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Dinosaur timeline showing all the dinosaurs of the movie franchise so far and when they existed





INTRODUCTION:HOW DID JURASSIC PARK TRANSFORM DINOSAUR SCIENCE?


“I think the first Jurassic Park was the best thing that’s ever happened to dinosaur paleontology. That led to an explosion of public interest in dinosaurs . . . and that led directly to a lot of museums putting out dinosaur exhibits. A lot of universities put out courses, and [there was] a lot more interest and money in the field. A lot of my colleagues got jobs specifically because of Jurassic Park, because a museum or university wanted to hire a paleontologist after that. So, I do think there is a really, really good chance I wouldn’t have my job today if the book was never written, if the movie was never made. I think dinosaur paleontology right now would still be a really niche discipline, with only a handful of people around the world studying it.”


—Interview with paleontologist Steve Brusatte, The Verge (June 23, 2018)


“Until twenty years ago dinosaurs were widely assumed to be large lumpen lizards that became extinct millions of years ago. Discoveries in China have since shown dramatically that many were fast and feathered and some survived the great extinctions and are the ancestors of our modern birds. The recently discovered Chinese fossils of feathered dinosaurs are so well-preserved, scientists can even work out the feathers’ color and where they were found on the dinosaurs’ bodies and theorize about their use for displays, insulation and, in some cases perhaps, flight. Even a large T. rex may have had downy feathers, and it appears the small velociraptors had long quill-like feathers arranged on arms that look like wings.”


—BBC Radio 4, “In Our Time: Feather Dinosaurs” (2017)


An Iconic Dinosaur Movie


Jurassic Park was not the first science fiction to influence science, of course. To name but a few early influences: The submarine was invented in the imagination of Jules Verne’s 1870 book Twenty Thousand Leagues Under the Sea. The atomic bomb was conjured up by H. G. Wells in his 1914 novel The World Set Free. And NASA stole the 10-9-8-7-6 idea of the rocket countdown from Fritz Lang’s 1929 sci-fi film Frau im Mond (Woman in the Moon). Over the years there have been many, many more.


But here’s the unique thing about the science fiction of Jurassic Park: It influenced the way in which science looks at the past, rather than the future. The evolution of the field of dinosaur science, how it has blossomed by bounds and branched out in recent years, has been thanks in no small part to Steven Spielberg’s iconic movie.


It all began in 1993. The year before had seen mostly mundane movies. But when Jurassic Park premiered on June 9 at the Uptown Theater in Washington, DC, and on general release from June 11 in the United States, it went on to gross over $914 million worldwide in its original theatrical run. Jurassic Park became the highest-grossing movie of that year, and the highest-grossing film ever at the time, a record held until the 1997 release of Titanic. Following Jurassic Park’s three-dimensional (3D) re-release in 2013, in celebration of its twentieth anniversary, the dinosaur movie became only the seventeenth film in history to surpass the $1 billion ticket-taking sale total. Finally, in 2018, it was announced that Jurassic Park was selected for preservation in the United States National Film Registry by the Library of Congress for being “culturally, historically, or aesthetically significant.”


And just look at the franchise Jurassic Park went on to spawn. Adjusted for inflation, Jurassic World is the seventh-highest-grossing movie franchise of all time (for more data see IMDB):


1. James Bond


2. Star Wars


3. Marvel Cinematic Universe


4. Harry Potter


5. The Lord of the Rings


6. Batman


7. Jurassic Park


8. Spider-Man


9. Pirates of the Caribbean


10. X-Men


Such statistics came with a cultural clout. Moviegoers the world over were seduced by the sight of the dinosaurs. Gone were the days of clunky stop-motion “T. Rex versus Trike” droll dinosaur battles to the “death.” In its place were stunning technical achievements in visual effects and sound design. Jurassic Park is still considered a landmark in the development of computer-generated imagery and animatronic visual effects. I vividly recall seeing the film for the first time. Sitting in movie theaters, many of us were struck by the realization of what the ongoing CGI revolution might mean for presenting science on the silver screen. The dinosaurs were created with groundbreaking CGI by Industrial Light & Magic, the American motion picture visual effects company founded in May 1975 by George Lucas. The dinosaurs looked jaw-dropping.


