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Foreword

Before we start, I would like to share a thought with you.

I would like you to wonder, for a moment, about who you are.

About what you are.

About what it means to be alive.

Do you know?

Do you think anyone knows?

There is something that all humans, throughout time, everywhere, from today’s largest cities to the most ancient deserts and forests, have in common.

The yearning for stories.

The yearning to turn mysteries into explanations.

Life itself is no exception. At first glance, it is a mystery. And at second glance, too.

What it is, where it came from, what it is made of, if it also exists out there, in outer space . . .

Over the ages, many stories have been told to uncover these mysteries, and this book is one such story, one that is not entirely written yet, and one that may well never be complete.

Very special tools have been forged to help pass this particular story from one generation to the next.

These tools are not made of matter, though.

They are made of ideas, of experiments, and of discoveries.

They belong to the domain of science.

With this story, you are about to begin a journey through our past and present.

In taking you on it, my aim is for you to see and to understand what has been discovered about our existence and that of other organisms, about life and its origins.

And that journey begins with one of the most extraordinary discoveries ever made. One that everyone has heard about, but which nonetheless changed the way we see the world, and ourselves.




Part One

Evolution




1. | The curse

On 1 July 1858, a rather special reading took place in Burlington House in Piccadilly, London. It was the new premises of the Linnean Society, a learned organization founded in 1788 with a rather special purpose: to lift some of the veils surrounding the deepest mysteries of life. Powerful men of science had been seen gathering there for about a year, to discuss ideas and newly written articles. I say ‘men’ of science rather than ‘humans’ because the first woman ever to be awarded a Linnean Society Fellowship was Emma Louisa Turner, in 1905.

Not much happened when the thirty men of science listened to the presentation of a series of papers on that summer day in 1858. And yet, two of them contained what may well be the most astonishing idea ever brought forward about life. An idea that would for ever change the way humankind understands life here on Earth and, maybe, elsewhere in the universe.

These two papers should have raised many eyebrows and objections, stirred vivid criticism, exacerbated passions. But the thirty bright men didn’t utter a word. They didn’t notice that history was being made.

One of the papers was authored by a completely unknown British explorer named Alfred Russel Wallace. The other was by the English naturalist superstar Charles Darwin. Neither Wallace nor Darwin were present at the reading, though. Their work was introduced by the most famous geologist of the time, Charles Lyell, author of the bestselling textbook Principles of Geology.

Wallace was on the other side of the world, sweating in the humid air of Borneo, completely unaware that his paper was being presented at the prestigious Linnean Society.

He had left England ten years earlier, in 1848, to chart and explore the natural world in Brazil, where for more than four years he studied the primary forest there, as forests untouched by human civilizations are called.

Wallace was a pure adventurer. A hundred and seventy years ago, one didn’t just leave England to explore the largest blackwater river on Earth, the Rio Negro, on a whim. Any such adventure took years and required money, and Wallace eagerly embraced the prospect even though he didn’t have the funds himself. To retrospectively pay for a voyage that cost much more than he could afford, he spent his last couple of years in South America collecting a treasure trove of exotic insects and birds to sell once back in England.

But as he journeyed home during the summer of 1852, his return ship caught fire and sank along with his collection. Wallace himself drifted on the ocean for more than three weeks with his ship’s surviving crew before being miraculously rescued and brought back to England alive, albeit completely broke, leading him to write a book about Amazonian monkeys, hoping sales would pay for his family’s needs. They didn’t, and Wallace soon longed for adventure again, perhaps to put some distance between himself and poverty. A year and a half later, he was sailing again, this time for Asia.

In Singapore, Wallace befriended another British adventurer, James Brooke, who had become James of Sarawak, ruler of Sarawak, a coastal land as large as England situated in the northwestern part of the island of Borneo, founding what would become known as the White Rajah dynasty, which was to last for more than a century.

Intrigued by Borneo’s primary forest, Wallace spent his first year or so on Brooke’s territories, where the extraordinarily rich habitat provided him with more species to study than he could ever have dreamed of. In 1855, while living in one of the White Rajah’s homes, he summarized his year of observations in a paper entitled: ‘On the law which has regulated the introduction of new species’.

Wallace described a curiously recurrent pattern he had observed in both Brazil and Borneo:


Every species has come into existence coincident both in space and time with a pre-existing closely allied species.



It is absolutely fine to read that sentence a few times and find that it doesn’t make much sense. For most who lived in Wallace’s time, it didn’t mean anything at all. But it was a deep observation. It became known as the Sarawak Law, which could be translated this way: however hard you try, you will never find, anywhere on Earth, a species that has forever been there the way you see it at the time you see it. In fact, says Wallace, you’ll always find, at the same place and at the same time, a very similar-looking species that was there before it. A predecessor, if you will. And a living one at that.

Although Wallace did not say it in so many words, this is the closest one could get to the idea that all species on our planet evolved to their present status in a gradual way. What Wallace’s strange sentence said was that one could find, everywhere, different stages of such an evolution, whatever the species.

The Sarawak Law paper was published in 1855, at a time when only very few scientists believed that living species ever changed at all. Back then, the mainstream idea was that the inhabitants of planet Earth, whether humans or animals or plants, had never changed, that everything had always been the same since the moment of Creation, and that it would keep on remaining that way until the last day.

Most people thought that way.

Most, but not all.

Around the beginning of the nineteenth century, a few decades before Wallace’s time, a French naturalist had championed a different belief, but with no success. His name was Jean-Baptiste de Lamarck.

Lamarck was certain that species changed from one generation to the next. And it was his belief that the changes happened because offspring inherited characteristics their parents had acquired during their lifetime. For Lamarck, this meant that parents were at least partly responsible for their offspring’s characteristics.

The changes Lamarck tried to describe, the changes that distinguished one generation from the next, were given the name transmutation, the same name alchemists had used to describe the process of magically turning iron into gold. In a biological context, Lamarck’s transmutation had a greater implication than just explaining a link between parents and offspring, since it meant that not only individuals, but whole species, could change over time. Some centuries earlier, with such bold theories as these Lamarck might easily have found himself in some rather lively debates with the Inquisition. Luckily for him, it was the nineteenth century. He didn’t face the threat of death for his ideas, but most people rejected his theory outright, still religiously allergic to the very idea that species could change. Even the famous Lyell – who was, some years later, to introduce Wallace and Darwin’s papers to the Linnean Society – was reluctant to get on board with the idea.

