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To Theo, Dylan, and Kusum, who know more about dinosaurs now than they ever wanted to.

—I. L.
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PROLOGUE: THE MAKING OF A MEGALOSAURUS FOSSIL

168–166 MILLION YEARS AGO

(MIDDLE JURASSIC PERIOD)

There were many ways that a Megalosaurus could die.

Maybe it couldn’t find enough food, so it starved to death.

Maybe it tried to hunt the wrong food. The mid-Jurassic period was home to some of the largest animals ever to walk on Earth, like the 90-foot-long Diplodocus. Its 45-foot tail could swing with enough speed to crack the air like a whip and kill a smaller animal such as Megalosaurus.

Or maybe the megalosaur just died from plain old bad luck. It stepped in a hole and broke its ankle. Or a tree fell on its head.

In the wild, death from old age isn’t an option. Life is nasty, brutish, and short.

No matter how it happened, the body sank down into the mud. Insects and scavengers quickly stripped away the skin and meat, leaving nothing behind but the bones.

Over millions of years, it was joined by its brothers, sisters, cousins, and great-great-grandchildren. The mud covered all of them in one giant, unmarked grave. Then slowly, slowly the minerals began to leach into the bones, turning them to stone.

They became fossils.

161–145 MILLION YEARS AGO

(LATE JURASSIC PERIOD)

The Earth’s surface is grinding together. The continents are breaking apart. The fossil bones begin to move.

Ocean waters rush in over the grave of the megalosaurs. The mineral-rich water soaks into the bones, coating them in tiny bits of coral and shell.
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Oxfordshire, England. A county full of mining villages totally unaware of what lay beneath their feet.



Tides come and go, sweeping more mud over the grave. The weight of the water and the mud crushes down, forming a solid layer of rock known as limestone. The bones are no longer buried in mud. Now, they are encased in a coffin of hard rock.

65 MILLION YEARS AGO

(K-T EXTINCTION EVENT)

A light tremor in the ground rattles the bones.

It doesn’t feel like much, but on the other side of the planet (in what will later become Mexico), Death has arrived.

It comes in the form of a comet approximately seven miles wide that slams into Earth at a speed of 10 miles per second. The explosion vaporizes three-quarters of all life on Earth. Everything on the planet’s surface turns to ash.

Around the entire planet, that ash forms a thin layer known as the K-T boundary. That boundary is a coffin lid closing over the entire era of large dinosaurs. No dinosaur bone will ever be found above that boundary line.

All traces of Megalosaurus and its kind are wiped clean from the surface of the planet.

65–23 MILLION YEARS AGO

(PALEOGENE PERIOD)

Volcanic eruptions, earthquakes, and receding oceans push the tomb of the megalosaurs up out of the water. Around the tomb is a piece of land big enough to be called an island.

It will be another 20 million years before the first humans evolve and start their funny habit of naming things. But when then do, they will name this island “Pretani” (“tattooed people”) to describe the earliest people who lived there.

That word soon changes into what we know today as “Britain.”

And there, in an area of Britain known as Oxfordshire, the bones waited. They waited for someone with a hammer and chisel to pull them out—one by one—from their grave. But to put those pieces back together, to re-form Megalosaurus, required a tool far more powerful than a hammer and chisel.

It required an idea.
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IMAGINE…

Try to imagine a Megalosaurus.

A 10-foot-tall, 30-foot-long, meat-eating reptile that weighed between 3,000 and 7,000 pounds. Its jaws had 3-inch, razor-sharp teeth that could tear 100 pounds of flesh off its victim in one bite.

Actually, that isn’t so hard, is it? Everyone can picture dozens of different dinosaurs in their head. We learn about dinosaurs when we’re very young and we accept the idea because, at that age, our imagination is open to anything. Plus, giant reptiles are awesome.

As we grow, the idea of dinosaurs is reinforced through movies, TV shows, video games, toys, and books. Dinosaurs have become a permanent part of our culture.

Now try to imagine this:

You’re living 200 years ago. At that point, humans had no idea that dinosaurs existed. There were no dinosaur books, dinosaur toys, or dinosaur movies. Many people didn’t even think Earth existed before the appearance of human beings.