As a result, we shared in Dr. Alan Grant’s emotions as he first sees the brachiosaurus (I am happy to tell you it’s pronounced brake-ee-o-saw-rus) move across the screen with such towering elegance (even if its haunting call is actually the sound of a whale and a donkey). Fictional paleontologist Grant seems so gobsmacked by the CGI, which finally does justice to the science, that he merely utters, “It’s a dinosaur!” When John Hammond tells Grant that the Park also has a T. rex, Grant almost faints and barely recovers before we spy a herd of brachiosaurs and crested, duck-billed parasaurolophus at the lake. Later, Hammond declares of the Park’s dinosaurs, “They’ll capture the imagination of the entire planet.” And so, they did.


A New Generation of Dinosaur Hunters


Without Jurassic Park, many dinosaur hunters wouldn’t have a job. The movie led to an explosion in the public’s interest in dinosaurs. And soon, by extension, it led to a boom in people wanting to research dinosaur science. How did this renaissance happen? The movie created a brand-new image of dinosaurs for the emergent generation. Dinosaurs were now dynamic, lively, and intelligent creatures. The explosion of public interest meant a lot more museums created dinosaur exhibits. And there was a huge increase in the number of colleges and universities running dinosaur-related courses. And that meant more money for the field of dinosaur science.


Many professional scientists believe that, were it not for Jurassic Park, dinosaur paleontology would still be a niche discipline. There would probably be just a handful of people studying it, and not a very diverse group of people at that. The Jurassic Park franchise revolutionized the field, and scientists reaped the rewards because there were so many people around the world who were galvanized by the movie.


As a result of this revolution in dinosaur science, one of the great ironies is that the Jurassic Park films soon became out of date. The task of this book is to compare the fiction of the Jurassic films with the facts we have learned about dinosaur science since 1993.



Jurassic Thought Experiment


Jurassic Park was an amazing thought experiment. Scientists also use thought experiments. German genius Albert Einstein was famous for them. In his youth, he mentally chased beams of light. The technique led to his famous Relativity Theories. Jurassic Park was a testing ground for discussing the scientific and ethical challenges of bringing back the dinosaurs. To create a theme park, and to discover how dinosaurs from different times would interact. Because T. rex didn’t coexist with brachiosaurus. And neither of those two dinosaurs lived at the same time as Dilophosaurus or Velociraptor. Such creatures lived at different times, in different places, as we will discover later. But this is one of the things that makes Jurassic Park such a great thought experiment for science too. How would T. rex deal with the Velociraptor? How would these very different types of predators cope with a new and weird wilderness?


What’s the biggest flaw in the way the Jurassic Park thought experiment was pictured? Lack of feathers. Forget, for now, the genetics of bringing dinosaurs back to life. The one big omission in the film’s portrayal of its thought experiment is the absence of feathers on some of the dinosaurs, as we now know many dinosaurs were feathered. Jurassic Park did such a good job of picturing its CGI’d dinosaurs that most of the public would now probably find it weird to see these huge creatures feathered. Imagine being chased by a murder of feathered velociraptors. Because we know they had feathers. And we know they actually had wings. In my opinion, the fact that they actually looked like giant killer-birds makes them even more terrifying!


Dinosaurs Aren’t Just for Kids


Who is this book for? You’ve probably noticed that there are so many dinosaur books for children that a library’s worth of them would weigh the same as an Argentinosaurus. Sadly, there are comparatively few dinosaur books for adults. Especially popular science books aimed at the Jurassic franchise which, after all, is often the reason for a love of dinosaurs.


This book aims to right this wrong. We are, after all, living in a golden age of dinosaur science, a golden age of new dinosaur discoveries. It’s time this tale was told against a backdrop of one of the most successful film franchises of all time. And, whether or not you want to relate to a childhood enthusiasm for dinosaurs, you will hopefully learn why dinosaurs are so fascinating, what makes them topical still, and why it’s scientifically important to understand them.


So, read on, and experience the amazing story of the birth of the dinosaurs, how they evolved to world dominance, how some became gargantuan in size, how others grew wings and flew, and how the rest of them met an untimely end, at the peak of their dominance. It is a tale which paves the way for our modern world.


It’s also a tale of some of the most amazing creatures ever to grace this tiny planet. Their global dominion over nature is a story that stretches over 150 million years of deep time, and the evolution of fantastic creatures that does justice to some of cinema’s most incredible creations.





HOW WAS DEEP TIME DISCOVERED?


