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To Elaine Howard, who followed her passion for dinosaurs to the ends of the Earth. And to you, reader, for continuing to pursue your passion for the past.


Oh, and to my family, for trying to show me that there is more to life than playing with dinosaurs. There isn’t.
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Preface


Dinosaurs are the ultimate symbol of prehistoric life. These awesome ancient creatures supercharge our inquisitive minds and help us to appreciate and understand that the world is not everything we see around us today. The fossilised remains of dinosaurs and other long-lost creatures from the depths of time tell us that life on Earth is temporary. That we are all part of one gigantic story – the evolution of life.


We are truly mesmerised by dinosaurs, especially as children. There is nothing more captivating than seeing a long-necked giant the length of three school buses or an enormous predator with massive bone-crunching teeth unlike anything alive today. In many ways, dinosaurs seem so fantastically impossible that they can be characterised as having a superhero-like status. And yet, they are real. We learn about dinosaurs through books, toys, movies, TV and, above all, museums where we can actually see their skeletons and occasionally even touch their bones. For most people, dinosaurs are their first introduction to science, a unique gateway of discovery that allows young and curious minds to begin asking ‘why?’ ‘Why did the dinosaurs live so long ago? Why did they go extinct? Why were some of them so big?’ Although many of us grow out of the so-called ‘dinosaur phase’, we never stop appreciating these extraordinary animals, keeping our passion for the past very much in the present.


Nowadays it seems you cannot go anywhere without seeing a dinosaur. I’ll be walking down the frozen-food section in the supermarket and there it is, a friendly-faced dinosaur taunting me to buy that box of ice lollies. Looking at birthday cards and ten different dinosaur-themed versions are staring back at me, usually depicting some big toothy-grinned dinosaur or a joke about the short arms of Tyrannosaurus. Dinosaurs are as hip as they have ever been, featuring even as mascots for sports teams, in fashion jewellery, designer clothing, household ornaments, on TV adverts, and much more. Our fascination with everything dinosaur will never die.


Admittedly, I might be a little bit more conscious of all these dinosaur titbits because I am one of those people who was fascinated by dinosaurs as a child and never grew up. Today, I live out my childhood dream of being a palaeontologist, a scientist who studies dinosaurs, fossils and the evolution of life. Palaeontologists often get confused for archaeologists, people who study human history and prehistory, and occasionally get labelled as ‘Indiana Jones’. Well, either that or, ‘Oh, like Ross from Friends?’, or the inevitable Jurassic Park reference. It’s okay if you were thinking it, we’re all used to it by now.


For me, there is nothing quite like that mind-blowing feeling of being the first person ever to unearth a multimillion-year-old dinosaur skeleton from its rocky tomb or realising that you have found a new species that you get to name. For that brief moment in time, you are the only person in the entire world who knows this. The incredible experience of discovery is, of course, not just restricted to palaeontologists because anybody can discover a fossil – you just have to know where to look.


You can imagine each dinosaur discovery as being a very tiny piece of an enormously complex jigsaw puzzle with the cover image long gone. Palaeontologists have to work with all of these minute dinosaur pieces to help build up a bigger picture of the ancient dinosaur world; our understanding of which has changed dramatically over the past thirty years. With new discoveries come new knowledge, such is the wonderful ever-changing nature of science.


Combining the rich history of dinosaur discovery with the latest research, in this book I have carefully pieced together ten chapters which provide you with the basic essentials of everything you need to know about dinosaurs. By taking this grand tour many millions of years into the past, you will discover when and where dinosaurs lived, how they copulated and became populated, and when their epic reign at the top came crashing down from the heavens. This book will give you an exciting glimpse into the science of dinosaurs, bringing to life an ancient world that continues to evolve with new discoveries, forever expanding our knowledge of the most magnificent animals ever to have walked the Earth.
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Why Tyrannosaurus rex and Stegosaurus Never Met


Earth is estimated to be a staggering 4.54 billion years old – a rather unimaginable amount of time. For contrast, at the time of writing this book, 1 billion seconds ago was the late 1980s or 31.7 years ago; I guess that makes me almost 1 billion seconds old. To help place this grand scale of time into context, just for a moment imagine cramming all of geologic time into one calendar year, with 1 January marking the birth of the Earth. Dinosaurs would appear on 13 December and modern-day humans around ten minutes before midnight on New Year’s Eve.


In order to make sense of the vast age of the Earth, the geologic timescale is divided into many distinct chunks of time based on important changes in the geologic record, such as an extinction event or the appearance of new species. Time is split into eons, eras, periods, epochs and ages (or stages), along with numerous smaller subdivisions, whose boundaries are precisely defined in age through a technique called radiometric dating, which we’ll discuss a little further on. This is an ever-evolving system studied by geochronologists, scientists who specialise in dating geologic ages. As new information is obtained, the geologic timescale continues to be revised, updated and improved, which means the age of the boundaries sometimes changes.


