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CHAPTER ONE


Extremophiles


In which the author gets his starships in a row, and discovers that the solar system is an oasis, not a desert.


WE COME IN PEACE


On 25 August 2012, the first of our ships reached interstellar space. It was unmanned. Launched three and a half decades earlier, it had skirted Jupiter and Saturn, and was now heading out of the solar system towards Camelopardalis, a little-known constellation close to the Plough. Although clear of the solar wind, it was not quite out of reach of the sun’s gravity, nor would it be for a further thirty millennia. By then it would finally have traversed what is known as the Oort Cloud, a thick outer shell of icy rubble that encases our home star and its eight planets like the flesh around a peach stone. At that point it would be nearly a light year out. Forget the galaxy; even the solar system is unimaginably large.


The ship’s name was Voyager 1, and on board was a message from the people of Earth, encoded on what became known as the ‘Golden Record’. This gold-plated phonographic disc, curated by the distinguished American cosmologist Carl Sagan, spoke on behalf of all humanity. It began with a recorded message from the Secretary-General of the United Nations, Kurt Waldheim. Reading haltingly, with a strong Austrian accent, he made the following statement:






I send greetings on behalf of the people of our planet. We step out of our solar system into the universe seeking only peace and friendship: to teach if we are called upon; to be taught if we are fortunate. We know full well that our planet and all its inhabitants are but a small part of this immense universe that surrounds us and it is with humility and hope that we take this step.








After this greeting came a choir of voices speaking in fifty-five languages:1 everything from Akkadian, the language of ancient Sumer, to Wu, the contemporary Chinese dialect spoken around Shanghai. Some, such as the Japanese, appeared shy: ‘Hello, how are you?’ Others were more forthcoming, such as the Amoy of south-eastern China, who offered: ‘Friends of space, how are you all? Have you eaten yet? Come visit us if you have time.’ The speaker of Ancient Greek, on the other hand, issued a barely concealed threat: ‘Greetings to you all, whoever you are. We come in friendship … to those who are friends.’


These Greetings of Earth were accompanied by twenty-odd Sounds of Earth: among them echoing footsteps, hard rain and a handsaw cutting fresh wood. Over one hundred Scenes of Earth showed images such as a hand being X-rayed, the chemical structure of DNA and a man and a pregnant woman in silhouette. And, finally, there was the Music of Earth, with over twenty of humanity’s finest recordings, including the first movement of Beethoven’s Fifth, Bach’s Well-Tempered Clavier, and ‘Johnny B. Goode’ performed by Chuck Berry.


EARTH LEFT YOU A MESSAGE


That might have the flavour of science fiction – at least, I hope it does as I was trying my hardest – but it is all true. So far as we know, the Golden Record has not yet been intercepted by spacefaring aliens. If it is, what they are to make of it is anyone’s guess. For a start, we have to hope that they aren’t too big. An alien the size of a blue whale might have a hard time getting a needle in the groove, let alone building a hi-fi system for it to play on at the required speed of 16⅔ revolutions per minute. Equally, too small an alien – one the size of a microbe, say – might never realise the Golden Record, or Voyager 1 itself, was even there in the first place.


Next, of course, we have to hope that they share our perception of time. As we shall see in a later chapter, not all animals on Earth do, let alone all aliens. To crows, for example, whose brains have a faster clock, human communication appears slow and deliberate. If ‘alien time’ passes much faster than ‘human time’, the aliens might not realise that human speech contains information; it might simply sound like long, unintelligible groans. To understand human speech, it helps to have a brain that chugs along at human speed.


And while we are on the subject of human speech, we had better hope that any aliens that find the Golden Record have ears, that the frequency range of those ears matches that of our own, and that they themselves communicate using vocalisations. On a deeper level, we had better hope that the concepts expressed in our messages – things like ‘peace’ and ‘space’ and ‘time’ – have equivalents within their own language, or languages. And on an even deeper level, we hope they share the concept of a ‘message’ within their culture, and don’t just fire it straight back again.


It doesn’t end there. To be able to see the instructions on the case of the Golden Record, detailing how the information inside is to be decoded, the aliens had better be able to see, and their vision had better be attuned to the same range of the electromagnetic spectrum as our own eyes. Again we can see from life forms on Earth that this is not a given. A race of superintelligent bats, for example, might see the Golden Record as nothing more than a metallic Frisbee. A community of superintelligent bacteria might just see it as a snack.


And, most importantly of all, we had better hope that the aliens have a good understanding of human culture. If they don’t, they are going to have a hard time figuring out what we were up to. When storage capacity must have been so precious, why include so many greetings? Why are genitals shown in some of the drawings of humans, but not in others? What’s the music for? Who are these people, and what the hell are they trying to tell us?


In short, we had better hope that the aliens are just like us.