“Push up some mountains. Cut them down. Drown the land under the sea. Push up some more mountains. Cut them down. Push up a third set of mountains, and let the river cut through them . . . What is 40 million years? Enough time for a small predatory dinosaur to evolve into a bird. Enough time for a four-legged, deer-like mammal to evolve into a whale. And far more than enough time to turn an ape-like creature in eastern Africa into a big-brained biped who can marvel at such things . . . Such analogies hint at what deep time means—but they don’t get us there. ‘The human mind may not have evolved enough to be able to comprehend deep time,’ John McPhee once observed, ‘it may only be able to measure it.’”


—Keith Meldahl, Rough-Hewn Land: A Geologic Journey from California to the Rocky Mountains (2011)


In Jurassic World: Fallen Kingdom, much of the action takes place at Lockwood Manor. The Lockwood Estate, situated in Northern California, belongs to Sir Benjamin Lockwood, wealthy philanthropist and longtime friend and business partner of John Hammond. The grandest part of the Manor is its museum parlor, which is adorned with large dinosaur diorama displays, similar to Disneyland and real-world museums such as the Smithsonian National Museum of Natural History. Many moons ago, the dinosaur discoveries in the Smithsonian were housed in a Lockwood-like room known superbly as the Hall of Extinct Monsters. Today, that same space is known as the Deep Time Hall. And the scientific discovery of deep time, as we shall now see, is a tale of such drama it’s well worth some kind of Steven Spielberg treatment.


The Great Chain of Being


The story starts in the medieval Age of Faith. This was a time when it was thought all things were created by some god, or gods, above. Just as a typical medieval town was walled-in, so was the medieval universe. A walled-in cosmos, bounded between Heaven and Earth, closed to the ravages of change and time. It was a fully connected cosmos, from the realm of God beyond the stars, through the nested planets carried along on spheres of crystalline perfection, and down to the dark and lowly corruptible Earth at the center.


This old universe was an ornate pageant of divine creation, known as the Great Chain of Being. Within the broad boundaries of this cosmos sat a cornucopia of creation: an infinite procession of links, stretching from God above down to the lowliest form of life. This scale of being, or scala naturae, was a strict hierarchical system, ranging from the highest perfection of the unchanging Spirit, who sat at the top of the chain, down to the fallibility of flesh at the core, mutable and corruptible “Man.”


Every creature and object had a place in this great scheme of things. And each place was determined in a rather anthropocentric way, often according to its utility to humans. For example, wild beasts were superior to domestic ones, since they resisted training. Useful creatures, such as horses and dogs, were better than docile ones, such as sheep. Easily taught birds of prey were superior to lowlier birds, such as pigeons. Edible fish were higher up the totem pole than more dubious and inedible sea creatures.


Even aesthetics came into it. Beautiful creatures such as dragonflies and ladybirds were considered more worthy of God’s glory than unpleasant insects such as flies and, no doubt, dung beetles. The poor snake languished at the very bottom of the animal segment, relegated as punishment for the serpent’s actions in the Garden of Eden. Some aspects of the Chain persist in popular culture today: the lion is still considered king of all existing creatures, the T. rex king of the extinct dinosaurs.


This explains a memorable scene in the movie Jurassic World: Fallen Kingdom where a lion faces off against a T. rex. This famous moment is symbolically saying that the T. rex is taking its place as the true king, roaring at the lion in a declaration of dominance. Within the movie, thanks to the science of genetics, the Great Chain of Being has been rewritten.


Limits in Space and Time


Historically, the Great Chain was, in part, a theory of biology, a theory of the generation of “sentient and vegetative creatures.” As such, it was a hugely influential idea, until it was eclipsed by the theory of evolution many centuries later. But medieval notions of history left little room for the concept of evolution. The Christian sweep of time was a mere bite-size history, one that began in Genesis and ended in Revelation.


Nonetheless, Church scholars wanted to get a temporal grip on their history. How long ago had God created all this wonder? They began to add up the “begats,” the long procession of scriptural births and deaths found in the Christian Bible. The fashion for doing so started with Eusebius, Chairman of the Council of Nicaea in 325 AD. Eusebius claimed that 3,184 years had elapsed between Adam and Abraham. Medieval German astronomer Johannes Kepler caught the dating bug and estimated the date of Creation at about 3993 BC. Even world-famous physicist Isaac Newton followed suit, putting the date at 3998 BC.