There are four major chapters of time, known as eons, which comprise, from oldest to youngest, the Hadean, Archaean, Proterozoic and Phanerozoic. The first three are collectively referred to as the Precambrian and account for a staggering 88 per cent of geological time (the first 4 billion years), from the formation of the Earth up until the beginning of the Phanerozoic, 541 million years ago (or 18 November on the one-year calendar). We know that life originated during the Precambrian because the oldest fossil evidence of simple, single-celled microscopic organisms is recorded from rocks that are at least 3.5 billion years old. Fast-forward towards the end of the Precambrian, about 570 million years ago, and here is where the first evidence for complex multicellular life emerged of strange soft-bodied creatures that made their lives on the seabed. Even at this point in geologic time, the story of the dinosaurs remains more than 300 million years away.


The Phanerozoic is the eon that we are currently in, where life evolved and diversified on an enormous scale, and where fossils are abundant. Extending from 541 million years ago until the present day, the Phanerozoic Eon is divided into three eras, the Palaeozoic (meaning ‘ancient life’), Mesozoic (meaning ‘middle life’) and Cenozoic (meaning ‘new life’). During the Palaeozoic, life exploded onto the scene, animals with hard shells appeared, the first vertebrates evolved and eventually took their steps on land, and the era ended with the greatest mass extinction event ever known, wiping out as much as 90 per cent of all life. Rising up from the ashes of the extinction, the Mesozoic witnessed the evolution of the dinosaurs, the emergence of mammals, and the first flowering plants. Finally, in the Cenozoic, the very same era of geologic time that we are in today, mammals dominated the world and things appeared more similar to how they are today.


In the grand scale of Earth’s vast past, when plotting the dinosaurs onto a geologic timescale like this, it becomes incredibly apparent that they appeared only very recently. It is even more amazing to consider that there were already fossils under the feet of dinosaurs, of countless species that had come and gone, long, long before the dinosaurs had even evolved.


The Mesozoic Era is often labelled as ‘the age of dinosaurs’, when these ruling reptiles ran the world. For many, this dinosaur world is imagined as one where all the dinosaurs lived together at the same time. This vision comes from the influence of movies, TV shows and sometimes books, especially those that we watched or read as children and which became ingrained in our dino-crazed minds. Take, for example, the popular The Land Before Time franchise, which is a personal favourite of mine, where all types of different dinosaurs and other prehistoric animals are portrayed as living together at the same time. Yet, dinosaurs did not all live at one set time in the Mesozoic Era. In reality, this slice of dinosaur life is split into three periods – from the oldest to the youngest, the Triassic, Jurassic and Cretaceous – and extended a whopping 186 million years, from 252 to 66 million years ago.


Furthermore, although the Mesozoic might be considered ‘the age of dinosaurs’ on the whole, the dinosaurs did not live for the entire length of the Mesozoic and were not always the ‘rulers’ either. See, the very earliest known dinosaur fossils were found in the badlands of Ischigualasto (that’s fun to say!) in Argentina, South America. They show that dinosaurs appeared during the latter part of the Triassic Period, from a little over 230 million years ago. That means the Earth’s oldest known fossils (from 3.5 billion years ago) are fifteen times the age of the earliest dinosaurs. Many of these early dinosaurs were fairly modest in size and were overshadowed by their contemporaries, like the predatory crocodile-like animals called phytosaurs and car-sized carnivorous amphibians, which very likely dined on these early dinosaurs.


You might be wondering how we can possibly know when the oldest dinosaurs were alive, or how we can determine when any dinosaur lived for that matter, especially as no dinosaur was buried with its death certificate. To begin to understand this, we have to go back to the 1600s and to a Danish scientist called Nicholas Steno, who came up with a very simple way of interpreting the relative age of rocks (and the fossils therein).


In 1669, Steno proposed what became known as the ‘principle of superposition’, which is today one of the fundamental principles of geology. Simply put, in any undisturbed sequence of rocks deposited in layers (called strata), the oldest rocks are on the bottom and the youngest are on the top. An exceptional example can be observed in the breathtaking and richly diverse geology of the Grand Canyon, where the most ancient rocks are at the very bottom and each layer above gets progressively younger the closer you get to the top. You can think about it like the layers of a cake, the bottom layer being laid down first and the top layer laid down last. So, as a basic rule, in the most perfect undisturbed circumstances, this means that fossils from deeper layers are geologically older than fossils from those layers above.
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