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FOREWORD




For around 4 billion years, a horribly hot planet calmly did its laps around the sun, sizzling and bubbling. Then something really weird happened. Right in the midst of all that boiling and hissing, life began. Just like that. No one knows exactly how. But we know what the results were. All sorts of microscopic offspring soon covered the planet in purple, yellow, and white blobs of slime. In tepid pools and along the shores of the seas and in small cavities in the solidified lava from volcanoes . . . this living slime could grow everywhere. The smell must have been terrible, like sulfur and rotten eggs, and the stench of farts and stinky socks. But gradually other living things began to develop from that slime: worms and slugs, fungi and algae. And the surface of our planet, which we call Earth, has been teeming with all kinds of life ever since.

Four billion years after life first began in the form of bacteria, humans now walk around on our planet. Humans are animals, but we’re animals of a very special kind. We’re the only animals that can ponder tricky questions: Which socks should I wear today? What will the weather be like tomorrow? Why is water so wet? Where does life come from? And what about all these animals and plants? Where did they come from? And how about humans? It’s often children who ask these kinds of questions (adults are much more likely to think: Yeah, right, whatever). Children are curious. They want to know about all kinds of things. But fortunately some adults are curious too. They become scientists and try to find out why everything is the way it is. A physicist can explain why water is wet. A biologist can tell us why a worm is alive and a stone is not, or why farts smell so bad. And a paleontologist can work out exactly how huge a tyrannosaurus’s hind leg was. That’s how we come to understand more and more about how the world works. We now have a fairly accurate idea of how old the universe is and how old the Earth is, how animals and plants developed over the course of millions of years, and why the cow and the whale are more closely related than the cow and the horse.

But how to explain it all? Scientists are good at investigating all kinds of tricky questions, but explaining something tricky is a different job altogether. You need a journalist to do that, or a writer: someone like Jan Paul Schutten. He’s very good indeed at explaining complicated concepts. In this book, he explains such a huge number of things that you might need to read it a few times before you understand it all. Even more important, he also says that there are things we don’t yet know. We still don’t get how the very first life began. Did it just happen spontaneously? Did it come hurtling out of space? Was it actually created by a god? There’s still room for doubt about some scientific questions. Remaining curious and full of new questions is what makes science so much fun. What’s beyond the end of the universe? How many more years will the sun last? If birds are dinosaurs, is it really true that dinosaurs are extinct? Where was the first modern human being born? And how can learning about science be this much fun?

—Jelle Reumer, director, Natural History Museum, Rotterdam





JUST A QUICK WORD BEFORE WE REALLY GET STARTED




This book has some absolutely huge numbers in it. Numbers that are so big they’re hard to imagine. For example, Tiktaalik roseae, one of the heroes of this book, lived around 370 million years ago. You have 86 billion1 brain cells. And there are trillions of bacteria in your body. But what does that really mean? The following chart expresses those numbers in terms of time, to give you an idea of just how big all those millions, billions, and trillions actually are.
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CHAPTER 1



Marvels, Mysteries, and You

Let’s just take a moment to applaud the slipper animalcule! Who? What? The slipper animalcule, also known as the paramecium, is a tiny creature that’s smaller than the dot on this i. But why should we celebrate it? What’s so special about it? This tiny little thing deserves a huge round of applause simply for being alive. That’s more of an achievement than you might think! And I’m going to tell you why.

Danish professor Henrik Schärfe has created a robot version1 of himself. When the professor and his robot are together, people have to look twice to tell which one is the person and which one is the machine. The robot can’t do very much at the moment. It can move a bit, but what it does best is look like its creator. It can’t do anything else. Not even talk. But I’ll eat a whole sack full of rabbit food if someone, at some point in the future, doesn’t design a robot that looks just like a person, that can give intelligent answers to your questions, and that can even play soccer with you. In fact, I think we’ll be smart enough to build one within 30 years. But making a slipper animalcule? That task is thousands of times trickier.
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The tiny paramecium can’t do very much. It can swim a bit, doing the breaststroke with its minuscule hairs. It can drink dirty ditchwater and munch on the bacteria that are in the water. It can pee the water back out again. Well, it’s more like sweating than peeing. It can mate with another slipper animalcule. It can divide itself in two so that there are suddenly two slipper animalcules instead of one. What else can it do? Um . . . almost nothing at all.