This rather dodgy method was raised to an “art form” by the seventeenth-century bishop of Armagh, James Ussher. He declared in 1658 that, “The beginning of time, according to our chronology . . . fell upon the entrance of night preceding the 23rd day of October, in the year of the Julian calendar, 710.” That’s 4004 BC to you and me. There is no doubt that some still believe such twaddle to be true. But the age-dating techniques of these Christian chronologists did have some lasting worth, it seems. They unconsciously paved the way for more scientific inquiries about the genuine extent of the past.


Learning to Read the Rocks


Science began to bury the Age of Faith. By the end of the 1700s, humans had made a start in securing their dominion over nature. Newton’s system of the world rang out in the clanging new workshops of the world. The steam engine drove locomotives along their metal tracks. The first steamships crossed the great Atlantic. Transport magnates built bridges and roads. Telegraphs ticked intel from station to station. Cotton works glowed by gas. And a clamorous arc of iron foundries and coal mines powered this Industrial Revolution.


Speculation about planet Earth and its fossils grew steadily in the eighteenth century, along with a fascination for the natural world. And the new disciplines of geology and biology began to locate humanity’s place in the depths of time, just as astronomy had charted our new position in cosmic space.


In developing industrial nations, such as Britain and Germany, engineers could open up the veins of the Earth deeper than ever before. Budding field geologists oversaw the excavation of strata, laid down over hundreds of millions of years of planetary history, as yet an untold story. The geologists soon learned how to read the rocks. As French naturalist George Louis Leclerc explained in 1778:


Just as in civil history we consult warrants, study medallions, and decipher ancient inscriptions, in order to determine the epochs of the human revolutions and fix the dates of moral events, so in natural history one must dig through the archives of the world, extract ancient relics from the bowels of the earth, [and] gather together their fragments . . . This is the only way of fixing certain points in the immensity of space, and of placing a number of milestones on the eternal path of time.


The Fossil Record


The geologists began to learn the language of the stones and started to decode nature’s cipher. And with this understanding they amassed evidence of the long history of planet Earth. Take the English geologist William Smith, for example. Smith was consulting engineer for the Somersetshire Coal Canal. In 1793 he noted that the same strata were usually found in the same order and contained the same fossils. And so it was that the geologists realized the world’s natural history could be gleaned from the fossil sequence hidden within the rocks.


But this soon spelled trouble for unsuspecting scientists. The fossil record started to churn out signatures of beasts no longer found on planet Earth. The evidence flew in the face of biblical accounts of natural history. What was worse, many of these beasts had no living counterparts. That was a problem for the faithful. They derived their Earth history from Genesis, along with the belief that all animate creation was born at the same time and that none such had become extinct.


Look Out for the Woolly Mammoth!


The Church fathers were far from convinced by the growing evidence in the fossil record. Give our lord God time, they suggested. Soon enough, His divine essence would ensure that living and breathing specimens of all assumed-dead species will materialize. Maybe in far-off lands to which the beasts had roamed in the years since the strata were formed. American President Thomas Jefferson was one such evangelist. Jefferson urged pioneers heading west to look out for the woolly mammoth. A pious but deluded naturalist even reported having heard one trumpeting through the dark forests of Virginia.


And yet the death roll of extinction grew. French zoologist George Cuvier helped found the science of paleontology. By 1801, Cuvier had identified twenty-three extinct species in the fossil record. The word “extinction” found a place in the lexicon of science, and also started to ring out in churches and chapels far and wide. Today we understand that 99 percent of all species that lived on planet Earth have since perished, including the dinosaurs. But that was a tale as yet uncovered.


The Terror of Time and Those Dreadful Hammers!


The new geology revolutionized the world. Its impact spread far beyond science itself, destroying established truths, and forcing everyone to confront the terrible extent of time. Famous philanthropist John Ruskin was moved to comment in 1851. “If only the geologists would let me alone, I could do very well, but those dreadful hammers! I hear the clink of them at the end of every cadence of the Bible verses.”


Biblical literalists sought refuge in the Great Chain of Being. But the Chain was no more robust than its weakest link. In fact, the very wholeness of the Chain was taken as proof of the glory of God. There could be no “missing link,” a term later appropriated by the evolutionists themselves. To understand just how fearful were the faithful of the idea of the “missing link,” consider the words of English philosopher John Locke. Locke wrote in 1689:


In all the visible corporeal world we see no chasms or gaps. All quite down from us the descent is by easy steps, and a continued series that in each remove differ very little one from the other. There are fishes that have wings and are not strangers to the airy region, and there are some birds that are inhabitants of the water, whose blood is as cold as fishes . . . When we consider the infinite power and wisdom of the Maker, we have reason to think that it is suitable to the magnificent harmony of the universe, and the great design and infinite goodness of the architect, that the species of creatures should also, by gentle degrees, ascend upward from us toward his infinite perfection, as we see they gradually descend from us downward.


