilded window into 

the past. In his time, Poinar has come across some 

remarkable specimens  –  worker ants carrying food, bees 

smothered in pollen and fl ies whose fi nal throes were in 

 fl agrante delicto   –  all perfectly preserved inside their amber 

tombs. Or so it seemed. When Poinar looked at his amber-

entombed insects close up, sliced into thin sections under a 

microscope, the insects ’  bodily tissues were always in poor 

shape. What looked good from the outside was a bitty, 

disappointing mess on the inside. But then he came across 

one fl y that defi ed expectation. At fi rst glance, the tiny 

gnat was nothing out of the ordinary. It hadn ’ t been doing 

anything special, diff erent or X-rated when it died. But 

when microscopist Roberta Hess looked at it under the 

microscope she saw a level of detail never seen before in an 

animal of this age. Remarkably, after 40 million years 

trapped in amber, some of the fl y ’ s cells were still intact. 
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Inside them Hess could even make out tiny specialised 

structures that would have helped the living cells to 

function. There were energy-generating structures called 

mitochondria and protein-making factories called 

ribosomes. But best of all, there were nuclei, the 

DNA-containing control centres of the cells. Hess left a 

one-word note on Poinar ’ s offi  ce door. It read,  ‘ Success! ’  

Two years later, they published their fi ndings in the 

prestigious journal  Science . 

 It ’ s worth, for a moment, just pausing to consider the 

scientist ’ s exuberance. To that point, no one had ever gazed 

inside the intact cells of a million-year-old creature before. 

The level of detail was exquisite, but it was the nuclei that 

really got everyone excited. Hess and Poinar ’ s discovery 

raised a provocative question. If the fl y cells still contained 

nuclei, perhaps scientists would be able to tease DNA from 

it, and from that learn about ancient genes, evolution and 

the history of life on Earth. 

 But some scientists were prepared to speculate even 

further. Poinar ’ s paper caught the vigilant eye of a secretive 

cabal of scientists and clinicians in Bozeman, Montana, 

who went by the name of the Extinct DNA Study Group. 

Here was a clandestine thinktank that was not afraid to 

think outside the box. They asked Poinar to join and he 

quietly accepted. 

 In the second edition of their  Extinct DNA Newsletter , the 

group ’ s founder, John Tkach, outlined an intriguing 

thought experiment .  What if, many millions of years ago, 

there had been a hungry mosquito that dined on a dinosaur 

then became trapped in amber with its last supper still 

inside its stomach. If one could recover a dinosaur blood 

cell from inside that mosquito and then transplant it into an 

egg that had had its own DNA removed, perhaps it might 

be possible to grow dinosaur cells in culture, or maybe, just 

maybe, it might be possible to grow a dinosaur. 

  ‘ It was a fairly outrageous idea, ’  says virologist Roger 

Avery from the Virginia-Maryland College of Veterinary 
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Medicine, who was a member of the Extinct DNA Study 

Group back in the 1980s.  ‘ None of us took it too seriously. ’  

Although fragments of DNA had been found inside the 

cells of a 40,000-year-old woolly mammoth, the techniques 

needed to extract, analyse and replicate DNA were still 

primitive. Back in the eighties, most thought the recovery 

of ancient DNA from fossils and insects in amber a fool ’ s 

errand. Scientists scoff ed at the idea, so the members of the 

Extinct DNA Study Group kept themselves and their ideas 

very much to themselves. 

 The group never seriously planned to de-extinct a 

dinosaur, but its members did enjoy speculating what might 

be possible. Concerned that dinosaur DNA could become 

contaminated with genetic material from other sources, 

they even wrote to NASA to ask if a clean room might be 

available should someone ever wish to try the experiment. 

NASA ’ s response, if they ever sent one, has become lost in 

the decades that followed and the Extinct DNA Study 

Group dissolved as discretely as it had been formed. But its 

members remain, to my knowledge, some of the fi rst 

scientists ever to speculate on the possibilities of dinosaur 

de-extinction. And if their ideas about dinosaur resurrection 

sound a little familiar, then that ’ s because they are  …  

 Round about the time the Extinct DNA Study Group 

was dreaming of dinosaurs, George Poinar received a 

visitor to his Berkeley laboratory; a tall, gangly man who 

was interested in Poinar ’ s amber-entombed gnat.  ‘ He was 

very pleasant and asked questions about bringing back life 

forms in amber, ’  says Poinar, but when the visitor left, 

Poinar thought little more about him. It was only years 

later when he received a telephone call from someone at 

Universal Studios in Los Angeles telling him he had been 

acknowledged in the back of a book that was about to be 

made into a fi lm, that the penny fi nally dropped. The 

visitor, a young Michael Crichton, had been so convinced 

by the possibilities of Poinar ’ s work that he used it as the 

scientifi c basis for his novel,  Jurassic Park.   
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   It ’ s the End of the World as We Know It 