LOVING THE ALIEN


Is there any question more fascinating than whether or not we are alone in the universe? The faint, ghostly light of the Milky Way is the glow of billions of stars. Is it really possible that Earth is the only habitable planet among them, and that we are the only intelligent species? And if there is intelligent life out there, might we be able to communicate with it?


The Ancient Greeks certainly thought we might. Epicurus, for example, one of the founding fathers of modern science, stated around 300 BC that ‘other worlds, with plants and other living things, some of them similar and some of them different from ours, must exist’. Newton was also onside, as is plain from an appendix he added to his famous treatise on mechanics and gravitation, the Principia:






This most beautiful System of the Sun, Planets, and Comets, could only proceed from the counsel and dominion of an intelligent and powerful being. And if the fixed Stars are the centers of other like systems, these, being form’d by the like wise counsel, must be all subject to the dominion of One.








Aliens are everywhere. They can be angels come to warn us of the follies of nuclear war or they can be demons that abduct us to carry out bizarre sexual experiments. Their shape changes, from the angry Little Green Men of the first half of the twentieth century to the placid Greys of the present day. They visit us in flying saucers, speak to us telepathically, or appear as strange lights in the sky. Yet so far as we can determine, all this is a product of our imaginations. Much as we might wish it were otherwise, there is no compelling evidence that intelligent, technologically advanced aliens have ever visited Earth.


But before you throw this book down in a pique of anti-scientific disgust and head for the Mind, Body and Spirit section, stop. Because as is so often the case, the real science is so much more interesting than the non-scientific stuff. While alien autopsies grab the headlines, thousands of scientists – real, hardworking, peer-reviewed, genuinely qualified scientists – are slowly inching closer to the real thing. And trust me: if we do manage to make contact with an alien intelligence, those stories about flying saucers and pervy Little Green Men are going to seem very man-made indeed.


The plain truth is that the last few years have seen something of a sea change in the way we view life in the cosmos. Thanks to NASA’s recent Kepler mission, we have discovered that planets like ours are common throughout the galaxy. We also know that life got started on Earth very early in its history, and that it thrives in some incredibly extreme environments. As our probes and manned missions venture out into the solar system, and we image Earth-like planets with ever-increasing accuracy, our first encounter with alien life is rapidly approaching.


Most scientists expect that encounter will take place via a telescope, and that the life in question will be in the form of single-celled organisms so small that they would be invisible to the naked eye. A second, slightly more remote possibility is that microscopic organisms will be found on an icy moon within our own solar system, or even living cheek by jowl with us right here on Earth. And if single-celled life is as widespread as we currently believe, complex intelligent life won’t be far behind.2 Just how far behind is the subject of this book.


Thrillingly, it turns out that life on Earth can teach us a surprising amount about life on other planets. Complex life, as we shall see, is rarer than single-celled life; exactly how much rarer is a subject of an intense but increasingly well-informed debate. Intelligence, as we shall shortly discover, is not unique to humans; in fact we share it with at least half a dozen other species, and maybe more. Some of those other intelligent species even have language, and decoding it may be an important first step towards communicating with extraterrestrials.


Forget science fiction. You are living through one of the most extraordinary revolutions in the history of science; the emergent belief of a generation of physicists, biologists and chemists that we are not alone. Our journey to understand how this revolution has come about will lead us through some ravishingly beautiful science, and hint at answers to some truly deep existential questions. All of what follows is accessible if you have an open mind; in fact, a creative bent will be as valuable as a scientific one, because this subject goes right to the heart of what it means to be human.


Before we get started, here’s the briefest of guides to the journey ahead. These three opening chapters will give us an overview of the hunt for extraterrestrials to date, UFO crazes included, and try to answer the question of why the Search for Extra-Terrestrial Intelligence, or SETI as it is known, has gone from pariah to pontiff in less than a decade. In the meat of the book, we’ll get a handle on what our latest studies of life on Earth can tell us about the possibilities for ‘life-as-we-know-it’ and ‘life-as-we-don’t’: in other words, the chances of finding intelligent extraterrestrial organisms that are based on carbon, and those made of something else entirely. Finally, we’ll look at how we might decode an alien message, should we be lucky enough to receive one, and what kind of messages – if any – we should be sending in return.


If our science is right, within the next decade we will have hard evidence that there are other living things out there in the universe. As we shall see, it’s an outside bet, but if we are very lucky, some of those living things will have been just at the right stage of development at just the right time to have sent us a message that we are capable of understanding. Some of those messages might be travelling through you right now, as you read this book. If you are at all interested in how we might intercept them, and what they might say, read on …


CALLING OCCUPANTS OF INTERPLANETARY CRAFT


As a child of the Space Age, I have always been fascinated by the idea of life beyond Earth. Born in 1966, I was three and a half when Apollo 11 landed on the Moon, and although I was too small to stay up and watch the live broadcast, I clearly remember the bulletins that swamped the news the following day. Even now, as I watch the footage of Neil Armstrong stepping down from the lunar module, I feel the same exquisite mix of elation and disappointment. Elation, of course, because such an extraordinary thing is possible. And disappointment that an enormous multicoloured tentacle didn’t reach out from behind a rock and give him a high five.