The words of Locke clearly confirm the damage to be done by any idea of extinction in the minds of the pious. As Royal Society botanist Peter Collinson put it, “It is contrary to the common course of providence to suffer any of His creatures to be annihilated.” Similarly, the seventeenth-century English naturalist John Ray feared that evidence of “the destruction of any one species” would result in “a dismembering of the Universe . . . rendering it imperfect.”


The idea of extinction and “missing links” proved fatal to the Age of Faith. Dinosaur remains were monstrous deviations, fell portents of undesired change, and proof that something was very wrong in a system supposedly framed by the hand of God. To make matters worse, in December 1831, a young naturalist set sail on The Beagle. Charles Darwin would soon become a chance locus not only for the dissolution of the Chain, but also for a revolution in science which struck at the heart of humanity itself.


Voyage of Discovery: Uniformitarianism and Catastrophism


Darwin was about to embark on a personal voyage with universal themes. His journey would force the world to wake up to some very alarming facts about the Earth’s natural history. Now, a scientific theory needs a paradigm, a framework in which to develop hypotheses and test them. Darwin’s paradigm was an account of evolution developed directly from the new geology. The foundation stone was gradual change: that the Earth is ancient and continues to change today, just as it did in the past.


At first, Darwin had little doubt about Scripture. Like many natural philosophers of the early nineteenth century, he considered all species to have been simultaneously and individually created. In short, as Darwin put it, he did “not then in the least doubt the strict and literal truth of every word in the Bible.” But his observations on the voyage, and the lucid and vivid writings of the new geology, began to change his mind.


Like the geologists, Darwin believed that “The ruins of an older world are visible in the present structure of our planet.” This “uniformitarian” belief held that all change, in geology and biology, was down to slow but unstoppable processes running throughout Earth’s long history. In contrast, many Christian fundamentalists believed in “catastrophism.” The catastrophist response to the evidence of the fossil record was the opposite of the uniformitarian. Where the uniformitarians like Darwin saw slow change as the way to explain natural phenomena, catastrophists saw sudden, near-supernatural upheavals, leveling mountains in a minute, heaving up seabeds at a sweep, dooming entire species in a matter of seconds.


Nonetheless, the Christian account of Earth history faced many problems on the biological front. The fossil record overflowed with that cornucopia of cadaverous creatures. Fossilized flowers that no one had ever seen in bloom, woolly mammoths and rhinos, and a whole host of bizarre beasts that looked like they had just walked out of Bosch’s The Garden of Earthly Delights. And then there were the terrible lizards, of course.


The remains of many of these extinct animals were found in curious locations, places where they could not possibly have prospered: sea creatures on hilltops, polar bears on the equator, that kind of thing. The planet must have undergone massive upheavals, to say the least, for such profound changes to have happened in the short time imagined by the biblical literalists.


Journey’s End


Darwin’s Beagle became one of the most famous ships in history. And Darwin himself was confronted with a world rich in diversity. HMS Beagle sailed across the Atlantic, around the southern coasts of South America, returning via Tahiti and Australia, having circumnavigated the Earth. While the expedition was originally planned to last two years, it lasted almost five. The message Darwin brought back was clear. If the theories of geology and biology were right, then “the causes which produced the former revolutions of the globe” continued today. And that had profound consequences in time. The age of the Earth must be measured in millions, not thousands, of years.


The idea of deep time was born. Darwin delivered the true innovation of the age. He helped identify the evolutionary mechanism by which new species came to be. Darwin’s magnum opus, On the Origin of Species, meant that the theory of evolution became the lifeblood of science. “He who . . . does not admit how vast have been the past periods of time may at once close this volume,” Darwin wrote.


For species to have evolved on Earth, the genuine extent of history was deep time, and not the six thousand years or so that was suggested in Darwin’s day. Victorian biologists and geologists implied that the Earth was ancient. However, they did not prove it. That was done by physicists in the twentieth century. Their radiometric dating of the rocks—the technique for dating materials using naturally occurring radioactive isotopes—proved that planet Earth was billions of years old. Deep time was here to stay. Over to you, Mr. Spielberg.