  Science has now advanced to the point where de-extinction 

is no longer a fantasy, it ’ s a very real possibility, but who or 

what to choose? Well, where to start? Over 99 per cent of 

all the species that have  ever  lived on Earth are no longer 

with us. They are extinct. They ’ ve ceased to be. They have 

expired and gone to meet their maker. Monty Python 

would have a fi eld day. That makes an initial starting list of 

over 4 billion contenders. It ’ s a genuine embarrassment of 

riches, but the reality of the situation is that species come 

and species go. Extinction is an integral part of the story of 

life on Earth. 

 Today, the idea of extinction is widely accepted, but that 

wasn ’ t always the case. In the seventeenth century the 

Archbishop of Armagh, John Ussher, used the Bible to 

work out that the Earth was less than 6,000 years old. 

Specifi cally, he calculated that God had created the world 

on 23 October 4004  bc , a Sunday, when technically he 

should have been resting  …  or going to church. The Earth 

was too young, churchgoers argued, to have experienced 

extinction and God would never let the lifeforms he had so 

painstakingly created go extinct. That would be a waste  …  

like baking a tray of biscuits then feeding them to your 

children. 

 But then fossils made people see the world in a diff erent 

light. In 1796, French naturalist Georges Cuvier presented 

a paper to the French Institute on the fossilised jaw of an 

elephant-like creature he would later describe as the 

mastodon. Critics argued that the bone belonged to a living 

species; that somewhere on this Earth, the enormous 

pachyderms still roamed. But Cuvier had another, more 

controversial explanation. The bone, he said, belonged to a 

creature that no longer existed. It was one of the many 

species on Earth that had gone extinct, wiped out by some 

huge, catastrophic event. The Earth, he argued, goes 

through periods of sudden change where many diff erent 
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species become wiped out at the same time, a concept we 

now know as  ‘ mass extinction ’ . 

 In Victorian times, scientists had bought into the idea of 

extinction, but they thought Cuvier was a bit of a drama 

queen. Instead of the Frenchman ’ s disaster movie scenario, 

most favoured a more subtle brand of extinction, where 

species disappeared slowly, one at a time. There was, they 

argued, simply no evidence for mass extinction. But times 

have changed. We realise now that extinction is happening 

all the time. New species are evolving all the time and 

older ones become extinct if they are out-competed or fail 

to adapt to change. There is a normal background rate of 

extinction, but there are also times when extinction rates 

spike and normal events become rudely interrupted by 

some enormous, life-snuffi  ng cataclysm. In times of mass 

extinction, over half of all species become wiped out. Life 

diminuendos, from a cacophonous roar to the tiniest of 

whimpers. Vast amounts of biodiversity are lost in 

geologically trivial periods of time. Palaeontologist Michael 

Benton from the University of Bristol has likened it to a 

crazed, axe-wielding madman hacking away at the tree of 

life and pruning it to within an inch of its life. 

 We know from the fossil record that there have been at 

least fi ve mass extinctions since complex life evolved half a 

billion years ago. The fi rst one, which wiped out around 

80 per cent of all species some 450 million years ago, was 

caused by an intense ice age and a dramatic fall in sea level. 

The third and most devastating one occurred around 

250 million years ago when global warming and one of the 

biggest volcanic eruptions ever caused 95 per cent of all 

species to die. The fi fth and most famous happened 

65  million years ago when an asteroid slammed into 

Mexico ’ s Yucat á n Peninsula, putting an end to the 

dinosaurs, and three-quarters of all species at the time. 

Extinctions, big ones, happen. 

 So we have a choice. We can accept that extinction is 

part of life, that it is inevitable, that all species, in time, 
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come to pass. That is, after all, the way it ’ s been ever since 

life began. Or we can shake things up and do things 

diff erently. Extinction, Celia ’ s clone has shown us, doesn ’ t 

have to be forever. Species can be reborn. We don ’ t have to 

take extinction sitting down any more. In fact, we don ’ t 

have to take it at all.  

   Dropping Like Flies 

  The fact is that de-extinction could be arriving at exactly 

the time when we need it the most. All around us today, 

species are disappearing quicker than a springbok in a 

speedboat, faster even than a racing pigeon in a rocket. 

A 2014 study in the journal  Science  found that 322 species of 

land-living vertebrates have vanished in the last 500 years 

and that populations of the remaining species are experiencing 

a 25 per cent drop in numbers. Life ’ s not looking peachy for 

the invertebrates, either, with two-thirds of the spineless 

wonders showing a 45 per cent decline in abundance. Even 

cockroaches, fabled for their supposed ability to withstand a 

nuclear holocaust, are struggling.  ‘ These are shockingly 

high fi gures, ’  says biodiversity researcher Ben Collen from 

University College London, who co-authored the study. 