The slipper animalcule might be capable of doing less than Professor Schärfe’s robot, but it can do one thing that a machine will never be able to: it can die. Of course, a robot can break, but that’s different. We can often repair something that’s broken, but we can never bring something back to life after it’s died. Life is very special, even though quintillions of creatures have already lived on Earth.
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The slipper animalcule is alive, and a robot isn’t—that’s the biggest difference. But there are also similarities. One of those similarities is that they’re both made from lifeless things. Everything you see—and everything you can’t see—is made of atoms and molecules. These are very, very small building blocks that make up everything in the universe, from slipper animalcules to trees, stars, planets, sacks of rabbit food, cucumbers, Joe Schmo from Buffalo’s stinky socks, clouds, cream puffs, and robots. Yes, even Lady Gaga is made up of atoms. And all of those atoms are completely lifeless. There’s as much life in them as a brick, a heap of clay, or a Lego brick. So how can life come from all those lifeless atoms? How did life on Earth begin? Where do slipper animalcules come from? Where do we human beings come from? Is it possible that other life-forms exist in the universe? You can read about all of these subjects in this book.

SIMPLE CELLS?

The slipper animalcule is a very simple creature. It consists of one single cell. Just as everything around us is made from atoms, everything that is alive is also made up of cells. And, of course, those cells are in turn made of atoms. But while the atoms are as lifeless as a Lego brick, the cells are bursting with life, as you can see when you study them through a microscope: everything is all swirling and sloshing around. If you could shrink yourself and step inside a cell, you’d want to jump straight back out again. It’s like a highway at rush hour, a log flume, a tornado, and a snowball fight, all wrapped up together.

How Many Cells Are There in You?

A cell’s made up of more parts than 20 of Professor Schärfe’s robots combined. And yet a cell’s so small that it’s impossible to see it with the naked eye. So if you can see a living creature, you know it has to be made up of a lot more cells than one. How many? Why don’t we take you as an example? You’re made up of, um, let me think . . . two, three, five, eight, nine, no . . . yes . . . 37.2 trillion cells. Thirty-seven point two trillion! 2 And you really, really, really need them.

In the time it takes you to read just this one sentence, around 10 million new red blood cells have formed in your body. They’re like tiny trucks that transport oxygen to the farthest reaches of your body. Without that oxygen, other cells in your body would die. But you’ve got trillions of cells in your gut alone. All together, they cover a surface area as big as a tennis court. They’re responsible for converting your food into fuel for your body. Without that fuel, you’d keel over and die. Or what about the cells that make up your heart? Your heart is a muscle that never grows tired. It beats every second, every minute, every day, year in, year out, without interruption, pumping blood through blood vessels with a combined length that goes twice around the world.

[image: Images]

Cells are alive. That means they can die. Luckily, you also have cells that can clear away the dead cells and dispose of them. If you don’t dust and clean your bedroom for a while, you’ll see some of those dead cells. A lot of the dust in your home is dead skin cells. You lose about 30,000 of them every minute. Nine pounds a year. Within just a few weeks, all of your old skin cells have been replaced by new ones.3

So, What’s Going on inside Your Body?