WHY DIDN’T ALL DINOSAURS BECOME FOSSILS?


A crew huddles on the ground in the Montana Badlands, brushing and hand scraping at loose sand to slowly unveil a more than 70-million-year-old Velociraptor skeleton. Unfortunately for them, they don’t yet realize that velociraptors are only found in East Asia, and it’s their 110-million-year-old relatives, deinonychus, that are actually native to ancient Montana. Anyway, the skeleton is pretty much intact, with solid bones, a tail arched over its back, and its head bent backward with open jaw in a posture known as the “death pose.” This whole scene is obviously how dinosaurs are found and dug up, right? Well, not exactly.


This particular vision of a dinosaur excavation in the first Jurassic Park movie has its downfalls, but the general agenda holds (i.e., it’s possible to find the remains of dinosaurs by digging in the earth). However, considering dinosaurs existed all over the world’s landmass for around 180 million years during the Mesozoic Period (252 million to 66 million years ago), shouldn’t we literally be finding their fossilized remains everywhere?


Fantastic Fossils


The ancient remains of deceased life forms have long been found by people all across the planet. These remains included shells, plants, and animals, which were all mostly recognizable by their resemblance to living creatures, with the exception that they appeared to be made of stone. These petrified forms, extracted from the ground, were later given the name fossils, which comes from the Latin word for “something dug up.”


Some of the most remarkable fossils were the huge stone bones from animals that were not entirely recognized as being extant on Earth today. These types of discoveries tempted the human imagination for millennia, prompting stories of dragons and other mythical creatures. Now, of course, we have a much better understanding of what they were and how they relate to the rest of life on Earth.


Among those early finds were also spiral forms called ammonites, or serpent stones in Medieval England, due to their appearance. These were quite common and are still found by amateur fossil hunters the world over. Ammonites are of immense importance as they act as index fossils, meaning their presence in the ground allows scientists to define and identify how long ago that particular layer of ground was formed.


Since those early discoveries, the study of fossils has changed a great deal, with new technology allowing the study of ancient life to be done in ways never before imagined. Each new fossil discovery provides added insight into the complex history and development of life on Earth, allowing us to develop a physical record of ancient life through the identification and classification of fossils. This physical record is known as the fossil record, and it has allowed humans to document how life has changed over time, with older fossilized life forms being replaced by newer ones that look more like modern life than the older ones.


The fossil record provides added support for the theory of evolution, presented by Charles Darwin and Alfred Russel Wallace in 1859. However, Darwin did remark in On the Origin of Species that there are gaps in the record where fossils of intermediate varieties of life had not yet been found. “But just in proportion as this process of extermination has acted on an enormous scale, so must the number of intermediate varieties, which have formerly existed, be truly enormous. Why then is not every geological formation and every stratum full of such intermediate links?” Basically, if new life forms are replacing (or exterminating) older life forms on an enormous scale, why don’t we find a similarly enormous amount of fossilized remains littered everywhere throughout the ground? Well, a big part of it comes down to how fossils are formed.


The Fossil Factory


The study of how fossilization occurs is known as taphonomy. Fossilization can be achieved in a number of ways or preservation styles, depending on the environmental conditions in which the preservation occurred and on what the original specimen was made of. For instance, the majority of fossils tend to be comprised of harder remains like bones, teeth, and shells, as softer remains tend to decompose more readily.


Even though many fossilized dinosaur parts have been unearthed, 99 percent of fossil finds are actually from marine animals, where the remains can quickly become buried under layers of mud and silt that settle beneath the waters. Being buried has the advantage of stopping scavengers from devouring and scattering the organism’s remains, while also preventing erosion and slowing the rate of decomposition by microorganisms.


Decomposition affects all dead life forms and is the result of chemical and physical processes instigated by oxygen, water, or living organisms (e.g., fungi, maggots, and microbes). In general, reducing oxygen, water, or temperature decreases the rate of decomposition by slowing down the activity of the decomposing organisms and reactions. This is why things preserve so well when frozen, when dried (like in deserts) or when buried (in oxygen-poor environments).


Some remains have been found of dinosaurs that died in dry places such as deserts, where they may have been quickly buried by the collapse of a sand dune, for example. This is believed to be what happened to a velociraptor and protoceratops discovered in 1971, who were buried mid combat. Nonetheless, the majority of dinosaur fossils are from animals that frequented or lived near rivers or lakes.


