
  Before You Head into the Field


  Setting the Scene


  Let’s take a pretend trip back about 65 million to 250 million years ago to the Mesozoic era, when trillions of dinosaurs roamed the expanse of what we now call North America. Not only trillions of dinosaurs, but trillions of each kind of dinosaur: meat-eating tyrannosaurs, feathered raptors, horned, frilled ceratopsians—you name it.


  To put the number into perspective: Only about one hundred billion human beings have ever been born, and that’s counting back to an arbitrary starting point of fifty thousand years ago. Raise that number by the vast expanse of deep geologic time and you’ll get a sense of how impressive the dinosaurs’ two-hundred-million-year dominance really was.


  Of course, peek in at any given time in North America’s past and you’ll see that not all dinosaurs were equally represented. Some were naturally more populous than others (during the late Jurassic period, for instance, plant-eating ornithopods like Camptosaurus vastly outnumbered meat-eating theropods like Allosaurus, for the same reason that there are a lot more wildebeests in Africa today than there are big cats—it takes a large population of herbivorous animals to support a smaller population of meat-eating ones).


  Take any slice through deep geologic time, in any region of North America, and you’ll find a unique ecosystem: sauropods and hadrosaurs munching on different types of vegetation; small, feathered “dino-birds” and weirdly clawed therizinosaurs joined in an intricate ecological competition for prey; dim-witted stegosaurs and ankylosaurs employing their sheer bulk (and their arsenal of spikes and clubs) to dissuade hungry tyrannosaurs like Albertosaurus.


  Let’s not forget the environmental conditions in which these dinosaurs lived, which may (over and above the possibility of being stepped on or eaten) pose the single biggest obstacle to your dinosaur-watching expedition. Average temperatures on earth millions of years ago were much, much higher than they are today. We’re talking a steady ninety-five or one hundred degrees Fahrenheit year-round, with humidity levels comparable to a Finnish sauna. Even Antarctica, during much of the Mesozoic era, was warm and wet, so you can imagine what life was like nearer to the equator. This hot, humid climate had two salutary effects: It promoted the growth of the trees, shrubs, and ferns at the base of the dinosaur food chain, and it allowed some of these ostensibly “cold-blooded” reptiles to lead a more active lifestyle.


  Not only was North America much more muggy during the Triassic, Jurassic, and Cretaceous periods, the continent itself, which then was what’s called a supercontinent, looked a lot different, so your AAA road maps won’t help you here. Until about two hundred million years ago, North America was part of the supercontinent Pangea, which included the future Eurasia to its northeast, and Africa, South America, Antarctica, and Australia to its south. By the start of the Jurassic period, North America and Eurasia (in the form of the supercontinent Laurasia) had started to separate from the bulk of Pangea (the bigger, southern portion henceforth being known as Gondwana). And by the start of the Cretaceous period, fifty million years later, North America itself had begun to drift westward from Eurasia, as the world’s spreading continents started to approximate their modern shapes and distributions.


  Given its extreme climate, and its tectonic shenanigans vis-à-vis Laurasia and Gondwana, North America itself was a very different place geologically during the Mesozoic era than it is today. For much of this time, a huge portion of the continent was covered by the Western Interior Sea, which accounts for the profusion of marine reptiles that have been discovered in Kansas. This shallow body of water separated the huge western island of Laramidia (the home of “classic” dinosaurs like Apatosaraus and Stegosaurus) from the eastern island of Appalachia, which had its own unique dinosaur ecosystem. It was only three million years ago that the Central American land bridge formed between North America and South America, which would have fateful consequences for the mammalian megafauna of the time, like the Saber-Tooth Tiger.


  But all you want is a selfie with an Ankylosaurus. So why should you care about the deep geologic history of North America? For one thing, this history helps explain why practically every dinosaur discovered in North America had a close cousin (or even a member of the same genus) that lived in Eurasia. That’s to be expected, given that these continents spent over one hundred million years in happy wedded Laurasian bliss. It also helps to contextualize the fact that the very first dinosaurs evolved in South America about 230 million years ago and gradually spread to the northern reaches of Pangea (which became Laurasia, which became North America and Eurasia) as well as east and south to Africa, South America, and Australia.
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  In other words, we can thank Pangea for the worldwide distribution of dinosaurs during the Mesozoic era, but we can thank the breakup of this enormous continent for the subsequent extremes of dinosaur diversity.