There’s a lot happening inside your body. I’ve mentioned just a couple of things, but in reality there are a few million. Per second. All of those events inside your body are controlled by your brain. The brain is made up of around 86 billion brain cells.4 They make your head a supercomputer that lets you do things that all the computers in the world couldn’t do, even if they all worked together. Like the air traffic control tower at an airport, the brain cells make sure all of the other cells in your body do what they’re supposed to do. They’re the most important and complex cells that you have.
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Is all of this starting to make your head spin? Good. That is the idea. You don’t have to remember all these numbers, though. You don’t even need to understand them. I only mentioned them to show you just how incredibly complicated your body is. The individual cells are special enough, but when they all work together in your body, they really are quite amazing. That’s because they’re the building blocks that make up you: a thinking, moving, talking, reading, laughing marvel.

Hey, if you gave the slipper animalcule a round of applause, you can give yourself a big hand now too. Go on!

MINUSCULE MARVELS

You are a marvel, the slipper animalcule is a marvel, and Joe Schmo from Buffalo’s stinky socks are a marvel—well, actually, not the socks themselves, but the bacteria that live in them. That’s because every single living thing is a marvel. Think about it. Can you make something living out of something that’s lifeless? Can you make a living plant out of Lego bricks, for example? No, of course you can’t.

Atoms are every bit as lifeless as Lego bricks, but for millions of years, this planet has been teeming with life, all of which is made up of those lifeless atoms. That’s a marvel, isn’t it? But it gets even crazier. You might think I wrote this book all on my own. That’s only half true. Because I have about three-and-a-half pounds of bacteria in my body,5 without whom this book would never have been created. Because if those little critters weren’t there, I’d die very quickly. The bacteria convert the food in my intestines into energy and break down substances. Everything that’s left over has to be expelled from my body. So they’re very useful. That’s why you’ve got a whole load of them too. There are millions of them just on the tip of your nose and on the end of your big toe as well, just as there are on every other square inch of your skin. But most of them are inside your body.

What Do Bacteria Look Like?

Those bacteria have been there since you were born. You already had some inside of you when you came out of your mom’s tummy, but the most important ones entered your body with her milk.6 They soon created a sizeable colony, and you’ve had these tiny companions inside your body ever since. Always in exactly the right quantities, too, unless you’re sick. So you’re never alone. Would you like me to introduce you to your inhabitants?
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The slipper animalcule is already pretty small, but bacteria are even smaller and punier. That’s why they appear on the slipper animalcule’s dinner menu. Bacteria come in all kinds of shapes: round, spiral, like a rod, in the shape of a comma or a bunch of grapes, and with and without a tail. That “tail” is called a flagellum, which is Latin for “whip,” and they can whirl it around 100,000 times a minute. It’s like a kind of motor that they use to propel themselves forward. But a flagellum is way more complicated than an engine built by humans. Even such minuscule creatures have a smarter design than anything the biggest brains at a university could devise.

What Do Bacteria Taste Like?

Bacteria can be found all over our planet, and they’ve been there ever since the very beginning of life on Earth. They’re the most successful living creatures. Wherever you look, they’re there. But you can’t see them, unless there are billions of them bunched together. You can taste them, though: there are plenty of bacteria in sauerkraut, yogurt, and spoiled milk. They’re to blame for the sour taste. In fact, there are so many bacteria out there that it’s difficult not to come across them.

Good bacteria keep you alive, but having the wrong bacteria in your body can prove fatal. That’s why operating rooms have to be cleaned very carefully and doctors wear special antibacterial clothing. If they wore their scrubs to eat a sandwich in the cafeteria or out in the fresh air, they’d immediately be covered in bacteria, and they’d have to put on new clothes. If someone in the OR is just a little bit sloppy, bacteria can enter the room—and within a few minutes there would be more bacteria crawling around than there are letters in this book. Bacteria are so strong that it’s almost impossible to get rid of them for any length of time. There are even bacteria that can survive traveling through space on the outside of a spacecraft for more than a year.7


A Round of Applause for the Bacteria?

That explains all the attention for these tiny little creatures. They’re the simplest life-forms on Earth. They exist closest to the boundary between living and not living. But they’re also among the oldest life-forms. They can be found in the deepest oceans and on the highest mountains, the coldest polar regions and the hottest deserts, the most toxic lakes and the deadliest volcanic zones. Just a spoonful of soil contains more bacteria than there are people on Earth. So bacteria are quite remarkable. Most important, without them, the other life on Earth as we know it wouldn’t exist.