After an animal dies, its remains can end up underwater, whether through flooding or just dying in a wet location. With time, layers of sediment gradually build up above the creature’s remains, squeezing them under the increasing weight. These layers of sediment get more compacted, driving out the water and eventually coalescing to become sedimentary rock, such as sandstone, limestone, coal, and shale. Throughout this millennia-long process, mineral-filled water seeps from the sediment and into porous gaps in the dinosaur remains. Depending on the type of sediment the remains become buried in, they will be saturated by different types of minerals. As the water exits the remains, it leaves behind these minerals, which accumulate and eventually solidify.


This process is called permineralization and it often involves the original bone material being left in place, with minerals filling in the porous gaps. There’s also another process called replacement in which the mineral-filled water doesn’t just fill in the gaps but also dissolves the solid material, such as bone, replacing it altogether and leaving a mineralized copy in its place. Permineralization and replacement are both types of petrification, which means “to turn into stone.”


So, dinosaur fossils aren’t actually bones but really distinctive formations of rock that took many thousands of years to materialize. They are most commonly found within sedimentary rock formations that were laid down while dinosaurs existed around 245 to 66 million years ago. Despite the many dinosaurs that lived in that time, the required circumstances for their fossilized preservation is very particular, which dramatically limits the chances of finding them. Nonetheless, according to paleontologist Steve Brusatte, we have found “Somewhere around 1,500 [species] so far. But probably there were millions that lived across the entire history of dinosaurs.”


Dinosaur fossils aren’t all composed of ancient bones, though.


Fossil Finds


There are different types of fossils accessible to investigators and they mainly fall into two categories: body fossils and trace fossils. Body fossils are the type that people usually envision when fossils are mentioned. They consist of actual plant or creature remains, such as the “Velociraptor” skeleton mentioned at the start of this chapter, or the famous mosquito found in amber. Fossils found in amber are limited to the very smallest organisms like insects, lizards, and scorpions so dinosaurs are generally an unlikely find. (Although, in 2016, a feathered tail of a small dinosaur was discovered in Myanmar, becoming the first dinosaur material to ever be found in amber.)


Dinosaurs leave behind more than just their bodies, though, and can also be recognized by the marks and trails they made while alive, such as where they crawled, walked, rested, fed, dwelled, or nested. These types of evidence are known as trace fossils, and the people who study these traces (whether recent or fossilized) are known as ichnologists. They even have a whole system of formally naming and classifying these trace fossils, called ichnotaxonomy.


The most publicly known trace fossils are probably footprints (called ichnites), whether alone or as a succession of footprints, called a trackway. These trace impressions are made on the surface of sediments but there’s also subsurface traces such as burrows. Generally, these traces survive as petrified impressions in the ground, but in other cases they act like molds, which can fill in with sediment to create natural casts of the feature, known as cast fossils. Other interesting trace fossils are remnants of what creatures have used or produced in life, such as gastroliths (stomach stones), eggs, and even excreta.


Dinosaur species are mostly identified by body fossil remains, while trace fossils provide surrounding information about them. As trace fossils don’t allow direct identification of a species, they can instead get classified as ichnogenera (trace fossil groups), based on features recognized from similar trace fossils. For example, a trace fossil may be associated with Hadrosaurs, but a more accurate identification might not be possible, so the Hadrosaur track gets categorized as an ichnogenus, such as Hadrosauropodus.


All of these discoveries contribute to the ever-growing fossil record, helping humans to develop our knowledge and understanding of ancient life on Earth.


Why Didn’t All Dinosaurs Become Fossils?


When a dinosaur dies, there are a lot of things that need to happen for its remains to survive and be found. The animal’s remains can become disarticulated and removed by scavengers, and water flow can also disarticulate rotting carcasses and transport the parts to different places, so creatures have to be buried relatively quickly after death to decrease the rate of damage and decay. This is more common in wet environments, so dinosaurs in those places are more likely to become fossils than desert dwelling creatures, except for on rare occasions.


In order for dinosaur remains to survive and be found, they also have to rest somewhere that can remain undisturbed over millions of years. Over time, land movements and erosion can expose parts of the fossils to the elements, leading to subsequent decay and damage from sunlight that can weaken and disintegrate bone. Forests don’t make good places for revealing fossils either, as the roots and microbes there can hasten the breakdown and decomposition of the fossils.