There was enough novelty in the Moon landings for my contemporaries and me to overlook the absence of aliens; the bizarre effects of low gravity and no atmosphere were more than enough to be going on with. Looking back, it’s almost comical how little science is going on in those first few Apollo missions. If you ever doubt that humans are descended from chimps, just watch a few weightless astronauts turning somersaults and attempting to have a tea party as they while away the hours on their three-day journey. To me now, all that hyperactivity seems like an attempt to distract the watching billions from one disquieting central fact: the Moon is about as dead as it is possible to be.


It didn’t help that kids of my age had high expectations that we might meet aliens within our lifetime. For a start, we had inherited a vault of alien-invasion Golden Age science fiction, such as Ray Bradbury’s The Martian Chronicles and John Wyndham’s The Kraken Wakes. Most often in these stories, aliens were out there in the darkness, watching. Mankind had ascended the throne of Technology, and it was high time we were usurped. The conventional wisdom is that these chilling stories were a manifestation of the Cold War and the threat of Soviet attack, but if you ask me there was another equally important inspiration: the birth of broadcasting.


Radio had come first, with Marconi claiming the first transatlantic radio communication in 1901, and international broadcasts playing an important part in Germany’s propaganda machine in the run-up to the Second World War. Television followed soon after, dominating by the late 1940s. Both media were blasted out by giant transmitters that sent just as much signal out into the cosmos as they did to the horizon. By 1950, when Ray Bradbury published The Martian Chronicles, somewhere lodged within the collective unconscious was the idea that if there were technologically advanced aliens on our neighbouring planets, they knew exactly where we were and what we were up to.


Both radio and television signals, of course, are carried by electromagnetic waves, which travel at the speed of light.3 That leaves us with a disquieting thought. Those signals, and all of those broadcast since, have been billowing away from Earth for the best part of seventy years. There are now hundreds of star systems within range of our TV and radio signals, not just the dozen or so that would have been in range in 1950. Maybe aliens are on their way right now, enraged by the unsatisfactory ending of Twin Peaks.4


For me, this story was told best by Carl Sagan. At the beginning of Contact, the 1997 movie based on his book of the same name, the camera surfs the spreading wave of talk shows, news bulletins and popular music as it leaves Earth and makes its way out into the galaxy. As we gather pace, we catch up with earlier and earlier broadcasts. To begin with, we hear thrash metal and the Spice Girls. Further out, we pass Madonna, then the theme from the first Star Wars movie, then, further on still, we overtake Neil Armstrong’s ‘giant leap for mankind’. Finally, with the Milky Way Galaxy receding into the distance, we hear the announcer of The Maxwell House Good News of 1939, then Morse code, then silence.


FROM RUSSIA WITH LOVE


But I’m getting ahead of myself. The point is that even as recently as the 1960s, many distinguished scientists believed there might be technologically advanced alien societies within our very own solar system, let alone the galaxy. We have sent surprisingly few radio messages specifically with the intention of making contact with aliens, and the very first, the so-called Mir Message, targeted Venus. Composed in Morse code, and transmitted on 19 November 1962 from a radar dish in Ukraine, it said simply ‘MIR, LENIN, SSSR’. In case you are wondering, Mir is Russian for ‘peace’ and SSSR was the Russian acronym for the Soviet Union. Again, full marks to the Venutian who worked that out.


But I’m here to tell you that as the 1970s wore on, and our knowledge of the solar system increased, this optimism waned. Apollo was cancelled, as was its follow-up, Orion, which aimed to put men on Mars. Instead we switched our attention to unmanned missions, launching a series of robotic probes. By 1972, the Russians had managed to land Venera 7 on Venus, and we knew for sure that not only was the surface temperature a face melting 500°C, but its carbon dioxide atmosphere was so thick the air pressure was more than ninety times that of Earth. Three years later, Venera 9 sent the first black and white photos of the Venusian skyline. It looked like an abandoned slate quarry.


It got worse. NASA’s Mariner 10 made a fly-by of Mercury, the closest planet to the Sun, in 1973. Whereas Venus is practically a twin of the Earth, Mercury is just a little larger than the Moon. As you might expect, it turned out to have no atmosphere, and was pock-marked with craters, indicating that, like the Moon, its core was cold.5 Less expected was that, unlike the Moon, it had a weak magnetic field, partially shielding it from the solar wind, but with surface temperatures that regularly shot up to 400°C it was not the kind of place you’d want to call home.6


By the time Viking landed on Mars, I was ten. That really was a blow. Mercury, Venus and the Moon looked inert, even from Earth, but Mars was different. It was red, the colour of iron, earth and life. When the camera powered up, would a herd of bouffant-haired crabs scuttle for cover? Sadly not. The Red Planet did have a thin atmosphere, so there was a sort of pinkish daylight, but as far as habitability went, that was about it. Mars was a desert.