Now imagine trying to explain Megalosaurus to that version of you. Or explain an Ankylosaurus—a 4-ton, 6-foot tall, 20-foot-long, plant-eating reptile that’s covered with spikes made of bone. It basically sounds insane.

Now, in that frame of mind, imagine you were one of the quarry workers in Oxfordshire, England, in 1676 who came across a rather oddly shaped rock that looked the bone shown on the left.
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This is the first dinosaur fossil ever pictured. It was like finding one piece of a jigsaw puzzle, and trying to rebuild the entire puzzle without seeing the picture on the box. Or knowing there was even a puzzle to solve.

It was only in 1824 that scientists realized that it was most likely the thighbone of a Megalosaurus—the first dinosaur ever discovered.

What happened in the 200 years between the discovery of the first bone and the first dinosaur that helped humans piece together the puzzle? How did we discover the idea of dinosaurs?

How did we imagine (and prove) the existence of something that we cannot see?
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This is Megalosaurus—the first dinosaur ever discovered.
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PART 1 TOUCHING THE ELEPHANT

THE SIX BLIND MEN AND THE ELEPHANT

Once, an elephant wandered into a village. In this village lived six blind men who had no idea what an elephant was. So they all visited the elephant and placed their hands on it to feel for themselves.

The first blind man felt the trunk and said, “I see. An elephant is like a snake.”

The second blind man felt the leg and said, “No. An elephant is like a tree.”

The third blind man felt the ear and said, “It’s like a large fan.”

The fourth blind man felt the side and said, “It’s a massive wall.”

The fifth blind man felt the tusk and said, “It’s a sharp spear.”

The sixth blind man felt the tail and said, “You’re all wrong. An elephant is a type of rope.”

They began to argue over who was right when someone walking by overheard them. He told them, “You are all wrong. But you are also all right. You only touched one part of the whole thing.”



This book is the story of a group of naturalists, philosophers, hobbyists, and scientists who were blindly searching underground when they touched an “elephant.”

This is the story of how they saw the light.

THE FIRST BONE

1676, OXFORDSHIRE, ENGLAND

The bone was from an elephant. It had to be.

At least, that’s the only thing Dr. Plot could think of as he studied the large fossilized bone in his hand (pictured left). Workers at a local quarry had found it 60 feet underground and called him to investigate.

His nickname was “the learned Dr. Plot” because he was the expert on all plant and animal life around Oxford, the oldest university in England. So he knew there was no animal in the entire country—not even an ox—that was big enough to produce a bone like this. Actually, it was only a fragment of a bone, but it still measured 2 feet long and weighed 20 pounds!

Dr. Plot had never actually seen an elephant, mind you. The only people in seventeenth-century England lucky enough to see an elephant were those who had access to the king’s personal zoo in the Tower of London. But the idea of elephants in England was famous.

Every schoolchild knew the story of how the Romans conquered Britain. The Roman emperor, Caesar, attacked the island in 55 B.C., but was pushed back by fierce local tribes. So Caesar returned a year later with the Roman army’s most terrifying weapon—a war elephant.

The Romans took a 10,000-pound, 10-foot-tall African elephant and covered it in iron armor. They mounted a squad of archers on its back, whipped the animal into a frenzy, and sent it charging into battle. The Britons had never seen anything like it. A Roman historian gleefully described what happened next: “If the Britons were terrified at so extraordinary a spectacle, what shall I say of their horses? The Britons… abandoned themselves to flight, leaving the Romans to pass the river unmolested, after the enemy had been routed by the appearance of a single beast.”

[image: Image]
Roman war elephant causing carnage in battle.



The bone in Plot’s hand was certainly old enough to come from that original war elephant. It had been buried so long that it had somehow mysteriously turned to stone.

In reality, Plot was holding the first Megalosaurus bone ever discovered, but he didn’t know that. In the seventeenth century, very little was known about fossils in general and absolutely no one had any idea that dinosaurs existed. Beneath the surface of Earth was an unknown, alien world filled with mystery.

THE MYSTERY OF THE FORMED STONES

The word “fossil” didn’t mean what it does today.

A “fossil” in Plot’s time meant “anything dug up from the ground.” That applied to everything from pottery and coins to rocks, crystals, and the most peculiar thing of all, “formed stones.” These were the stone objects pulled out of the ground that looked exactly like plants, shells, and bones.