What’s that? A round of applause? For the bacteria? No way! Are you crazy? Who’s going to applaud bacteria?

[image: Images]

THE BLACK MONSTER AND DEATH

Bacteria come in all shapes and sizes. There are even luminous ones! Some predatory fish in the sea can’t live without them. Take anglerfish, for instance. They’re monstrous fish with a spike on their backs that has a bag of luminous bacteria on the end, like a kind of wobbly lantern. It would be useless in bright, shallow water, but these creatures live deep beneath the surface of the water. So deep, in fact, that the sunlight can’t get through. It’s darker down there than a moonless night in an abandoned coal mine. But you can still see those little lights. The anglerfish happily wave them all around. That’s how they attract curious fish. But those fish never get to find out exactly what kind of lamp it is. As soon as they come anywhere near the anglerfish’s gaping jaws, they get sucked down into the creature’s stomach at a horrifying speed. Sad? Yes. But that’s just life when you’re prey (that’s what we call animals that get eaten by other animals).
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What Could Be Sadder than Dying?

Just imagine what would happen if no fish ever died. Now that really would be sad. A fish can easily lay around a hundred eggs a year,8 which produce 100 more fish. If those 100 fish have babies of their own, that makes 100 × 100: 10,000. And if they all have little ones, that makes 1 million. Within only three years! And a year later, that’s 100 million of them. A year after that, it’s 10 billion and another year later, that’d be . . . um . . . loads more. Within 10 years, so many fish would have been born that the entire planet would be covered with a thick layer of fish and fish eggs. And that would really stink.

So, it’s good that animals eventually die. Sometimes they die of old age. But fish don’t have walkers, false teeth, and retirement homes. Maybe an early death in the jaws of a predator is better than growing old and feeble. If you look at it that way, nature works perfectly: slipper animalcules eat bacteria, small and young fish eat slipper animalcules, predatory fish eat small fish, and so on. The animals keep their numbers under control, and there are never too many of a particular species for too long. It’s worked that way for hundreds of millions of years. And if nature worked any differently, you and I would never have existed. It almost makes you want to cry out, “Yay for nature!”

[image: Images]


What Works Better than Nature?

All the cleverest brains in the world wouldn’t be able to come up with anything that works better than nature. In fact, when humans start interfering with animals and plants, it’s chaos. In zoos and aquariums, the staff members have to work their socks off to keep everything healthy and alive: animals have to be fed, plants need to be watered, weeds have to be pulled, and so on and so on. Everything happens naturally in forests, jungles, and oceans, with no need for humans to get involved. And it goes on day after day. In summer, fall, winter, and spring. The workings of nature really are another marvel.

OKAY, THEN, JUST ONE MORE MARVEL

Just one last marvel and then we’ll really get started. That one last marvel is . . . all of us. You, me, Joe Schmo from Buffalo, and everyone and everything ever born. But let’s talk about you first. Whatever age you are, you actually need to add decades to it. Because there was a minuscule part of you that existed even before your mother was a baby in her crib! You come from one of your mom’s eggs. And that cell was in her body a few weeks before she was even born. Around nine months before your birth, one of your dad’s sperm cells fertilized that egg cell. From that moment, you were off to a fine start—even though you were nothing more than one single cell.

How Did You Grow?