VOYAGER’S REST


For me, the final nail in the coffin came with the Voyager missions. Throughout the 1980s, wondrously depressing photos emerged as these twin probes flew past first Jupiter and Saturn, with Voyager 2, then continued further, past Uranus and Neptune. Beautiful as each of these four giant balls of gas was, with no solid rock and no liquid water, how could life ever take hold?


We had higher hopes for their rocky moons, but they too were cruelly dashed. The Galilean moons of Jupiter – Io, Europa, Ganymede and Callisto – ranged in size between the Moon and Mercury, and were every bit as barren. There were a couple of surprises. Io had active volcanoes, busy spewing sulphurous gases, and Europa was as smooth as a billiard ball, but that was about it. With no atmosphere, out in the freezing boondocks of the solar system they were a biological non-starter.7


With the Jovian moons out of the running, attention turned to Saturn. One of the main objectives of the Voyager mission was to investigate Titan, thought at the time to be the largest moon in the solar system.8 Voyager 1 plotted a course a mere 6km from its surface, but saw only an impenetrable haze. That meant Titan, unique among moons, had an atmosphere, but it also meant we had no idea what was going on underneath. It seemed pointless for Voyager 2 to follow up, so instead it was diverted to take a look at Uranus and Neptune. On its way, it managed to grab a photo of another Saturnian moon, Enceladus, which appeared to be a lump of solid water ice.9


If the moons of Jupiter and Saturn are chilly, those of Uranus and Neptune are bone-numbing. In January 1986, Voyager 2 made it to Miranda, a tiny world less than a seventh of the size of our own Moon, with an average surface temperature of –210°C. It had a truly bizarre surface, made up of a patchwork of cratered and smooth sections, leading some to dub it ‘Frankenstein’s Moon’. Either Miranda had been smashed and hastily reassembled following an impact, or somehow the gravitational pull from Uranus was warming its interior, giving it the icy equivalent of plate tectonics.10


Finally, in the summer of 1989, Voyager 2 made it to Triton, by far the largest of Neptune’s fourteen moons and three-quarters the size of our own satellite. Like Miranda, Triton was truly alien, and not in a good way. Even its orbit was peculiar. As you may know, the planets and their moons all tend to spin and orbit in the same direction; anticlockwise if you are looking down on the solar system from above. Not so Triton, which orbits Neptune clockwise, betraying the fact that it isn’t a homegrown moon, and was most likely kidnapped from the band of icy rubble outside Neptune’s orbit known as the Kuiper Belt. Although small in comparison to Earth, Triton was geologically active with very few craters, and had a surface made of solid nitrogen. Unsurprisingly, it was also one of the coldest places in the solar system, with a temperature of –240°C.


And that was about it. In the 1950s, we had dreamt of battling angry expat Martians and being seduced by blonde-haired Venusians in a tropical paradise. By the end of the 1980s, it was painfully clear that we were going home from the party on our own. Summing it all up was the image Voyager 1 took on 14 February 1990, as it looked back at the solar system from an orbit halfway through the Kuiper Belt. In a vast expanse of lifeless black, Earth appeared as a single fragile pixel; what Carl Sagan famously called the ‘pale blue dot’. His words are so well turned they are worth repeating.






The Earth is the only world known, so far, to harbor life. There is nowhere else, at least in the near future, to which our species could migrate. Visit, yes. Settle, not yet. Like it or not, for the moment, the Earth is where we make our stand. It has been said that astronomy is a humbling and character-building experience. There is perhaps no better demonstration of the folly of human conceits than this distant image of our tiny world. To me, it underscores our responsibility to deal more kindly with one another and to preserve and cherish the pale blue dot, the only home we’ve ever known.








TRAINING THE BEAGLE


The Space Age, which had begun with such optimism, had ended on a cosmic downer. We were alone. Commerce, not exploration, became the driving force behind space science, and the satellite industry boomed. Public interest in space waned, and at one or two dinner parties in north London which I had the misfortune to attend during the early noughties, intelligent and educated people expressed doubt that we had landed on the Moon at all. Internet rumours suggested that mankind’s greatest achievement had been a US government hoax, staged in a movie studio by Stanley Kubrick and shot with TV cameras in a bid to demoralise the USSR and to win the Cold War. The astronauts hadn’t risked their lives; they had all been fakers.