Nowadays, we know that these fossils are the mineralized remains of ancient animal and plant life. But people in the seventeenth century were baffled. They had no idea what they were, where they came from, or how they were made.

They did, however, have a lot of theories.


“Mystery creates wonder and wonder is the basis of man’s desire to understand.”

—NEIL ARMSTRONG



One of the most popular ideas was that there was a “plastic force” in the ground. Earth (although some said it was a “World Soul” or a “Realm of Eternal Forms”) was jealous of the world aboveground and used this “plastic force” to twist itself into copies of living things.

Others believed that formed stones were caused by the stars and moon exerting cosmic forces upon Earth. Some believed that fossils were like flowers that grew underground—they were nature’s way of making the underworld more beautiful. Or better yet, fossils were simply funny coincidences, or “sports of nature,” in which stones came to look like bones.

In the local quarries, Dr. Plot frequently found “formed stones” that looked like seashells and fish skeletons. As a professor of chemistry at Oxford University, he tried to come up with more “scientific” explanations for their existence. Perhaps, he thought, the “plastic force” was not some spiritual force but simply salt (and urine!) crystals, which grew into these shapes by pure coincidence.

However, this larger bone was different. Plot had to admit that it looked so similar to an animal bone that it couldn’t just be crystals. It must have come from an actual animal.

As he struggled with how to identify the bone, Plot had a stroke of luck. “There happily came to Oxford… a living Elephant to be shown publicly.”

An elephant in England! This was a rare treat indeed. The general public saw it as grand entertainment. Dr. Plot saw it as an opportunity for research. He compared his mystery bone against the elephant. What he found surprised him: “Those [bones] of the Elephant were not only of a different Shape, but also incomparably bigger than ours.…”

Dr. Plot was stumped. In desperation (or in search of inspiration), he looked in the Bible and read:


“There were giants in the earth…”

—Genesis 6:4
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In the book of Deuteronomy is the story of a king named Og, who was 12 feet tall, and “a land of giants” who were “the height of the cedars and… as strong as the oaks.”

In seventeenth-century Europe, the Bible was seen as the ultimate source of truth. This was all the proof that Plot needed. He wrote about his fossil: “If then they are neither the Bones of Horses, Oxen, nor Elephants… they must have been the bones of Men or Women.”

Plot wasn’t the first person to turn to religion to explain the existence of fossils. For tens of thousands of years, humans told stories and invented mythologies to explain things about the world that they didn’t understand—rain, thunder, lightning. And two of the biggest mysteries of all were the stars in the sky above and the bones in the ground below.

What’s fascinating is that in cultures around the world (even though they were separated by oceans and thousands of miles), these stories wound up sounding similar. When early humans looked up at the stars, they saw gods. When they looked at the massive bones in the ground, they saw monsters.

GODS AND MONSTERS

It was a modern folklorist named Adrienne Mayor who first noticed that the ancient Greek stories of the griffin (which had the body of a lion, head and claws of an eagle, tail of a serpent) perfectly described a Protoceratops. The Greeks believed that the griffin guarded treasures of gold. Mayor discovered that fossilized skulls of Protoceratops were often found in Mongolia, where the Greeks traveled to trade for gold.

Once Mayor made this connection, many stories from ancient religions made sense. Skulls of extinct mastodons, a common sight in Greece, were imagined as a race of one-eyed giants called Cyclops.
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There were similar stories all around the world. In North America, many Native American tribes had myths that tried to explain the origins of fossils. The Sioux tribe of the South Dakota badlands believed in “Unktehi,” a mythical, horned, water-monster god, which closely matches the description of the recently discovered Dracorex hogwartsia (yes, its name is inspired by Harry Potter).

In Mexico, the Mayans believed the god of the underworld was a giant crocodile. Cliffs and caves around the sites of Mayan cities show large numbers of crocodile and fish teeth fossilized into the rocks. In China, farmers dug up massive, fang-filled reptile skulls and imagined a race of ancient dragons. In each case, these monsters had mysteriously vanished from Earth.

These stories show that humans have had a long and deep fascination with fossils and the idea that we shared the same planet with other, more exotic forms of life. But none of them helped to solve the mystery of what these creatures truly were, where they had come from, or where they had gone.