While Lyell believed that the Earth may have changed in the past, and that we could understand these changes by looking at how the world behaved today,* he refused to apply the same reasoning to life itself. In alchemy, after all, transmutation was nothing but a fable. No one ever managed to turn iron into gold, to change one element into another. So why could transmutation be possible for species?

We know today that the transmutation of iron into gold isn’t impossible. It occurs, but not via the experiments of an alchemist, requiring instead the energy unleashed by the collision of star cores.

Wallace published his Sarawak Law twenty-seven years after Lamarck passed away, recording what he had seen in the wild: that species did indeed change with time. Wallace didn’t yet have a mechanism to explain how the changes occurred, nor what triggered them, but he knew that they happened, and when Lyell read the Sarawak Law paper, a cold shiver ran down his spine.

By then, he had changed his mind about evolution because a friend of his had slowly convinced him that, contrary to common belief, not only were species not fixed, but comprehension of the processes by which they changed was within our grasp.

His friend’s name was Charles Darwin, and when, in 1858, Lyell held the Sarawak Law paper in his hands, Darwin had already been working on that very idea for decades. Lyell immediately warned Darwin, urging him to publish his thoughts or risk being scooped by someone on the other side of the world who had reached the same conclusion as him.

Darwin, however, didn’t share Lyell’s worries. He wasn’t impressed by Wallace’s work and even wrote Wallace a letter saying as much, adding that his own research was so much ahead that Wallace would never be able to catch up. That done, Darwin went back to work, confident he was going to nail the very first correct theory of how life evolved through time.

It is said that upon reading Darwin’s response, Wallace did not take offence, that he even felt honoured to have drawn the attention of such a superstar, for Darwin was a superstar even then, though not quite the one we all know today.

As opposed to Wallace’s modest background, Darwin was born into a wealthy family. Whereas Wallace had to give up his education at the age of fourteen to find ways to finance his passion, Darwin went to Edinburgh, the best medical university of his time, to become a medical doctor, as per his father’s wish. Darwin, however, didn’t care much for medical studies. What interested him was the natural world. So when he was later sent by his father to study at Cambridge, he quickly began to attend the geology course of Professor Adam Sedgwick, where he became hooked. So much so that during the summer of his final year Darwin joined Sedgwick in Wales to study layers of sedimentary rock that seemed to mark the beginning of an ancient period which Sedgwick had named the Cambrian, after the Latin name for Wales. It was a strange layer, for one reason in particular: there were many fossils above it, but none below, suggesting that fossils had appeared right there for the first time in our planet’s history, at the beginning of Sedgwick’s Cambrian.

This strange idea would come back to haunt Darwin years later.

In December 1831, a few months after the summer he spent in Wales, Darwin decided to become a naturalist. He boarded HMS Beagle, a Royal Navy brig-of-war turned survey barque, whose purpose was to sail around the world and explore new territories. He was twenty-two years old, and unaware of HMS Beagle’s curse.

•

Three years earlier, British officer Pringle Stokes, captain of the Beagle, completely lost his mind when his ship got stuck within the desolate Strait of Magellan. He locked himself up in his cabin for a fortnight, only to shoot himself in the head once the ship reached the delightfully named Port Famine, in Chile. Stokes’s distress didn’t end with the shot, however. Instead of killing him then and there, the bullet got stuck in his brain and he died of gangrene eleven days later.

Following that tragedy, a man named Robert FitzRoy became temporary captain of HMS Beagle and sailed her home to England.

Appointed permanent captain a year later and understandably keen to avoid the fate of his predecessor, FitzRoy looked for a geologist to join him on board his next journey, believing nothing could beat an intelligent conversation partner to prevent him from drowning in dark thoughts when stuck in some forsaken part of the ocean.

That’s where Darwin came in. FitzRoy picked the twenty-two-year-old as a supernumerary, which basically means that Darwin’s father had to pay for his son’s trip. With Darwin on board, the Second Voyage of the Beagle was about to become one of the most famous scientific expeditions in history. But FitzRoy paid a heavy price for it, for the curse of the Beagle was not on her crew, but on her captain.

The Second Voyage of the Beagle was intended to last two years, but ended up stretching to almost five. When Darwin returned home, aged twenty-seven, he was not an unknown graduate student any more. The fossils he’d found along the way and sent back to England had raised a lot of interest in the scientific community, while extracts from his correspondence with British biologist and priest John Stevens Henslow had been published in his absence, turning him into nothing short of a celebrity.

At first, Captain FitzRoy also had a happy return, as he went on to climb the social ladder, probably carried by the aura that surrounded Darwin’s finds. He created the Meteorological Office, coined the term ‘weather forecast’, was elected Fellow of the Royal Society (which, like the Linnean Society, resided in Burlington House) and even made vice-admiral in the Royal Navy.

So far, so good.

But as the years went by, and as Darwin’s ideas began to spread, FitzRoy became more and more troubled by what his supernumerary had found under his command. For religious reasons, he began to feel extremely guilty for having played a part in it. So much so that, eventually, just like his predecessor at the helm of the Beagle, he fell into a depression so deep that on 30 April 1865, he cut his own throat with a razor.

But why?

What is it that Darwin found that disturbed his former captain so deeply?




2. | Why alien fish most probably don’t fly

Picture yourself lying next to a river, in the middle of a forest clearing.

It is the weekend.

You are relaxing, peacefully watching the clouds, mindlessly noticing that they all move in the same direction, at the same pace.

As one, really.

They are beautiful, moving together.

The warm and pleasant breeze blowing over the blooming vegetation makes you feel good. Falling leaves are flying by, as are spider silks, and you soon sit up, to look around.

It is spring. The natural world is waking from its winter lethargy. You feel glad to have taken this time off in the countryside.

A small fish jumps out of the river next to you, and dives back in.

You notice that it didn’t stay up in the air.

It didn’t swim towards the clouds.

It just went back in.