If I had to pick a low point, for me it would be the launch of the Beagle, the life-seeking robot lander that formed part of the European Space Agency’s 2003 Mars Express mission. Just as Darwin’s voyage on HMS Beagle had inspired his theory of evolution, so it was hoped that this plucky little sniffer dog would root out signs of Martian life and rewrite the rules of biology. With a call sign composed by Blur, and a Damien Hirst spot painting as a test card for its on-board video camera, the Beagle was basically Britpop on steroids, and about as long lived.


To be fair, it had an ingenious design. Its mother ship, Mars Express, had only ever been intended to be an orbiter rather than a lander, but thanks to the charisma and media savvy of the UK’s Colin Pillinger, the ESA high-ups were outmanoeuvred and passage secured for a stowaway roughly the size of a bin lid. After jettisoning from the Mars Express, two consecutive parachutes would slow the Beagle’s descent, and three airbags would cushion its landing. Once on the ground, the airbags would detach, the lid of the main housing would flip open and out would flop four petal-shaped solar panels. A mechanical arm would then emerge, like the stigma from a giant flower, bristling with sampling tools.


Their variety was impressive. As well as the aforementioned video camera there was a microscope, a rock grinder and corer, a wind sensor, a wide-angle mirror and a telescopic drill called the Mole which was capable of digging up to 1.5m into the Martian soil. Once a sample had been collected, the mechanical arm would then manoeuvre it into an inlet port in the central housing, ready for a well-equipped on-board lab to identify exactly what types of molecules were present. If there was – or ever had been – life on Mars, there was a good chance that the Beagle would be able to find it.


Touchdown was planned for Christmas Day 2003, and at the allotted hour patriotic Britons waited patiently by their radios and television sets listening out for the otherworldly strains of Blur’s call sign. Instead there was silence. The Beagle had vanished without trace. The smug mediarati of north London were right, it seemed. The Moon landings were fake, and the ineptitude of the Beagle was but so much grist to their infuriatingly self-satisfied mill.


Yet help was at hand. As our interplanetary odyssey languished in the doldrums, a sudden gust of enthusiasm blew in from the most unexpected quarter, driving all before it. While space scientists had focused all their efforts on nearby planets and drawn a series of depressing blanks, their colleagues in the altogether less glamorous world of microbiology had been quietly coming up trumps. Because as it turned out, something akin to aliens had been found, and in the most unlikely of places. They were right here on Earth.


LIFE, BUT NOT AS WE KNOW IT


Tom Brock loved the outdoors. Canoeing and backpacking were a favourite, and in July 1964 he paid a visit to Yellowstone National Park in Wyoming. This, of course, is the home of the famous geyser Old Faithful, which every hour and a half spouts scalding hot water over 150ft in the air. It wasn’t this attraction that caught Tom Brock’s eye, however; it was the multicoloured scum in the hot springs nearby. Luckily for us, Tom Brock wasn’t just an outdoors-man, he was a microbiologist. He knew a microbial mat when he saw one, and he also knew that they shouldn’t be growing in near-boiling water.


A microbe is the technical name for a single-celled organism such as a bacterium. As the name suggests, individual microbes are too small to be seen with the naked eye, but, given a suitable environment, they are more than happy to club together to form what is known as a mat. The ones at Yellowstone often contain pigments such as chlorophyll, which you’ll know is green, and carotenoids, which can be anything from yellow to red.


Chlorophylls and carotenoids are key players in photosynthesis, being the process whereby microbes, plants and algae use the energy of light to build long-chain carbon molecules from carbon dioxide, known in the trade as carbon fixing.11 The effect at Yellowstone can be spectacular, particularly at the Grand Prismatic Spring, where the deep blue of the central basin is surrounded by concentric circles of green, yellow, orange and red microbial mats as the water shallows out.


Microbes, of course, are living things, and the conventional wisdom at the time was that they should only exist within a narrow range of temperature. After all, all living things are made of proteins and contain water. Freeze them and they’ll go solid. Heat them and their proteins will start to break apart, or denature, a process which in the everyday world we call cooking. Warm your meat or your microbes to anything above 60°C, and you can expect even the most resilient proteins to become gelatin in your hands.


That, at least, was what we believed back in the 1960s. Yet to Tom Brock’s astonishment, in the broiling pools of Yellowstone, microbes were positively thriving. Soon he had shifted his research to what became known as ‘extremophiles’ – organisms which love extremes. There seemed to be no limit to their audacity; during successive visits to Yellowstone throughout the mid- to late sixties, Brock and his research team found strains of bacteria in the Yellowstone pools that thrived at temperatures as high as 90°C.


Extraordinary as this news was, it was bewilderingly slow to catch on. Truth be known, when it comes to reality, we humans are not the most reliable of creatures. Not only are we capable of seeing things that aren’t there, but we are also capable of not seeing things that are. There were two million visitors12 to Yellowstone Park in 1964, all of them gazing with wonder at the multicoloured hot springs. Many of them must have been scientists, and one or two may even have been of a distinctly microbiological persuasion. Yet no one other than Tom Brock spotted what seems now to be glaringly obvious: the broiling waters were festooned with living creatures that really shouldn’t have been there.