A DINOSAUR NAMED SCROTUM

When it comes to naming a species, there are a number of very precise rules and regulations. One of them goes something like this: If a fossil is discovered and given a name, and then turns out to be part of a unique species, then that species should take the name of that first fossil.

In the 1970s, a paleontologist (perhaps jokingly) argued that by this logic, Megalosaurus should have its name changed to Scrotum humanum (or perhaps Scrotum-o-saurus, for short).

To decide the matter, an international panel of experts sat around in a room and seriously debated the pros and cons of renaming the first dinosaur in history after a large testicle. They decided against it.

The Megalosaurus name survived.



Myths have the same problem as the theories of plastic and crystalized pee. None of them are based on evidence. Since a myth contains no specific information (measurements, data), it’s impossible to prove or disprove. It’s impossible for others to examine and develop their own ideas.

This left every fossil open to whatever interpretation someone wanted to give. For instance, a century after Plot decided his fossil was the thighbone of a biblical giant, a physician named Richard Brookes examined the same bone and came to a slightly different conclusion.

To him, it looked exactly like a pair of giant testicles. He named it accordingly: “Scrotum humanum.”

WHERE WE BEGIN

Humans have been wondering over fossils for thousands of years, but the reason this book starts with this particular fossil is because of what Dr. Plot did next.

He examined it closely. He measured and described it in detail (weight, size, composition). He even illustrated it… and then he recorded all of this information in a book.

Plot may not have understood fossils, but because of this record we are able to look back and identify what it truly was—the thighbone of a megalosaur.

Plot had created the first scientific illustration and description of a dinosaur bone.

He didn’t come up with this idea on his own. It was one of the fundamental techniques of a new method of thinking that was spreading all over Europe at the time. Its name was Science, and it was the key to unraveling the mystery of “the formed stones.”

Despite his efforts, Plot couldn’t really be considered a “scientist” from a modern perspective (the word itself wouldn’t even be invented for another 150 years). His ideas were still rooted in the world of plastics, crystals, and monsters from the Bible.

Ironically, the transition away from mystery and mythology to scientific fact truly began when two fishermen pulled a real-life monster from the sea.
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Since science begins with the gathering and recording of information, then the science of dinosaurs began with this book.
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PART 2 THE SCALPEL AND THE MICROSCOPE

THE MONSTER FROM THE DEEP

1666

The Mediterranean Sea is one of the most beautiful places in the world, but when two French fishermen lowered their hooks beneath the brilliant blue surface of the water, they had no idea that there were monsters lurking below.

Now they were in a fight for their lives. Something bit their line, and it was large enough and strong enough to drag their boat for miles or destroy it. They didn’t have time to sail home. They had to land immediately, so they made for the nearest shore, which happened to be in Italy.

As they approached, the local villagers ran out to lend a hand. Working together, they dragged the fish out of the water. Even on dry land, it thrashed so violently they had to stop it before it killed someone. So they lashed it to a tree and beat it with clubs until it was dead. Only then could they get a proper look at it.

It was a great white shark—2,800 pounds of pure muscle.

The news spread fast. Great whites were a rare catch in the Mediterranean Sea, and a beast of that size was the catch of a lifetime. The story traveled from village to village until it made its way to the nearest city, Florence. The Grand Duke who ruled Florence was so impressed that he called for the beast to be brought to the capital so he could see it in person.

This was easier said than done. Florence was 60 miles away. The shark was so large that there was no way they could carry its body that far. So they came up with a solution. They chopped off the head of the shark and loaded it onto the back of a cart.

Whoever they passed along the way would have experienced the strangest sight (and worst smell) of their life—the massive, rotting head of a great white shark resting on the back of a horse-drawn cart, slowly creaking its way up a dirt road toward one of the most extraordinary places on Earth—Florence, Italy.

If those fishermen had landed in any other country, near any other city, that shark would have simply become a local fishing legend, a trophy, or soup. But Florence was different.

Florence is the city where Science was born.