The majority of creature remains would not survive all of these unique factors, or be accessible to humans at some point in the future. Those future humans have to also be looking within the right type of rock, typically sedimentary rock, which has to be within the geological layers that correspond to the age of dinosaurs (i.e., the Mesozoic).


Most dinosaurs died in far from ideal circumstances for preservation, so didn’t become fossils, while the rest we just haven’t found yet. However, as Darwin noted, there’s an enormous number of creatures that have lived on Earth, so even an extremely low portion of that enormous number is still quite a few. Fortunately, the ability to interpret what little remains are left has become a science that has revolutionized our view of life on Earth and caused us to question the importance and fragility of our own existence on this planet.





HOW DOES AMBER HELP US PEER INTO THE PAST?


“Sometimes, after biting a dinosaur, the mosquito would land on the branch of a tree and get stuck in the sap. After a long time, the tree sap would get hard and become fossilized, just like a dinosaur bone, preserving the mosquito inside. This fossilized tree sap, which we call amber, waited for millions of years with the mosquito inside until Jurassic Park’s scientists came along. Using sophisticated techniques, they extract the preserved blood from the mosquito and bingo! Dino DNA!”


—Mr. DNA, Jurassic Park (1993)


In the aftermath of a park gatekeeper getting mauled by a velociraptor, we meet an attorney arriving at the busy Mano de Dios Amber Mine in the Dominican Republic. He’s speaking with the lead “digger,” who takes him into the mine where we first catch a glimpse of one of the most amazing fossilized finds that make Jurassic Park possible. It’s a one-hundred-million-year-old mosquito, entombed in a freshly mined chunk of orange-yellow amber.


There’s no doubt that Jurassic Park raised the status of amber. Who would have thought that this fossilized resin that humans traded since the Stone Age would turn out to be the very thing to give the long-extinct dinosaurs a chance to roam the Earth once more? Well, that and a huge injection of money, science, and technical wizardry, which in the 1990s seemed tantalizingly close to what might actually be achievable in the real world.


When Jurassic Park was released, the value of insects preserved in amber spiked. It wasn’t just people wanting peculiar jewelry and cane handles either. Paleontologists were also interested due to amber’s excellent ability at preserving ancient life forms, along with new techniques for analyzing them. So, what’s the big deal with fossilized amber?


Stuck in Amber


Despite being described as fossilized tree sap by Mr. DNA, amber actually starts out as a resin that oozed out of ancient trees. Sap can be clearer and waterier than resin and is produced by all trees as a part of transporting nutrients around the plant, whereas resin is thick and gloopy and mostly produced in conifer trees. This resin is produced in internal ducts or specialized surface glands in the plant and is thought to act as a defense mechanism against insects or fungi, particularly in response to damage.


When resin’s chemically stable enough not to quickly degrade and be broken down by the weather, it can slowly start to solidify as some of its oils evaporate away. Any ancient animals that happened to be caught within this sticky resin will then become entombed forever. These prisoners of the amber are called inclusions. The surrounding resin then becomes fossilized in much the same way as other types of fossils, in that the resin becomes buried under wet sediments that are devoid of oxygen, protecting it from further degradation. With time and high temperature and pressure the buried resin undergoes chemical changes (polymerization) that eventually turn it into the fossil we recognize as amber. And while we imagine amber as being, well, amber-colored, it can actually come in a variety of colors including red, blue, green, and clear.


During the long process of fossilization, resin acts to dehydrate any trapped organisms. For many animals, this is only after their still-active gut bacteria and enzymes have started to rot them from the inside, leaving behind only the hard and now empty outer shell. Resin also has antibiotic qualities, so after it has soaked into the creature’s tissues, it can provide a level of protection against fungus and rot, actively preserving the organism inside.


There are limits to what amber can preserve, though. For example, bigger, stronger animals (like the vast majority of dinosaurs) are much more able to free themselves from resin, which is why it’s generally the smaller animals that are found trapped in amber, such as arachnids (e.g., spiders and scorpions), myriapods (e.g., centipedes), crustaceans (e.g., shrimp), and insects. Although, the biggest chunk of amber ever found measured 21.5" × 19.5" × 16.5", which would potentially be big enough to house a small cat, but most amber comes in chunks much smaller. Even then, amber still managed to preserve the tail of a small dinosaur from 99 million years ago, preserving bones, soft tissue, and exquisitely detailed feathers.
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