Brock wasn’t slow to publish his findings, but, even so, it wasn’t until the late seventies that news of his discovery started to reach mainstream scientific journals. And at that point our story takes another twist. It’s one thing when a diligent microbiologist finds some unusual bacteria photosynthesising in a hot spring in Yellowstone Park; it’s quite another when geologists stumble across a whole zoo of unfamiliar creatures two kilometres deep in the Pacific Ocean.


THREE MEN IN A DEEP SUBMERGENCE VEHICLE


We should be grateful to Alvin, a three-man deep-sea submersible owned by the US Navy, for two reasons. The first is because in 1966 it recovered an unexploded hydrogen bomb from the bottom of the Mediterranean Sea, after a B-52 bomber collided with a tanker plane while refuelling in mid-air. In that case, it may well have averted nuclear Armageddon and the end of the human race. In the second, some would say it found the very place that the ancestor of all life – the human race included – got its start.


The theory of plate tectonics was put forward by the German geologist Alfred Wegener in 1922, and, as you probably know, proposes that the Earth’s crust isn’t static, but is made up of a patchwork of plates, each of which is moving. The joints between plates tend to be where all the geological action happens, in the form of volcanoes, islands, mountains and trenches. Exactly what you get depends on what’s on top of the plates – ocean, for example, or a continent – and whether they’re being pushed together, pulled apart or are slipping side by side.


At least, that’s how it usually works. Sometimes, however, you get volcanoes in the middle of a plate, well away from the edge. In these cases, there seems to be something deep beneath the crust, a ‘hot spot’ if you like, which the plate is riding over. As the plate moves, the hot spot punches a series of volcanoes up through it. The Hawaiian islands are the classic example, sitting as they do right in the middle of the Pacific plate, which is currently moving north-west towards Eurasia. As fresh Pacific plate moves over the hot spot, plume after plume of hot magma shoots up through it, creating a chain of volcanoes on the ocean floor. The tips of these volcanoes form the Hawaiian islands.13


Another example, funnily enough, is Yellowstone Park, though in that case we are presently between eruptions, with the last one having taken place around 640,000 years ago. When a volcano erupts, the encircling area can often collapse, leaving a depression known as a caldera, after the Spanish for ‘cooking pot’. It’s in the caldera from the last eruption at Yellowstone that we now find Old Faithful and the Prismatic Springs. A third example is the islands of the Galapagos, and that’s where the plucky little submarine known as Alvin comes in.


THE GARDEN OF EDEN


On 8 February 1977, Alvin set sail from Panama aboard a purpose-built catamaran named Lulu, heading for a deep-ocean volcanic ridge just north of the Galapagos Islands known as the Galapagos Rift. Once there, the plan was to try and find hot springs. The saltiness of the world’s oceans suggested they were getting a supply of salt water from somewhere, and the smart money said that somewhere down on the sea floor there had to be the equivalent of Yellowstone’s pools and geysers, pumping out salts and minerals. Nevertheless, at the time of Alvin’s dive, no one had yet found a real hydrothermal vent that would settle the issue one way or another.


The previous summer, a survey of the Galapagos Rift had used an unmanned deep-sea camera to hunt for hot springs, but without success. At one point, however, the umpteen photos of barren sea floor were interspersed with a few brief shots of a pile of dead white clam shells, along with a beer can. The team assumed it was just rubbish thrown overboard by a ship having a party, and named the site ‘Clambake’. After all, nothing could possibly be living at that depth, because there was no light.14 Without light, there would be no plants, algae or bacteria. And without them there was nothing for anything else to eat.


How wrong they were. On 17 February 1977, Alvin took a dive, piloted by one Jack Donnelly and carrying two geologists, Jack Corliss and Tjeerd van Andel. As they neared the ocean floor, the water began to shimmer. Sure enough, hot water was pumping out of the dark volcanic rock, and forming black sulphurous clouds as it cooled, earning such vents the nickname of ‘black smokers’. But that was far from all. As Alvin’s searchlights scoured the surrounding rocks, they revealed a ghostly menagerie of extraordinary creatures. There were giant white clams, white crabs and even a purple octopus, all very much alive. Confused, Corliss picked up the acoustic telephone and called his graduate student Debra Stakes, above them on board Lulu. ‘Isn’t the deep ocean supposed to be like a desert?’ Corliss asked. When Stakes confirmed that it was, a puzzled Corliss replied: ‘Well, there’s all these animals down here.’


It got weirder. Subsequent dives revealed more hot springs, and even more strange creatures. At another spring they found an orange animal that resembled a dandelion; at another that they breathlessly christened the Garden of Eden, they found a forest of giant tubeworms with bright red tops, swaying in the water like a field of flowers. They did their best to collect specimens, but being a geology expedition they had little in the way of formaldehyde to preserve them in. Instead, they used the next best thing: some bottles of Russian vodka they had bought in Panama. Tjeerd van Andel began to lose interest in his original goal of finding hot springs, and lay awake at night, his mind buzzing with questions. Where had these creatures come from? What could they possibly be eating?