THE CITY OF REVOLUTION

The fishermen were driving the shark head into a city in the middle of a revolution. But there was no blood on the streets, no angry mobs carrying pitchforks. Instead, they passed students carrying books. They passed students setting up exotic new technologies like thermometers, barometers, and weather gauges around the city. The students belonged to the Accademia del Cimento (“school of experiments”). This was the very first school dedicated to the idea of measurements and experimentation. It was also where the first piece of the puzzle of dinosaurs would fall into place.
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It seems strange, from our modern perspective, to think of “science” as an invention, but that’s what it is. Science is a tool created by humans to discover the truth about the world around them. Without it, the discovery of dinosaurs would have been impossible.
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Galileo Galilei, Godfather of science.




This was the Scientific Revolution.



There are many reasons why the Scientific Revolution occurred:


	The invention of the printing press in the fifteenth century spread ideas further and faster than ever before.

	The rise of the Protestant religion in the sixteenth century challenged the idea that the Catholic Church was the only source of knowledge.

	The invention of mechanical clocks (in the fourteenth century in Europe, although it was much earlier in China) showed that time—the rhythm of the sun and moon—could be measured and copied.

	The invention of the telescope in 1608 showed that the planets and stars followed the same patterns as the sun.
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Galileo observing the night sky with students in Venice, Italy.



From this, philosophers came to a realization. A clock is a machine—a collection of moving parts that follows simple rules. If a machine can mimic the movements of the universe, then maybe the universe itself is just one big machine. Maybe the universe follows a few simple rules.

Science began with the idea that if we take enough measurements, and analyze them correctly, we can figure out the rules of the universe. Florence became the first city (with the first school) dedicated to this idea because it was the home of one of the first, and most important, scientific revolutionaries—Galileo Galilei.

THE TRUTH IS IN THE STARS

It’s one of the peculiar quirks of science that the solution to the mystery of bones in the ground began when humans looked up in the sky.

Galileo Galilei (1564–1642) was a clock maker, inventor, engineer, and mathematician. But perhaps his greatest contribution to science was his study of space. Excited by the invention of telescopes, Galileo built (by hand) the most powerful telescope of the time. He used it to observe and precisely record the movements of the planets and stars. Then, he mathematically proved that Earth revolved around the sun.

That directly contradicted the Catholic Church, which taught that the universe revolved around Earth. To silence him, the church sentenced Galileo to permanent house arrest at his home in Florence. But that didn’t stop Galileo.

Since Galileo couldn’t leave his house, he invited people in. He turned his home into a school for a whole new generation of students, including Ferdinand de’ Medici, the young prince of Florence. When Ferdinand became the Grand Duke, he created the “school of experiments” in 1657. It was dedicated to following Galileo’s advice:


“We ought to begin not with Scriptures, but with experimentation and demonstration.”

—GALILEO GALILEI



Galileo stressed the importance of observation. This may seem obvious, but the idea of “observing the world around you” was relatively new. Before the creation of science, many European scholars believed that all human knowledge was contained in a few books, such as the Holy Bible. Learning meant memorizing those books, and obeying the teachings of the Catholic Church. Discovering new ideas outside those books wasn’t just wrong, it went against the word of God.

Galileo disagreed and helped develop a series of steps for discovering the truth:


	Observe

	Ask a question

	Create an explanation for your question (a “hypothesis”)

	Test your hypothesis with an experiment

	Reach a conclusion: accept or reject your hypothesis



This became known as the Scientific Method, and the professors and students of the Accademia del Cimento were the first to use it. As the success of the school grew, different buildings were established around Florence to explore different areas of science.


GALILEO IS PUNK

Galileo could easily have avoided his punishment. When he published his findings in the book Starry Messenger (1610), the church put him on trial for heresy (contradicting the teachings of the church).

They found him guilty, but the pope set him free with only one demand—that Galileo stop teaching. Galileo, however, was not the sort of person who liked being told what to do. He wrote another book with a character based on the pope. The pope character’s name was “Simpleton.”

The pope was not amused. He banned Starry Messenger and arrested Galileo.



It was one of these buildings that was the final destination of the fishermen and their cart. When they pulled up in front of the school, several men were required to lift the stinking, rotting shark head off the cart and carry it inside. There, they placed it on a table specially set up in the middle of a stage. Waiting for them was a 27-year-old man with shoulder-length black hair by the name of Nicolaus Steno.