 This isn ’ t the normal background rate of extinction. 

This is something much bigger, much more deadly. 

Depending on who you listen to, we are either on the brink 

of or in the full throes of a sixth mass extinction. All around 

us species, including fl ies, are dropping like fl ies, and many 

more are likely to follow. And do you know what the worst 

of it is? It ’ s all our fault. Mass extinctions have occurred 

before, but they ’ ve never been of our own making. Collen ’ s 

research suggests that current extinction rates are around 

1,000 times higher than during pre-human times, and that 

in the future this fi gure could increase by another whole 

order of magnitude. 

 It all began in Africa around 2 million years ago. Before 

this time, the continent was full of enormous carnivores: 
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huge  ‘ bear otters ’ , sabre-tooth cats and giant bear dogs. But 

then early humans arrived. According to palaeontologist 

Lars Werdelin from the Swedish Museum of Natural 

History in Stockholm, fossil evidence suggests that the 

disappearance of these huge beasts  –  the African megafauna 

 –  coincides with the time when our early ancestors, 

members of the group  Homo , switched from being mainly 

vegetarian to eating more meat. Competition with humans 

for access to prey could be what drove the large carnivores 

to extinction. 

 It ’ s a pattern that repeats itself again and again. Animals 

are living happily. Man turns up. Animals go extinct. In 

the Pleistocene, the geological epoch that lasted from 

2.5 million to 12,000 years ago, the continents were rife 

with their own weird and wonderful megafauna. North 

America had giant sloths and giant condors. Eurasia had its 

cave bears, woolly rhinos and woolly mammoths, while 

Australia had a 2-tonne (2.2-ton) wombat, a giant marsupial 

lion and the biggest kangaroo ever known. 

 Then we arrive on the scene, and it ’ s game over for the 

big mammals. It happened 60,000 years ago in Australia, 

30,000 years ago in Europe and, most recently, 10,000 years 

ago in the Americas. It ’ s an idea that was popularised in the 

late twentieth century by US geoscientist Paul Martin, 

who dubbed the phenomenon the  ‘ blitzkrieg model ’ . And 

it happened on islands, too. After their mainland relatives 

were wiped out around 10,000 years ago, isolated 

populations of mammoths clung on in the tiny Arctic 

islands of Wrangel and St Paul, but then humans turned up 

a few thousand years later and the last of the mammoths 

vanished.  ‘ Timing is the biggest single piece of evidence 

we have for mankind ’ s involvement in the extinction of the 

Pleistocene megafauna, ’  says Ross Barnett from the Natural 

History Museum in Copenhagen, Denmark. The fossil 

record tells it all. 

 In more recent history, there are man-made records to 

back up the devastation we have caused. In the seventeenth 
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century, we sealed the fate of the dodo ( Raphus cucullatus ) 

 –  that big-bummed, bungling caricature of extinction  –  

when we trashed its habitat and boiled its unpleasant 

tasting bones ( see    Chapter 4  ). A hundred years later, we 

saw off  Stellar ’ s sea cow ( Hydrodamalis gigas ), a 9m (29.5ft) 

long marine mammal related to the dugong. The gentle 

giant was discovered in 1741 by German naturalist 

George Willhelm Stellar when his expedition to the 

Russian Far East became stranded on the remote 

Commander Islands. Starving sailors harpooned the 

shallow-grazing plant-eaters with billhooks then 

butchered them on the beach. According to Stellar, the 

beef and blubber tasted like  ‘ the best Holland butter ’ , and 

when the stranded sailors were fi nally rescued, news of 

the taste sensation spread. Future Alaskan-bound 

expeditions stopped off  to sample the sirenian ’ s delights, 

until in 1768, just 27 years after it was fi rst discovered, 

there were no more sea cows left to kill. 

 In the nineteenth century, the great auk, a large fl ightless 

bird that looked like a penguin that had had a nose job, was 

heartlessly hunted to death on the islands of the North 

Atlantic for its feathers, meat and oil. On Funk Island, 

which sounds like a great place for a music festival but isn ’ t, 

great auks were not only plucked alive, they were boiled 

alive on fi res made of  …  oily, fl ammable great auks. The 

last British great auk, caught on the archipelago of Scotland ’ s 

St Kilda in 1844, was inexplicably branded a witch and 

beaten to death. While on the Icelandic isle of Eldey, where 

the fi nal colony lived, the last two great auks were strangled 

and their bodies sold to collectors. That was the end of the 

great auk. 