Two years later, in 1979, a team of biologists returned to find out. Alvin was modified with a new collecting basket and a second mechanical arm, and fitted with a movie camera. On each dive, the team returned with a zoo of creatures that had never been seen before: soon they had collected new species of mussels, anemones, whelks, limpets, featherduster worms, snails, lobsters, brittle stars and blind white crabs. The delicate orange dandelion-like creature seen on the 1977 dives turned out to be a relative of the Portuguese man-of-war, though it quickly disintegrated after being brought to the surface. Finally, the mystery of what all these creatures were eating was solved by a biologist called Holger Jannasch. At the base of this baroque food chain was a microbe. Rather than getting its energy from sunlight, this bacterium was feeding on a chemical in the vent fluid; specifically, hydrogen sulphide.


Suddenly, all bets were off. If life didn’t need light, or moderate temperature, where else on Earth might it be lurking? Suddenly, extremophiles seemed to pop up everywhere we looked. We found microbes in nuclear reactors lapping up radiation ten times stronger than that which would kill the hardiest cockroach. We found both fish and microbes thriving under extraordinarily high pressure 11,000m underwater in the Challenger Deep and the Marianas Trench. We found microbes and fungi bathed in acid so strong it has a pH of zero. We even found bacteria that live inside rocks.


All of which raised an interesting question: who was really living at the extremes, them or us? To a bacterium which lives in the sweltering heat of a Yellowstone spring, aren’t we the extremophiles, able to endure dessicatingly dry surroundings so cold that the little water that is available regularly freezes solid? What was the natural environment of the first life? Had the first cells incubated in the shimmering heat of a black smoker, and only later migrated to cooler, sunlit shallows? If microbes could live in rocks, could they travel between planets on meteorites? Had life begun elsewhere – on Mars, maybe – and taken a joyride to Earth on a space rock?


Life, in short, simply wasn’t what we thought it was. It wasn’t delicate, or precious, or in any way predictable. Far from it: it was tenacious, commonplace and infinitely adaptable. Here on Earth, all it seemed to require was water, carbon and a source of energy. Maybe Mars, Venus and Mercury weren’t quite the inhospitable deserts we had once feared them to be. If they contained even trace amounts of moisture, they might be home to some sort of bacteria. Could some of those icy moons, orbiting giant gas planets in the outer reaches of the solar system, be habitable after all?


THE ORIGIN OF THE SPECIES


There’s something wonderfully poetic about Alvin finding a whole new raft of life near the Galapagos, of course, because it was on these volcanic islands that the great Charles Darwin collected the specimens that were to inspire his theory of evolution. The story is worth retelling, not only because Darwin was the astronaut of his day, boldly going where no naturalist had gone before, but also because evolution is such a linchpin in our search for intelligent extraterrestrial life. What follows may seem like a diversion, but by taking it we will have an easier approach to the summit, so here goes …


Galápago is a Spanish word meaning ‘tortoise’, and, according to Darwin’s journal, on 18 September 1835 the crew of the Beagle brought fifteen giant tortoises on board from Chatham Island,15 ready to supply a feast. With few natural predators, the animals of the Galapagos were curiously trusting; in fact, hunting and collecting were pretty much the same thing. Darwin himself reports knocking a hawk off a branch with the tip of his rifle, and rather surreally recalls midshipman King killing a bird with a hat.


Understandably, these giant tortoises made a strong impact on our young hero, and he was intrigued by the observation of the vice-governor of the Galapagos, Nicholas Lawson, that ‘he could, with certainty tell from which island any one was brought’.16 In other words, each island had its own species of tortoise. Sadly, Darwin wasn’t that successful in finding specimens that proved the point. He collected three giant tortoise shells, each from a different island, but they were from young animals and there was little to tell them apart.


Back in London, Darwin presented all his specimens to the Geological Society of London. The birds he gave to John Gould of the Royal Zoological Society for examination. Among them were those from the Galapagos, which Darwin had identified as blackbirds, wrens and finches. When Gould returned the surprise result that they were all finches, ‘so peculiar as to form an entirely new group, containing twelve species’, Darwin began to formulate an audacious idea. What if there had originally been no finches on the Galapagos, which were, after all, relatively new volcanic islands. Could it be that a mating pair of finches had flown there from the South American coast, and somehow their descendants on each of the various islands had metamorphosed into new species?