About twenty-four centuries ago, as he tried to make sense of the world he lived in, the Greek philosopher Aristotle divided reality into two domains. One of them contained the Earth and went all the way to the Moon. It was the realm of humans. It was our place, our cradle, our home. Within it, there were natural patterns that repeated themselves, patterns that we could spot and recognize. According to Aristotle, there were laws behind these patterns, logical laws that we, humans, could find and use to make sense of things. With these laws, we could predict the movements of objects, the trajectory of arrows, the strength of a wall. We could also tell why clouds would move as one with the wind, or that jumping fish should always fall back into the water.

What lay beyond the Moon, on the other hand, was beyond these laws, beyond our reach, both physically and intellectually. Beyond the Moon, the expanses were never to be explored, never to be fathomed, never to be understood by humans. It was the realm of the Gods, not ours. Whatever rules applied beyond the Moon, if any did at all, they were for the Gods to know, to abide in, to create or change, not us.

According to Aristotle’s understanding of the universe, our place within reality was precise and finite, but surrounded by expanses of unknown proportions. These outer expanses were inhabited by greater powers. The laws of nature might be different there. Fish – if there were any – could perhaps fly towards the clouds.

For most of the Western world, this became the official picture of our cosmos, and it remained so for more than two thousand years, all the way through to the seventeenth century, when the English mathematician and physicist Isaac Newton blew it all to pieces with an extraordinary idea: that the laws of Nature we found here on Earth did not stop at the Moon. That they were universal. That they applied everywhere, throughout the entire universe. His theory of gravitation seemed to prove him right. The formula he had found to explain the trajectory of arrows shot here on Earth could also predict the trajectory of planets and moons and stars in the sky, way beyond our Moon.

In his quest to understand the reality surrounding us, Aristotle may have confined us to our world, but he also gave us the means to free ourselves from it by searching for natural laws.

Newton found such a law, his law of universal gravitation, a law that liberated our minds from planetary confinement. It has allowed us, ever since, at least in thought, to wander far into Aristotle’s forbidden territories.

With this newly acquired power, humankind began to see new realities everywhere, scattered throughout a universe of inhuman proportions. Questions we couldn’t have asked ourselves before emerged one after the other and an extraordinary possibility slowly but surely gained traction in human minds: that we could understand it all and figure out where we come from.

•

Raising your eyes towards the sky again, you start imagining the Moon and Mars and Venus shooting through outer space, and begin to dream about other worlds that no one has yet seen, wondering about the cosmos, about the possibility of life out there.

Until recently, we didn’t have the technology to detect anything that happened in space. Not even on the Moon. But now we kind of do, so it may well be that as our observations of the cosmos widen, the most extraordinary discovery of all time is about to happen, namely that we will find proof of extraterrestrial life.

Could that really happen? you wonder, not quite sure whether it would be a good or a bad thing.

For now, you are sitting in your forest clearing, but because of the queries that are sprouting in your mind, you won’t remain here for long. Just like Darwin embarked on the Beagle to discover a world he did not know, you are about to embark upon a journey through the extraordinary knowledge we’ve acquired, as a species, over the past centuries, to discover what we know today about our origins, about the Earth, and about the likelihood of alien life. Your journey will consist of several trips, all aimed at one final goal: figuring out what we are, where we come from and whether or not we are alone in this universe of ours.

To do all that, you will have to familiarize yourself with the reality that surrounds you, the reality you perceive through your senses, and the ones you don’t. For that, you shall often have to leave your body behind and travel as an ethereal version of yourself, a pure mind, to see what past and present researchers have discovered. This will lead you to a new vision of our world, a new understanding of the life that inhabits it, a vision that will enable you to rewind its past following two distinct paths. One of them is outside you. It is in the rocks and in the air. The other is within you.

Both of them will lead you to the question of the origin of life on Earth, and both of them will have you travel far through space and time.

In 1858, Darwin and Wallace gave us the first ever vision of a law that applied to life itself.

It is called the law of evolution by natural selection.

On the journey you’re about to begin, you’ll see that we’ve since improved on that vision by quite a margin.




3. | What is true for birds is true for us

Species do change.

Take yourself.

You don’t look exactly like your parents, but you do a little, as individuals of all species do.

It could have been different, though.

Giraffes could have hatched out of eggs laid by a goldfinch, or a sea urchin could sometimes have given birth to a condor, or a dog to a lettuce and humans to butterflies.

But they don’t.

Offspring look like their parents.

But not exactly.

Take yourself again, lying in your forest clearing.

Two parents were needed for you to exist, and even if they looked alike when they made you, they weren’t identical, so you couldn’t be exactly like them both. This is always true, even for organisms that only have one parent organism (you’ll soon meet some; there are plenty). It is this difference between parents and offspring that had Lamarck champion transmutation. Taking that idea over a long period of time, it could eventually lead, after lots of generations, to individuals so different from their ancestors that they end up belonging to a different species altogether.

Like Lamarck (whom he had read), Darwin believed that such gradual changes were real, but for him changes from one generation to the next had nothing to do with the way parents lived their lives.

Changes, according to Darwin, had to do with something else, and it is that something else which he took decades to clarify, and which the scientific community took almost eighty years to accept.

Darwin’s mechanism worked by selection.

Natural selection.

It was a direct consequence of a very simple calculation he had read in a book written by the English economist Thomas Robert Malthus. Malthus basically said that some species have far too many offspring for them all to survive, if only because there aren’t enough resources around for them all to grow and peacefully live together. A selection had to occur at some stage to decide which individuals made it and which didn’t, and Darwin came up with a mechanism for that selection, one he figured out thanks in no small part to birds from the Galápagos Islands.

The Galápagos Islands are in the middle of nowhere, or, to be more precise, about 1,500 kilometres (900 miles) off the coast of Ecuador, in the Pacific Ocean. They are a group of twenty-one islands and 107 rocks, but since they belong to an active volcanic region of the Earth, these numbers may change every now and then.

On 15 September 1835, when Captain FitzRoy moored the Beagle there, the Galápagos Islands had plants and birds and animals that looked very similar to one another spread across the islands.

The birds, in particular.

They were similar.

But not identical.