Next to the table was a set of knives that Steno began to sharpen. It was time for his show to begin.…

THE SCALPEL

The Scientific Revolution spun off into many different subjects—physics, astronomy, zoology, chemistry. But the most popular by far was anatomy.

The idea of dissecting a human body to understand how it works started with the ancient Greeks. But when the Catholic Church rose to power, it condemned the practice as blasphemous. Doctors wanting to learn about the human body weren’t allowed to study an actual human body. Instead, they had to memorize a book written by one of the Greeks (1,500 years earlier) about the internal organs of an ape.

This changed in the seventeenth century when a group of French medical students, inspired by the ideas of the Scientific Revolution, began sneaking into cemeteries at night. They stole the bodies of executed criminals, dissected them in secret, then wrote and illustrated books detailing what they found. These images proved so helpful to doctors that the church relented and allowed the dissection of cadavers to continue.
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The popularity of dissection skyrocketed. “Anatomy theaters” were built to hold large crowds. Tickets were sold to the general public, who came to see bodies opened and to touch the internal organs that were passed around. To make extra money, anatomy professors made belts from the cadavers’ skin and sold them as souvenirs after the show.

Of all the anatomists in Europe, the most famous was Nicolaus Steno. His talent for dissection was obvious from the moment he entered medical school in his home country of Denmark.

“In truth, he is a genius,” wrote one of his teachers. His skills with a knife were extraordinary, but what made him truly stand out were his observational skills.

Up until that time, people thought the human heart was a boiling pot of blood or a container that held the “vapors” of our soul. Steno’s knife laid bare the truth—the heart was a plain old muscle.

[image: Image]
One of the earliest anatomy theaters (17th century). Leiden University, Netherlands. Note the social atmosphere.
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He discovered the salivary gland and the tear gland. Before this, people thought that tears were caused by grief literally squeezing fluid out of the brain. Steno wrote several books about his discoveries, which proved surprisingly popular. The excitement of the Scientific Revolution was slowly spreading out beyond a small group of “natural historians,” as early scientists were called, and into the educated public.
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Steno took advantage of this to earn a living. He left school and began touring the capitals of Europe like a rock star. He visited wealthy homes and provided after-dinner entertainment at parties. As well-dressed ladies and gentlemen gathered around, he would dissect sheep heads and horse eyeballs and explain the latest research.

[image: Image]

One partygoer wrote, “This Monsieur Steno is the rage here [in Paris].… Neither a butterfly nor a fly escapes his skill. He would count the bones of a flea—if a flea had bones.”

Word of Steno’s skills eventually reached Grand Duke Ferdinand in Florence, who invited him to the Accademia. That is how Steno found himself standing onstage next to a giant shark’s head as the members of the Accademia—philosophers, naturalists, and inventors—filed into the theater. The Grand Duke was there, eager to see Steno perform.

[image: Image]
Steno’s patient and costar on the anatomy stage, 1667.



When they had taken their seats, Steno approached the shark. The whole audience would have leaned forward eagerly to get a better view. Then Steno picked up his knife… and sliced open the head.

In the tradition of Galileo, he began to observe.

He found the shark’s ear, hidden underneath the skin. He noted the surprisingly small size of its brain (only 3 ounces). But it was the jaws that truly caught his attention. They were large enough to swallow a grown man. And those teeth…

They were 3 inches long and razor sharp. There were thirteen rows of them, lined up and ready to replace any that broke off while chewing a particularly tasty treat. More importantly, Steno couldn’t help but notice that he had seen teeth like these before. They looked exactly like glossopetrae—also known as tongue-stones.

BONE, NOT STONE

Tongue-stones were small, triangular pieces of stone that supposedly looked like the tongue of a dragon. They were very popular in Italy at the time and many people wore them as good luck charms around their neck. This “good luck” came in many forms. People believed that tongue-stones could guard against liquid poison and sorcerers’ spells. They could heal “plagues, ill-disposed fevers, burns, poxes, pustules,” as well as labor pains and epilepsy. If a young man wanted to “court faire women,” they were “very necessary,” possibly because they could also prevent bad breath.

The supposed healing power of tongue-stones was so remarkable that their legend had reached as far north as Denmark, where Steno studied them in medical school. Despite their popularity, tongue-stones were surrounded in mystery. They mostly came from Malta, an island off the
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