To prove the point, Darwin needed to be able to show that, as with the vice-governor’s giant tortoises, each island was home to a different species of finch. Unusually for the meticulous Darwin, he had failed to label his own birds accurately, but fortunately his servant Syms Covington had not been so sloppy. By combining Covington’s specimens with those of the Beagle’s captain, Robert Fitzroy, Darwin was able to reconstruct the locations where he had found his own finches. It was true: each island had begat its own species. Gould had returned his result on 10 January 1837. That March, Darwin wrote in a notebook the words that would change the course of biology forever: ‘one species does change into another’.


Species could change, but how? For Darwin, the argument went something like this. The mating pair had prospered, and their offspring had populated the various islands. Since reproduction is never exact, within each island population there were a variety of traits. Some finches, for example, had thick beaks, while others had thin beaks. If the seeds on a given island were hard to crack, finches with thick beaks would have a survival advantage, and would therefore have more offspring. Eventually, given sufficient generations, the entire population of finches on that particular island would have thick beaks. Nature, in other words, did not favour all creatures the same. Some she selected, and some she did not. As Darwin put it, species evolved through a process of natural selection.


In July that same year, barely eight months after he had returned on the Beagle, Darwin picked up his notebook and wrote the words ‘I think’, and below them sketched the first tree of life. Starting from a single trunk – the first living creature – he drew branch after bifurcating branch, with each new outgrowth representing a new species. It was a simple drawing, but its implications were profound. Starting with a single organism, life on Earth had evolved into an ever-increasing number of species. Take any two living things, the figure said, and you could trace back their lineage to find a common ancestor. All life on Earth was one.


IT’S ALL IN THE GENES


That’s such a piquant thought it’s worth taking a moment to digest it. Every single living thing on the planet is related to every other living thing. Not only are you a descendant of your great-aunt Ada, but you are a distant cousin of a flatfish, and a kinsman of an amoeba. The creatures that we find at black smokers, strange as they are, perch on the same tree of life that we do, as do the most bizarre fossils we have ever found, those of the Ediacarans.17


Completely central to Darwin’s theory of evolution by natural selection, of course, is the concept of inheritance: the passing of traits from parent to offspring. In Darwin’s day, the mechanism of reproduction was unknown; today we understand that every organism on Earth carries its own blueprint in every cell of its body, coded into the long-chain carbon molecule known as deoxyribonucleic acid, known as DNA. In short, you resemble your parents because you inherited their DNA.


Or to be more accurate, you inherited almost all of it. The system by which DNA is copied isn’t perfect, and that’s vital; it’s this less than perfect copying that gives rise to what Darwin called ‘variation’: the appearance of a new trait in the offspring that wasn’t inherited from its parents. Most of the time the new trait makes no difference. Sometimes it is harmful, and the offspring will be less likely to reproduce as a result, meaning the new trait dies out. In some rare cases, however, it bestows a survival advantage, and increases the chance that the offspring will, as Daft Punk might put it, ‘get lucky’.


Traits are coded by small sections of DNA known as ‘genes’.18 Take any trait – the thickness of a finch’s beak, say – and it is possible to identify the genes which control it. Indeed, as the British biologist W. D. Hamilton showed, it is at the level of genes that the struggle for survival is best understood, rather than that of an organism or species. Put simply, genes are doing it for themselves.19 All that matters to your genes is that they make as many copies of themselves as possible; we host organisms are simply a means to an end.


I’M A MAC, ZARG IS A PC


So there we have it. Evolution is the key that unlocks the mystery of life-as-we-know-it, and is able to explain two extraordinary and seemingly unrelated facts. Firstly, the older the fossils we dig up the more primitive the life forms we find. No one has yet found a mastodon in the same layer of rock as a trilobite, nor do we ever expect them to. Speciation – the process by which natural selection creates two species where previously there was merely one – is irreversible, and the total number of species,20 both living and extinct, can only increase with time.


And, secondly, it explains the extraordinary similarity between the different branches of life-as-we-know-it. To use a computer analogy, everything we find is a Mac; nothing is a PC. Every creature on Earth is made up of one or more cells, relies on water as a solvent, stores its blueprint in DNA and burns carbohydrate to release energy. Every molecule of living protein is made from the same twenty amino acids,21 and every molecule of living DNA is coded using the same four nucleobases.22 On an even deeper level, you might say that all life-as-we-know-it is carbon-based, because almost every single molecule that you can think of that has a biological or biochemical function is a compound of carbon.


So what does this mean for our search for intelligent alien life? Well, as the Galapagos giveth, so the Galapagos taketh away. On the one hand, its black smokers show us that there’s no limit to the kind of environments where life might thrive. On the other, its finches tell us there’s only one kind of life on Earth. So are we alone or not? What if life-as-we-know-it is a colossal fluke, a one in a gazillion random event, never to be repeated? One thing is for sure: if we had just one other example of a second tree of life here on Earth, we’d be a lot more confident that life is common in the galaxy. And yet there’s nothing. Or is there? It’s time to talk about desert varnish.
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