Not being very fond of birds, Darwin didn’t really care that much about them at first. But he did some years later, once back in England, when he gave the birds FitzRoy’s crew had collected to John Gould, the best ornithologist he knew.

Gould looked at the birds and saw that they resembled finches.

But not of the usual type.

In fact, not only had he never seen the likes of any of them, they had the curious property of all being finches, while all belonging to different species.

Each Galápagos Island, it seemed, had its own species of finch living on it, a remark that triggered Darwin’s interest in birds.

It even gave him pause to think – something he was very good at doing.

One visible difference between the species was their beaks, and Darwin soon understood that the variations were directly linked to the birds’ different diets. Nothing extraordinary here: if a bird feeds off hard-shelled seeds, it needs to be able to crack them open with something hard. A seed-eating bird with a soft beak is unlikely to be around for long on an island where all the seeds are hard-shelled. Similarly, a big, hard beak wouldn’t be of much use to a bird living on a diet of tiny insects. There was a rather easy logic linking a bird’s beak to its eating habit or, more generally, to its environment.

But how did all these beaks come about? How did they happen to be so perfectly adapted to the food the birds could find on their island? That is what puzzled Darwin.

That there are twenty-one islands and 107 rocks within the Galápagos archipelago is interesting in its own right, but not really.

What is, however, is that the finches never flew from one island to the next, spending their whole life on the island they hatched on, never meeting – let alone mating with – the finches from the other islands. The Galápagos birds lived isolated from one another, and they had done so for a very long time, which meant that they could have evolved independently of one another, and hence acquired characteristics of their own. Characteristics that fitted their environment. There was something there, Darwin thought.

He then remembered that the Galápagos finches looked very much like some finches he had seen in South America and not so much like the ones he had seen in Europe or Africa. So he guessed that the Galápagos finches probably all had a common ancestor that left South America for the Galápagos islands.

How?

Who knows.

Maybe they hitched a ride on fallen trees in the aftermath of a tropical storm. Maybe they flew from one floating log to another, or travelled on the back of a whale. In any case, they eventually reached the Galápagos Islands and settled there, all identical to one another to begin with. But they ended up on different islands, and were never to mingle again. So they gradually changed in different ways, one generation after the other, together with the flora and fauna of the island that had become their new home. Some grew short beaks, others longer ones. Some grew twisted beaks and others straight ones.

The ones that Darwin saw were the ones that survived the passing of time. They were the ones that matched best what their island had to offer. Conversely, the trees and plants and insects that lived there also had to have adapted to these beaks.

In Darwin’s emerging picture, birds and animals and plants all co-evolved, a vision we today know to be absolutely correct.

Many species lived on the Galápagos Islands, but the finches were a particularly obvious example of evolution’s adaptive power, hinting at a new narrative not just for the history of finches, but for the history of all life on Earth.

And it was this new narrative that so tragically unsettled Captain FitzRoy.




4. | An unexpected parcel

Individuals within a species never being exactly the same, the idea behind Darwin’s vision was that some differences could confer an advantage, while others could be detrimental. An advantage usually meant a better survival rate, and hence a better reproduction rate. A disadvantage often meant struggle and, eventually, extinction.

With this basic vision, Darwin guessed it was possible to explain how life on Earth could have started simple and then become as varied as it is today. It was the first ever natural law that didn’t apply to inanimate things, but to the living – a law Darwin called evolution by natural selection: if there aren’t enough resources, a selection is in order and only the ones best adapted to their environment survive. The others die.

Faced with the many pieces of evidence Darwin had collected to support this vision, even his sceptic friend Lyell had no choice but to eventually agree. The selection mechanism was so simple, so beautiful, so trivial, that it had to be right. Darwin must have looked to Lyell like an extraordinary man indeed to have seen it all with such clarity, with such simplicity, and that is exactly why his reading of Wallace’s Sarawak Law paper, in 1856, made him panic: Darwin hadn’t published much at all during the twenty or so years since the HMS Beagle had returned. But Darwin didn’t believe anyone could catch up with his thinking, so instead of rushing into anything, he quietly began to think about a book that would explain everything, a huge book meant to contain all of his twenty years of thinking about the natural world. He intended to entitle it: Natural Selection.

Two years passed and Darwin was still refining it all in his head. As far as he was concerned, everything was absolutely fine.

But then came 18 June 1858.

On that day, Darwin received a parcel from a place called Ternate, in Borneo.

Within was an article from Wallace.

A new one.

It was entitled: ‘On the Tendency of Varieties to Depart Indefinitely from the Original Type’.

Wallace had written it about four months earlier, in February 1858, and he was asking Darwin if he could please forward it on to Lyell.

Darwin obliged, but he was devastated.

Wallace’s new paper was, according to Darwin’s own words, the best short abstract there could be of his Natural Selection book, a book Wallace could know nothing about because Darwin hadn’t written it yet or discussed any of it with him at all. Nor with anyone else, really, except for a few close associates, like Lyell.

Lyell had been right in warning Darwin that the Sarawak Law was dangerously close to his own ideas, but it didn’t matter much any more. Darwin felt as if he had been struck by lightning. Lyell, however, remained calm and did not let his friend down, nor did he ignore Wallace either, suggesting a solution that would celebrate both thinkers and still give Darwin the praise Lyell believed he deserved. He offered to communicate the works of both men in a joint publication he would himself present to the Linnean Society in London. The publication would include Wallace’s latest paper, of course, but Darwin had nothing recent to put forward at all. So, Lyell included an essay his friend had written some fourteen years before, together with a letter Darwin had sent to American botanist Asa Gray a year earlier. With these, Darwin could at least show that evolution by means of natural selection was his idea, and that he had had it for quite some time.

Darwin agreed to Lyell’s proposition, and Lyell presented the joint publication on 1 July 1858 to the Linnean Society in London.

But, as you know, neither author was present.

Wallace was sweating in the humid air of Borneo, completely unaware that the letter he had sent Darwin months earlier had created such havoc, nor that his paper was being presented to the Linnean Society.

Darwin, however, was in England, but attending the funeral of his son Charles Waring, who died on 28 June, aged only a year and a half.