As a single cell, you were only just beginning. The cell divided.9 And again. And again. Two cells became four, eight, sixteen, thirty-two, and so on. This went on for days and days. You were a microscopically small ball made of dividing cells. But then, after about 14 days,10 something else happened. Something quite remarkable. The cells didn’t just keep on doubling—they seemed to be following a plan. Some cells became your heart, others became your brain, and others became your bones. Suddenly you had a front, a back, a top, and a bottom.
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After four to five weeks, you were still no bigger than a grain of rice. But you’d reached a new milestone: your very first heartbeat! All being well, that heart should beat at least 2.5 billion times.11 A week later, tiny little stumps began to emerge, which would develop into arms and legs. Slowly, the rest of you began to grow. When you were 12 weeks old, you looked almost like a real baby.12 You were far too small to survive outside your mother’s womb, though. Your brain, in particular, still needed to grow. At that time, you were growing around 250,000 new brain cells per minute.13 By the time you were born, you already had a whole lot of brains, which is why your head was so large in comparison to the rest of your body.
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Who Put Nature Together So Perfectly?

After around nine months, it was time: you were born. You were done. Ready. Perfect. That one cell had become a little person. But how did that cell know it needed to split? How did some cells know to become heart, lung, right nostril, or left pinky finger? That really is a marvel, isn’t it? And what applies to you also applies to every other living creature. How is it that all animals and plants develop from nothing? Who put nature together so perfectly?

Every group of people in the world has asked this question. And every one came to the same conclusion: it must have been designed and created by a god. The Egyptians, for example, thought everything had been made by the god Ptah.14 He devised the creatures that would inhabit the Earth, and then he spoke their names. As soon as he did so, those creatures existed. The Mayan people believed all life on Earth was created by the gods Tepeu and Gucumatz.15 The two gods made all of the animals and plants and thought they had done well. They wanted a little appreciation for their work, so they created humans to praise them and their creation. In the Christian, Jewish, and Islamic faiths, there’s one god who created everything, in six days. In those stories too, the humans came last: Adam and Eve. And there are lots and lots of other stories about creation.


Who Can Prove How Life Began?

There were once very few people on Earth who doubted that all living creatures, trees, and plants had been created by a god. But all those tribes and nations, with all their different religions and stories about creation, clearly didn’t agree with one another. Their stories were very different indeed. And this is still the case. If you ask people from different religions how life on Earth began, you still get a lot of different answers.

Who’s right? No religion can prove its version of creation. People were naturally curious, so scientists began to investigate life on Earth and beyond. And that’s what this book is about. How do scientists believe life began? How did they discover all of their knowledge and information? And just as important: Are the scientists able to prove their explanations?
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CHAPTER 2



How Old Is the Earth?

CARRY 2, DIVIDE BY 6, MULTIPLY BY 3 . . . SO, GOD MUST HAVE FINISHED BY 6:00

To find out how life on Earth began, it’s helpful to know when it began. How old is the Earth, in fact? How old is the universe? Or are they both the same age? And what evidence do we have?

One of the most famous men ever to have calculated the age of our planet was Archbishop Ussher of Armagh. Just before his death in 1656, Ussher came to the conclusion that God created the Earth on October 23 in the year 4004 BCE (“before common era,” or sometimes “before Christ” in books that aren’t about science). It was a Sunday.1
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4,000 Years before Common Era—or over 4 Billion?

Ussher was not the only one who attempted to work out the age of our planet. Isaac Newton, for example, one of the greatest scientists ever, used similar methods in a thought experiment to work out how long it would take an Earth-size ball of molten metal to cool: 50,000 years.2 All of the scientists came up with different results, but they were still fairly similar. That was to be expected, as they’d all used the Bible as their source. Nearly all of Europe was Christian at the time, so most assumed that the Earth must be around 6,000 years old.3

There are still many Christians who believe that the Earth is that “young.” However, most other religions think the Earth is older. A Chinese folk religion, for example, says that the planet is around 38,000 years old.4 And Hindus believe that the Earth and the entire universe are around 4 billion years old.5 There are a lot more religions with different opinions.

What Are Seashells Doing on Top of a Mountain?