 Bucardos lived carefree in the Pyrenees for thousands of 

years but then in the nineteenth century, hunters decided 

their curvaceous, spectacular horns would look better 

mounted on walls than on the elegant beasts themselves. 

Celia ’ s kind were hunted relentlessly, so that by 1900, fewer 

than a hundred animals were left in the wild, and although 
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the bucardo subsequently became protected, it was too 

little too late. In 1996, there were just three bucardos left 

alive, and in 1999, there was just Celia. And though we ’ d 

like to believe that we ’ ve learned from the mistakes of our 

forebears, the list goes on today. 

 In Taiwan, logging spelled the end of the Formosan 

clouded leopard ( Neofelis nebulosa brachyuran ), while in the 

Atlantic ’ s Cape Verde islands, the natives ’  desire for skink 

oil and meat sealed the fate of the Cape Verde giant skink 

( Macroscincus coctei ), both declared extinct in 2013. A year 

earlier, international conservation icon Lonesome George, 

superstar of the Gal á pagos Islands and the last Pinta Island 

tortoise, ambled off  this mortal coil at the ripe old age of a 

hundred plus. But the fate of his kind was sealed in the 

eighteenth and nineteenth centuries when passing whalers 

removed over 100,000 of the giant tortoises from the 

archipelago. The original ready meal, live giant tortoises 

were stashed in the ships ’  holds where they could survive 

without food or water for a year or longer. Their bodies 

were a source of meat, while water stored in their neck 

bags and urine were used as drinking water. 

 We may have started out big, wiping out much of the 

ancient megafauna, but today, through our actions, we ’ re 

responsible for the extinction of so many species big and 

small. A 2015 study by ecologist Mark Urban at the 

University of Connecticut suggests that if global warming 

continues on its current trajectory, then the global 

extinction risk will increase from its current value of 

2.8 per cent to 16 per cent. In real terms, that means that 

one in six species on the planet could face extinction due 

to the eff ects of climate change. And biodiversity loss isn ’ t 

just increasing with the changing climate; its rate is actually 

accelerating with every degree the world warms. That 

means that if we carry on the way we are, climate change 

is poised to accelerate extinctions around the world. 

 Inscribed on the information panel outside the former 

enclosure of Lonesome George at the Charles Darwin 
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Research Station in the Gal á pagos National Park are the 

following words: 

   ‘ Whatever happens to this single animal, let him always 

remind us   that the fate of all living things on Earth is in 

human hands. ’   

 We live in the midst of a global wave of human-driven 

biodiversity loss. Conservative estimates suggest that there 

are currently between 5 and 9 million animal species living 

on the planet, but that we lose between 30 and 150 of these 

every day. We think ourselves immune but our time too, 

inevitably, will come to pass. For as long as humans 

continue to acidify the oceans, pump carbon dioxide into 

the atmosphere and warm the planet, we place our world 

and the fate of its inhabitants in mortal danger.  

   What Now, What Next, Where To? 

  It ’ s up to us to decide what happens next. Sure, we should 

protect and conserve what we have, but if extinction is 

part of life on Earth, then perhaps de-extinction can be 

part of the picture too. In 2013, environmentalist Stuart 

Brand and genomics entrepreneur Ryan Phelan organised 

a hugely successful TEDx event all about de-extinction. 

If  you missed it at the time, it ’ s well worth watching 

on YouTube. Under the watchful eye of the world ’ s media, 

the husband and wife  team brought together cell 

biologists,  geneticists, conservationists and ethicists to 

discuss the possibilities, practicalities and potential pitfalls 

of de-extinction. Opinions were as varied as the extinct 

animals themselves, with some arguing passionately in 

favour of the technology, and others arguing vehemently 

against it.  ‘ The idea of the TEDx event, ’  says Phelan,  ‘ was 

to get the public involved, so that they can play a role in 

shaping the debate around de-extinction. ’  It ’ s with a similar 

goal that I write this book. 
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 De-extinction has the potential to profoundly alter the 

way we think about our world. It is fascinating because of 

the possibilities it raises. When I tell friends I am writing 

about the subject, they inevitably ask a variant of the same 

question: namely, can you bring back a  T. rex   …  or 

a  mammoth  …  or a dodo  …  or a Neanderthal  …  or a 

_________ ( insert dead animal of your choice ) back to life. In 

the chapters that follow, I attempt to answer that question, 

and to ponder another. Just because we can bring an animal 

back from de-extinction, does it mean we should? So put 

any preconceptions to one side and think  …  If you could 

bring back just one animal from the past, who or what 

would you choose? 

 It can be anyone or anything from the King of the 

Dinosaurs,  T. rex , to the King of Rock  ‘ n ’  Roll, Elvis 

Presley. But be careful what you wish for  …  
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