[image: A page from “The Popular Science Monthly” dated “November, 1901”. The text announces an article titled “On the Tendency of Species to Form Varieties; and on the Perpetuation of Varieties and Species by Natural Means of Selection,” credited to Charles Darwin and Alfred Wallace, with a note that it was communicated by Sir Charles Lyell and J. D. Hooker and originally read July 1, 1858.]

Six months later, in May 1859, Thomas Bell, the then president of the Linnean Society, gave a speech to summarize the activity of the Society that year.

He said:


The year which has passed has not, indeed, been marked by any of those striking discoveries which at once revolutionize, so to speak, the department of science on which they bear.



History had been made, but Bell hadn’t noticed. He soon would, though, because Darwin, having lost the luxury of time, rushed into writing a short (502-page) summary of the Natural Selection book he had not yet written.

That ‘summary’ was ready in six months and published in 1859, only to become one of the most important science books ever written.

To realize how Darwin must have felt when he read the paper Wallace had sent him, here’s an excerpt of it:


Very few birds produce less than two young ones each year, while many have six, eight, or ten; four will certainly be below the average; and if we suppose that each pair produce young only four times in their life, that will also be below the average, supposing them not to die either by violence or want of food. Yet at this rate how tremendous would be the increase in a few years from a single pair! A simple calculation will show that in fifteen years each pair of birds would have increased to nearly ten millions!



It is pretty much the same reasoning Darwin had reached after reading Thomas Malthus’s economics book. It meant that selection had to occur. It was that simple.



[image: The title page of “ON THE ORIGIN OF SPECIES BY MEANS OF NATURAL SELECTION, OR THE PRESERVATION OF FAVOURED RACES IN THE STRUGGLE FOR LIFE,” by Charles Darwin, M.A., published by John Murray, Albemarle Street. 1859.]

The finches that survived in the Galápagos, the finches that managed to reproduce and have chicks, were those that had, at birth, an advantage over their siblings. They were the fittest of the flock, where ‘fittest’ doesn’t have an absolute meaning. Rather, it is attached to a place, to a time, to an environment. It means best adapted. On one island fittest meant having a long beak. On another, a short one.

As the full title of On the Origin of Species says, it is because there are potentially too many finches that a struggle for existence takes place, and that therefore only the fittest survive. According to Darwin, that is how evolution has unfolded through time, all around the world, ever since life began. Curious eyes could see the selection mechanism at work, as well as its link to the environment. Darwin did. And so did Wallace.

Finches are finches, however, and even around Darwin’s time, the general public could easily have lived with the idea that birds on remote, faraway islands evolved from one finch type to another, or even many others. But Darwin didn’t limit his theory to finches, nor to the Galápagos islands alone. He generalized the idea of evolution by natural selection to the whole living world. A bold move, if only because we, humans, are part of the living world. A shocking idea, then. Not so much because it says we might become different in the future, but mostly because it meant we were different in the past.

So much so that our ancestors most certainly weren’t even human.

Maybe that’s what FitzRoy couldn’t stand.




5. | The ear that shouldn’t exist

Lying on the ground in the forest clearing, you are wondering about these ancestors of ours. Humans or not, what did they make of the world around them? Did they see and hear and smell the way we do?

Our senses are the windows that connect us all to the outside world, they are what we base our intuition on, so what did they detect through theirs?

An idea suddenly crosses your mind.

Closing your eyes, you start focusing on the senses you were endowed with, senses that are not sight. You want to open as wide as possible the other windows that connect your inner self to the outside world.

First, smell.

Forgetting everything else, shielding your thoughts from anything that isn’t an odour, you start picturing a world exclusively made of smells.

A bosky smell of undergrowth overwhelms your present.

Grass and mushrooms. Pollens. The humid riverbank.

A rather psychedelic picture of your surroundings emerges in your mind, a picture that shifts with the winds and obstacles, and you suddenly wonder if this is how butterflies and bees picture reality in their minds. Were that the case, their vision of Earth would be quite different from ours.

That thought makes you wonder about aliens again.

Endowed with different senses altogether, would they picture their own world in ways we could understand? And how about ours, were they to someday drop by . . . Would they see things that we don’t, and not see the things we see?

Licking your dry lips as you keep thinking, a drop of sweat triggers an extraordinary reaction on your tongue.

Taste.

That’s another sense of yours. It just detected molecules in your sweat.

Molecules.

They are nothing but an assembly of atoms, themselves assemblies of yet smaller bits of matter called elementary particles. They interacted with detectors on your tongue and triggered a signal your body immediately sent to your brain for analysis, telling you that your face is salty.

Smell and taste, you realize, give you access to some properties of molecules floating in the air or sticking to whatever ends up in your mouth or nose, allowing you to sometimes recognize things without even knowing what they are actually made of.

A gust of wind blows through the trees. Hearing just kicked in.

You can hear the leaves trembling, the water flowing downstream, the pebbles rolling down the riverbed, the buzzing insects, and a fish splashing back down into the water, a fish that didn’t remain in the air. And now a bird. Its wings flapped as it flew nearby, to your left, and you fought to keep your eyes shut, not to check what bird it was.

Sounds move fast, but not instantaneously, so they usually don’t reach your two ears at the same time. The sound of the bird’s flapping wings reached your left ear first, then your right one, and your brain used that time delay to give you a pretty accurate estimation of where it was, and where it went, even with your eyes closed. Instinctively, you turned your head to hear it better. A cool feat, by the way, since however large your head might be, your ears aren’t that far apart. At most, the delay between the sound reaching one ear and then the other is about a thousandth of a second. It can even be much less, and yet your brain is able to process that delay and make sense of it, allowing you to localize the source of a sound using the sound alone. This ability of yours comes down to the fact that you have two ears and not just one. With only one ear, there would be no time delay, and you wouldn’t be able to rely on sound alone to protect yourself from trouble: were you, at night, in the wild, to hear a predator, you wouldn’t know where the sound came from. Panicking, you could end up running towards the predator rather than away from it. From this reasoning, you conclude that only prey with two ears (or more) should be found in nature. Where should the ear of a one-ear animal be anyway? Between its legs? The idea makes you laugh, and you decide to switch on another of your senses, the only one that has detectors all over your body: touch.