If you go for a walk high up in the mountains, you might spot something you wouldn’t expect to find there: seashells. And not just a few, either, but billions of them! It doesn’t matter which continent you’re on—you can find them everywhere. But how did they get there? Lots of different people came up with the same solution: there must have been a huge flood at some point, a gigantic deluge that made the sea reach the top of the mountains. That explains all of the stories about such an event; the one about Noah’s ark is the best known of these tales. But Scottish scientist James Hutton didn’t believe the stories. In 1785 he presented another explanation, one that focused on where the mountains, not the shells, had come from.

Hutton noted that mountains can only become smaller. Rocks and boulders always fall down, never up. Sand and stones wash down the mountain, not up. But the Earth hadn’t become flatter and flatter—after all these centuries of the Earth’s existence, there were still mountains. Those mountains must have grown up somehow. But how?6

Hutton could tell from the shape of some stones that they were once molten. He realized that the Earth must have thick liquid inside, like cheese fondue. The hard crust on the outside of the Earth could easily move on the surface of that liquid layer, with some parts of the Earth sinking and others rising. When two parts of the crust collided, mountains could form—just as a wave forms when two flows of water come together, but much, much more slowly. Hutton was unable to confirm his ideas at the time, but scientists nowadays are able to do so. And it turns out that the Scottish scientist was absolutely right: the tops of the Alps and the Himalayas were once seabeds, complete with shells.7

You could spend hours, even months, staring at a mountain, but you won’t see it move. The speed of mountains moving upward is incredibly slow. Hutton was well aware of that. The fastest-growing mountains rise by only fractions of an inch every year. Transforming a seabed into a mountain that’s miles high takes thousands, maybe even millions, of years. Hutton’s work told us the Earth must be very old indeed. But how old, exactly?

HOW DO WE KNOW HOW OLD A ROCK IS?

There were already plenty of people studying the stars, animals, plants, and chemical substances, but rocks? Before James Hutton came up with his ideas, this was viewed as a subject that was way too boring to waste time on. Looking at a few pretty minerals or fossils was fun, but studying layers of rock, day after day? That was a different story. Hutton changed all that. He made the science of stones and layers of rock exciting. Geology totally rocked!8

Geologists made one discovery after another. They came up with a way to classify different layers, so we could tell which time period they were from. They did this with the help of fossils. Wherever you go, you can find in the soil remains of animals that used to live long ago but which are now extinct. And there are more of them than you think. Even though there are so many types of animals and plants now in existence, around 99.9 percent of all species that ever existed have already died out.9

How Old Is the Earth, Exactly?

There are plenty of fossils from different time periods. And if two sections of rock contain the same kinds of fossils, they must be around the same age. We also know that the oldest layers are usually deepest in the ground. By studying the kind of fossils and the kind of rock, it’s possible to estimate how old a layer must be.
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That’s how the geologists used the different layers of Earth to divide up the history of our planet. One of these periods of geologic time is known as the Carboniferous. Layers containing coal were formed during that period. The Devonian is another period; the limestone found in Nevada’s Alamo Breccia formation comes from the Devonian.10 It’s a pretty handy way to divide up time. A layer of rock doesn’t form overnight, so the scientists knew the Earth must be hundreds of millions of years old. But they still had no answer to that one important question: How old is the Earth really?


Can Rocks Rot and Decay?

It wasn’t until 1956 that scientists were able to make a good estimate of the Earth’s age. That estimate was still made with the help of rocks and minerals, but also using a very different technique.

Crack an egg, place it under your bed, and wait for a few days. You’ll see—and smell!—the effect that time has on certain objects. The egg will rot and decay. That’s what ultimately happens to every living thing. But what about things that aren’t alive, like rocks?
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Rocks don’t rot or become moldy. It takes them hundreds of thousands or millions of years to change. But they do change. Like everything in existence, rocks are made up of atoms. And if you wait long enough, every atom changes. Atoms become unstable and lose some of their particles. When that happens, we say that the atom decays. A layer of rock is often made up of various different substances. You can find gold, for instance, or silver, or copper, in layers of rock. These are elements. And the atoms of the different elements decay at different rates. Some of them take a few days, while others take thousands of years.
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