  Which brings us to another crucial bit of background for your dinosaur-watching expedition: dinosaur evolution. The first dinosaurs of southwestern Pangea (i.e., modern South America) evolved from a family of reptiles called archosaurs, which also went on to spawn, during the middle Triassic period, the first true pterosaurs (flying reptiles) and crocodiles. (Simultaneously, an unrelated branch of reptiles—the therapsids—were morphing into tiny, skittering mammals.) The first true dinosaurs weren’t much to look at by later standards, but these small, two-legged, insatiable reptiles quickly spread across the length and breadth of Pangea, competing all the while with crocodiles, early mammals, and even the archosaurs that had spawned them (not all archosaurs “turned into” dinosaurs, so significant populations persisted until the end of the Triassic period).


  As mass extinctions go, the one at the Triassic-Jurassic boundary was a wet firecracker—“only” about a third of marine species disappeared, and terrestrial animals emerged virtually unscathed, except for some large amphibians and, crucially for dinosaurs, the archosaurs. Now the way was cleared for dinosaurs to assert their dominance. Already by the end of the Triassic period, the first dinosaurs had split off into two key families: ornithischians (“bird-hips”) and saurischians (“lizard-hips”).


  Over the course of the Jurassic and Cretaceous periods, ornithischians evolved into plant-eating duckbills, ceratopsians, and sauropods, while saurischians spawned meat-eating tyrannosaurs, raptors, and small, feathered “dino-birds.” (Ironically, birds evolved from “lizard-hipped” saurischians and not “bird-hipped” ornithischians!)


  These are the dinosaurs you’ll meet in this book, along with a smattering of pterosaurs and marine reptiles.


  Those are the broad strokes of the story whose details have been the fossilized bread and butter for generations of ambitious paleontologists. When did the first “thyreophorans” (armored, spiked dinosaurs like Ankylosaurus and Stegosaurus) evolve? How did the late Cretaceous apex predator T. Rex and other tyrannosaurs “improve” upon the late Jurassic Allosaurus? Did birds evolve multiple times during the Mesozoic era or only once, and when, exactly, did they accomplish this feat? How in the world is a person supposed to tell the difference between ceratopsians like Triceratops and Styracosaurus on the one hand, and Agujaceratops and Coahuilaceratops on the other? (There are about a dozen horned, frilled dinosaurs in this book, and if you learn anything after reading it, it’ll be that these elephant-like plant-eaters came in all shapes and sizes.)


  Another of the things you’ll learn in this book is that not everything we know about dinosaurs is written in stone. New dinosaurs are constantly being discovered, existing species and genera are constantly being reassessed, and occasionally it turns out that what we thought were two separate dinosaurs were actually one and the same animal (the classic example is the ornately horned and frilled Torosaurus, which is now considered to have been an unusually old Triceratops). Depending on your age, some of the names in this book may cause you to do a double-take: The ancestral horse once known as Eohippus is now referred to as Hyracotherium, for example. And the once-popular Syntarsus has now been renamed Megapnosaurus (Greek for “big dead lizard”). We won’t even get into the whole Brontosaurus/Apatosaurus brouhaha; suffice it to say that your kids are happy with Apatosaurus, while you probably still feel nostalgic for the “thunder lizard.”


  Evolutionarily speaking, dinosaurs were enormously successful, for an enormously long period of time, over enormous swaths of territory. What went wrong? Well, toward the end of the Cretaceous period, there’s some evidence that dinosaurs had hit an evolutionary dead end of sorts and were already declining in diversity. The odds are that they would have survived, though, if it weren’t for the meteor that hit the Yucatán Peninsula sixty-five million years ago. The resulting explosion, equivalent to millions of Hiroshima A-bombs, raised a cloud of dust that blotted out the sun everywhere around the world for decades.