The ground immediately becomes very real. And so do the clothes you’re wearing, and the air all around. Everything that one way or another touches your skin suddenly exists vividly for you. Even the Sun, as you can feel the warm kisses of its rays of light. Touch, you realize, allows you to interact with both matter and light. It connects you to signals from our world and from beyond, from our star, which is separated from us by 150 million kilometres of empty space.

Smell. Hearing. Taste. Touch.

These are four of the five senses Nature endowed you with.

There is one left. The one you wanted to switch off for a while, to leave more room to the others.

Sight.

You open your eyes.

A torrent of colours flows through your retina, revealing a spectacular clearing covered with yellows and greens and blues and whites. Colourful flowers and butterflies. Bright clouds and spotted tree trunks. This is your visible world. And it is spring.

We don’t all possess every one of the five senses above, and some of us may have some that work better than the others. But for millions of years, these five senses have been the only tools that we, as a species, have had to probe our world. They provided our ancestors with the knowledge they needed to survive and, after a while, build an intuitive understanding of the nature that surrounded them. It is thanks to this intuitive knowledge that Aristotle guessed there were some laws hiding behind all the phenomena we experience. It is thanks to this intuition that we all trust we know that clouds should drift in the sky, that a fish should swim in water, not air, and that animals should have two ears and not one in between their legs. These are but a handful of obvious facts that have been noticed and accepted since time immemorial, helping you and I make sense of the reality we belong to.

Take a look at that twig, though.

Over there, next to your right arm.

It’s moving.

Twigs shouldn’t be moving like that.

Nor should they have three pairs of legs.

It isn’t a twig.

It’s an insect whose legs are attached to a really long torso. The foremost ones, covered with spikes, look nasty. You definitely wouldn’t want to be the prey of such a predator, a praying mantis.

You stare at its head now. It looks like a triangular-shaped box stuck on top of that long stick of a torso, out of which its legs emerge. Two huge eyes are staring at you and . . . good grief! Three more as well! Three tiny ones, in between the two big eyes, are also staring at you, as if the mantis was a crowd. That insect looks like a devilish alien. But something else about it puzzles you.

Carefully examining either side of its head to look for ears, you fail to spot any.

Definitely no ears there. Praying mantises, you conclude, are earless, as everyone thought until 1984, when American neurobiologists David Yager and Ronald Hoy found one.

Yes, one.

Not two.

In males, mostly.

Located in between their back legs.

Why would a species want that? you wonder after a moment.

All senses cost a lot of energy to an organism, so why would any organism waste resources on a single ear that would neither help to locate prey nor make sure, when danger looms, that it knows in which direction to run?

Wait.

‘Run’ away?

Having one ear wouldn’t help for that, but what about ‘fall’ away?

However fierce they may be, mantises aren’t just predators. They are prey too. To bats in particular. And this ear the mantis inherited from its parents isn’t made to hear you and me talk. Nature spared it that. It detects the sound made by the echo-sonar bats use to hunt, a dreadful sign of imminent death for a mantis. Upon hearing it, it dives, dropping towards the ground to hide in the relative safety of the undergrowth. For that, there’s no need to know where the sound came from. A mantis can’t outfly a bat. The escape route is always down; one ear is plenty.

Female mantises mostly stay where they are throughout their lives, signalling for the males to fly to them. Because they do not fly and remain protected by the vegetation, they usually don’t have to escape from bats and don’t need that ear, so they usually don’t have one. And when they do, it is nowhere near as developed as in males.

From our human perspective, it is hard not to see some irony there, since the better equipped the male praying mantises are, the likelier they’ll avoid predators and reach their mating partners, only to be eaten alive once they do by their much larger and stronger female counterparts. Female mantises happen to relish feeding on their partner while mating. Or right afterwards, depending on their personal taste.

Our senses don’t give us an exhaustive vision of reality. Far from it. They don’t even allow us to probe the same signals as other animals, and some animals don’t detect what we detect. We don’t hear the echo-sonar bats use to hunt, and the praying mantis don’t hear us as we talk. Most living organisms on Earth only detect what they need to detect to survive. They all, just like us, only see part of a whole. If aliens exist out there, there’s no ruling out them detecting parts of reality that we haven’t even discovered yet.

That being said, we aren’t like mantises or any other species that has lived on Earth, for we have at least one ability that they all apparently either lack or didn’t develop as much as we did: the ability to learn, remember and correct our incorrect ideas.

We have a common memory that we can pass on from one generation to the next, allowing us all to benefit from the discoveries of our ancestors. It is because we have that memory that we’ve managed to find some of the laws that lie behind the natural patterns surrounding us. It is thanks to memory that we’ve managed to probe matter and light, space and time, our world and its history.

It is thanks to it that Darwin and Wallace managed to discover a connection between all life forms that have ever existed on this planet of ours.




6. | On the advantages of being ethereal

A gorgeous sunset has now engulfed your clearing, showering your world with colours of heart-warming intensities, and your skin suddenly starts to tickle, as if to warn you about a gigantic power you are on the verge of acquiring. As strange as it might seem, you have the feeling that your mind is parting ways with your body, as if it allowed you to move on your own, unhindered by the matter you are made of, to enter a world of knowledge and thoughts alone.

You are now looking at your own body from the outside. You’ve become a pure thought, shaped like an ethereal version of yourself.

For now, the colours of the world are gone. You are in a world of shadows, but you somehow know that what you are seeing is our reality, as if you had entered, by the power of thought, some sort of backroom that only this ethereal body of yours can probe, a place from where it can detect more signals than usual.

The feeling is very pleasant.

Rousing, even.

The shapes of the surrounding trees are becoming more and more detailed now.

You can feel the presence of the river and of the wind, of insects and birds and even of some animals. The world is but shades of grey and yet you are aware that there is something else, something powerful that fills everything, something that surrounds you and is in you . . .

Elements?

Water?

Earth?

Wind and leaves?

They are there all right.

But the power that makes your skin tickle is different, originating from something that feels like a beating heart. Or many billions of beating hearts, rather, all busy filling the environment with their own rhythms and melodies.

Something is moving through it. An animal. In the distance. In the forest. A deer.

You hadn’t seen it earlier but it’s probably been there for a while, hidden behind tree trunks and leaves. It had blended in with nature. You can see it now. It’s about 50 metres away, picking up leaves with its lips, alert. Despite the distance, you have no problem seeing it grind them sideways while its ears are moving around like radar dishes.

The forest, the clearing, the river, the sky, they are all still dark. But the deer is now glowing, a lone orange light within the shadows. There’s an aura of heat and scents and focused awareness surrounding its silhouette. Its skin is covered with short hair that looks warm and soft, healthy. Muscles underneath are ready to bounce away at the first sign of danger.

It picks leaves for now.

One after the other.

Chewing them while its ears are scanning the soundscape independently of one another.

Slowly, the tree it is plucking its meal from lights up too, and both the tree and the deer soon radiate an organic light reminiscent of fireflies, a light that spreads within the animal and the tree alike, as if they were both filled with molten gold. Every part of the tree is now glowing, from top to bottom, from its highest branches to its countless intertwined underground roots.

You watch the leaves.

They seem filled with energy.

They’ve spent the whole day assembling sugars out of carbon dioxide they found in the air as well as water and nutrients they sucked out of the ground. They did all this thanks to an extraordinary source of power: the energy contained within the light rays shone throughout space by the Sun. That is what leaves do. They use the energy of sunrays to turn nutrients from the Earth into sugars. It is these sugars the deer is after. It needs them to power its own existence. It has no other way to feed itself. Without the plants, the deer wouldn’t be. Nor would any other animal. Photosynthesizing plant leaves are but encapsulated energy from the Sun, processed to be readily available for use by the living.

Around the deer and the tree, the glow now spreads faster and faster, from plant to animal, from animal to insect. A minute hasn’t yet passed, and a gigantic web of roots is now lighting up the entire forest underground as well as the clearing your body is lying on, revealing a maze of tree roots and shrubs and bushes and blades of grass, all visited by animals and countless insects, everywhere.

A magnificent display.

Like a Christmas light show.

Your ethereal self is standing in the middle of it all.

Everything that is alive is shining, filling the entire landscape, below and above ground, with a glowing spectrum of colour. Immense interlaced fungi webs seem to link everything together from underground, their strange filamentary bodies heading for the surface here and there, within patches of grass, in the shadows of stones or on decaying logs, for their fruits, the mushrooms, to sprout.

You feel elated, as if seeing the existence of all these organisms was feeding you with some kind of overwhelming joy.

Animals and birds are moving around on the ground, between the branches, or further up in the sky. Some are feeding on nectars or seeds, others are hunting. You can see them all as one, like you never have before. You are not in the shadows any more. Life is lighting everything up from deep below the ground to high up in the sky, all the way up to the clouds, and further up, still.

In the air, you recognize finches and tits and robins, as bright as little moons, shooting through colourful waves of microscopic organisms that have hitched a windy ride from far away only to land right here, right now, on the ground of your forest clearing, on the leaves of the trees. The air, you understand, the very air that covers the Earth and protects it from outer space, the air that we breathe and feel on our skin, is teeming with life. The whole Earth is teeming with life. Had you been in space, had you been looking at our planet with these ethereal eyes of yours, you’d see it glowing with the lights of life. And something suddenly strikes you: all these life forms, everywhere, are channelling some energy from one form to another, always transforming part of it into heat.

In a flash, a strange vision tells you that this energy exchange may well be about much more than life itself, that it may well be about time too.

Life, you whisper, creates time.

The idea is vague, and you’re not yet sure what it may mean, but you immediately look up, towards the cosmos, with the feeling that something extraordinary is about to reach you, something like a signal, a signal from far away.




7. | Little Green Men signal number 1

In 1967, Jocelyn Bell Burnell, from Northern Ireland, was a postgraduate astrophysics student at Cambridge when she detected a strange signal in the sky: a very regular pulse that consistently lasted 0.04 seconds and repeated itself every 1.3373 seconds. Such signals were unheard of, and Bell Burnell, together with her Ph.D. supervisor Antony Hewish, nicknamed it LGM-1, for ‘Little Green Men signal number 1’.

Fearing that such a name would create havoc and hinder her work, Bell Burnell did not mention it to the press. A wise choice, especially since it eventually turned out that the signal had nothing to do with an alien species. It was the fast-rotating remains of an exploded star, an object today known as a pulsar. The discovery was well worth a Nobel Prize, so a Nobel Prize was awarded to her supervisor, for her discovery. If you’re not sure you’ve read that sentence correctly, then it means you have.

Today, almost sixty years later, we still haven’t detected any message from outer space, at least none that has immediately been recognized as such. We don’t have the slightest idea what such a message would, could or should look like. In fact, we don’t know what extraterrestrial life forms could be, let alone if any exist, so we’re pretty far from being able to guess how they could communicate. Still, even though her signal wasn’t from aliens, Bell Burnell’s LGM-1 gave some scientists hope that with technological improvement, detecting something that was sent intentionally could become a real possibility someday.

In 1973, American astronomer and popular science writer Carl Sagan took that idea seriously. In a talk in front of the California Institute of Technology Women’s Club, in Pasadena, he wondered whether human technology was good enough to detect life in space at all. Back then, the best technology available had been sent to Mars, so Sagan wondered if that technology could, from Mars, detect life on Earth.

The talk became a paper entitled ‘Is there life on Earth?’, and the funny conclusion is that as far as the probe was concerned, the answer was no. Even a blue whale, the largest known animal to have ever lived on Earth, would have been impossible to detect from there. One could maybe spot a forest, but it would appear as a green patch, not as a group of individual trees, allowing it to be mistaken for inanimate mineral plains of a similar colour.

The next step, then, was to see if it was possible not to detect life, but intelligent life, maybe through the lights of a city at night, or hints of architectural designs, the kind that, were we to spot them on another world, would look suspiciously intentional. The probe’s resolution was of about a kilometre, so the idea was to find anything on Earth at least that big that could unequivocally be related to some kind of human intelligence.

Today, we are used to the idea that the Earth is lit up at night, that cities can be spotted from space. We’ve seen pictures taken from the International Space Station that show all this. But the International Space Station is only 400 kilometres above Earth’s surface. Mars, in comparison, is 56 million kilometres away when at its closest, and almost 400 million at its most distant.

From his calculations, Sagan concluded: ‘At one-kilometer resolution, there is no sign of life, intelligent or otherwise – in Washington, Boston, New York City, Moscow, Peking, Melbourne, Berlin, Paris, London, or any other major population center.’

Years passed, the technology improved, and in 1993, Sagan and his colleagues* eventually used a satellite named Galileo, by then on its way to Jupiter, to look back at our planet. They published their findings in the journal Nature, proudly announcing to the world that for the first time ever in human history, they had found, from space, unambiguous proof of life on a planet.

The announcement did not have an extraordinary impact because the planet in question was the Earth. But it did mean that humankind, at long last, had the technology needed to detect life in space. Sagan died the following year, in 1994, after having dedicated a huge chunk of his life to the search for intelligent life in the cosmos. With some fellow astronomers and physicists, he took part in the Search for Extra-Terrestrial Intelligence programme, or ‘SETI’, to listen to outer space in the hope of hearing some signal of clever alien civilizations. He never heard anything, but the real search hadn’t really started yet.

It did a year after his passing in 1995, when Swiss astrophysicists Michel Mayor and Didier Queloz discovered a world orbiting a star that is not the Sun, proving to humankind that such worlds actually existed.

For suggesting that idea in 1600, Italian philosopher Giordano Bruno was declared a heretic by Pope Clement VIII. The Inquisition sentenced him to be burned alive in public, naked, his tongue nailed to a piece of wood. Four hundred and nineteen years later, Mayor and Queloz received the 2019 Nobel Prize in Physics for proving that Bruno was right.

Today, it is estimated that there are about 1,000 billion planets in our galaxy alone, a figure astronomers have gone some way in confirming, by sighting more than 6,000 planets in our very close cosmic neighbourhood alone.

However, despite being populated by more worlds than we could ever count, the night sky your ethereal self is staring at has so far proven devoid of any recognizable alien signal.

•

You are back in your normal body.

The stars are twinkling above the trees.

Night has fallen.

The silhouette of a bird hovers above the treetops.

You watch it mindlessly for a moment, until it becomes one with the darkness.




8. | A Tree of Life

Every now and then in the history of humankind, a scientific breakthrough led to a deep change in the way we see ourselves or understand the reality of which we are a part.

There was a time, for instance, when we believed we were at the centre of the universe and were of a different origin to the rest of the living world. With time, the study of the stars irrevocably showed us that we weren’t at the centre of anything at all, and the study of the natural world told us that our history was no different from that of any other living organism. We are but one species out of the millions we share our planet with. And contrary to what some may still believe today, we aren’t even close to being the most successful one.

That isn’t to say that we are not exceptional, however. If not as individuals, at least as a species, if only because most of what we know of our world today does not stem from our personal experience of it. How many of us have seen, with his or her own eyes, how round our planet is? How many of us have analysed the light coming from the atmosphere of a faraway planet? How many have seen the tiniest living organisms that exist, deep down in the realm of the microscopic, let alone an atom? Not many. And yet there is a chance that we all have a more or less precise picture in our mind of our blue ball of a planet, of a faraway world with an atmosphere, of a pond filled with microbes, or of an atom. We have these visions because we’ve learned them and accepted them. They are part of our culture. Countless experiments convinced generations of experts who wanted to prove these ideas wrong that they were right.

But before such notions became accepted, they weren’t, mostly because the world we have access to through our senses tells us nothing about many of them – that is when it doesn’t lure us into believing the exact opposite. It is the filter of our education, of our culture, that builds our vision of reality. No two epochs in the history of humankind have seen the world the same way.

Darwin knew from day one that his theory of evolution by natural selection was bound to shake the foundations of Western religious belief, ripping humanity from its special place in the grand scheme of things. Humankind, Darwin’s theory said, was but one possibility out of millions of evolutionary paths that had sprung up over the millennia since life first appeared on Earth. Worse, arguably: it also gave humankind a new way of thinking about its origin.

Darwin and Wallace’s theory of evolution shattered at least two fundamental beliefs held by most of our ancestors, beliefs that some of us still (wrongly) share today.

The first one is that the species that


















[image: A rough pencil sketch of an evolutionary “tree of life” on a notebook page. At the top left is written “I think”. Below, a branching diagram spreads upward and outward from a single trunk, with several limbs splitting into smaller branches labelled A, B, C, and D, suggesting how species diverge from common ancestors. On the right, notes and questions are marked by oval borders, partly overlapping the branches.]
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LoNpoN, June 30th, 1858.
My Deai Sir:—The accompanying papers, which we have the honour
of communicating to the Linnean Society, and which all relate to the
same subject, viz., the Laws which affect the Production of Varieties,
Races, and Species, contain the results of the investigations of two
indefatigable naturalists, Mr. Charles Darwin and Mr. Alfred Wallace.

"~ *From Vol. IIL (1858) of the ‘Journal’ of the Linnean Society. The
original announcement of the principle of the origin of species by natural selec-
tion made by Darwin and Wallace before the Linnean Society will be of great
interest to readers of this journal. It is perhaps the most important event
in the history of science, and the circumstances give to it a dramatic charac-
ter. Sir Charles Lyell and Sir Joseph Hooker explain in their letter of trans-
mission how it came to pass that the manuseripts were presented. In this con-
nection, however, the following extract of a letter from Darwin to Lyell (June
25, 1858) may be reproduced :

There is nothing in Wallace’s sketch which is not written out much
fuller in my sketch, copied out in 1844, and read by Hooker some dozen years
ago. About a year ago I sent a short sketch, of which I have a copy, of my views
(owing to correspondence on several points) to Asa Gray, so that 1 could most
truly say and prove that I take nothing from Wallace. I should be extremely
glad now to publish a sketch of my general views in about a dozen pages or s0;
but I cannot persuade myself that I can do so honourably. Wallace says noth-
ing about publication, and I enclose his letter. But as 1 had not intended to
publish any sketch, can I do so honourably, because Wallace has sent me an
outline of his doctrine? I would far rather burn my whole book, than that he
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