  First the plants died, then the plant-eating dinosaurs died, and then the meat-eating dinosaurs that subsisted on the plant-eating dinosaurs died. When the dust had finally cleared, a new world beckoned the quivering, mouse-size mammals whose modest metabolic requirements had enabled them to survive this epic catastrophe—and whom you, the reader, can count among your distant ancestors.


  Preparing for Your Trip


  Observing dinosaurs in the wild isn’t like camping out in Yosemite or whitewater rafting down some backwoods river—there are real, life-and-death risks involved, to the extent that some elected officials are calling for an end to this practice altogether. (Dinosaur watching has yet to make it onto the libertarian agenda. You may want to consider writing a letter to your local elected official.) A successful expedition requires weeks, and often months, of physical and mental preparation, as well as an outlay of tens or even hundreds of thousands of dollars. Here’s what you’ll need to do in advance of your trip:


  Memorize Your Dinosaurs


  It won’t do to head out to the Idaho badlands with a vision of Jurassic Park’s Dilophosaurus in your head—all fluttery neck-frill and puppy-dog curiosity—especially since the real Dilophosaurus (page 99) weighs half a ton and doesn’t deign to signal when it’s about to bite you in half. The same principle applies to Tyrannosaurus Rex (page 205), the arms of which aren’t limp, vestigial, and useless but capable of crushing you to this predator’s chest with a force of four hundred pounds per square inch. And the same goes for the supposedly “gentle” disposition of five-ton plant-eaters like Triceratops (page 199), which could actually be quite irritable and dangerous when in the proximity of predators and sightseers.


  Choose Your Equipment Carefully


  Remember that extended sequence in Peter Jackson’s King Kong remake in which the crew of the Venture haplessly stumbles from an Apatosaurus stampede to a T. Rex attack to a bottom-of-the-trench encounter with giant, icky, people-eating bugs? Those are exactly the kinds of scenarios you’re likely to encounter on your Mesozoic field trip, and you won’t have Jack Black around for comic relief. Make sure each piece of your equipment (binoculars, camcorders, hand-operated reel-to-reel 1930s Hollywood cameras) is as durable and water-resistant as money can buy, and bear in mind that conditions in the wild will be unbearably hot and humid, which may violate the terms of your warranty.


  Keep Detailed Records


  Remember, you’re not only dinosaur watching, you’re trying to answer important questions that have eluded generations of paleontologists. Did sauropods like Brachiosaurus (page 72) hold their necks at full height or level with the ground? Did the giant pterosaur Quetzalcoatlus (page 179) actually fly or did it stalk its Cretaceous prey like a two-legged theropod? Did Pachycephalosaurus (page 154) males actually butt one another with their heads for the right to mate with females, or is this a fantasy perpetrated by sexually frustrated evolutionary biologists? If you capture the right bit of video footage, at the right time, you’ll be an instant pop-media superstar: Imagine the hundreds of millions of views waiting for you on YouTube!


  Pack Extra Food


  You never know when you’re going to get badly lost; you never know when your SUV is going to pop an axle; you never know when a Category 5 hurricane is going to sneak over the Western Interior Sea and plunge the local ecosystem under fifteen feet of water. More to the point, you never know whether that pack of Deinonychus (page 97) is feeling mellow and sated from a recent kill or is preparing to draw the Cretaceous equivalent of straws to decide which one will allow itself to be cannibalized in order to ensure the survival of the pack. A trunkful of Costco steaks can go a long way toward ensuring your party’s safety. The good news is that you won’t have to keep them on ice. The bad news is that you’ll have to endure the stench during the last leg of your trip, and you may attract an unwanted parade of hungry Troodons (page 202).


  Keep Distractions to a Minimum


  Beginning dinosaur-watchers, especially, dread the lonely prospect of spending two or three weeks away from civilization and may surreptitiously pack their smartphones and tablets in with more necessary items like anti-giant-mosquito spray and electrified fences. Here are a couple of important points to keep in mind: First, it’s virtually impossible to recharge a Samsung touch screen in the middle of late Jurassic Montana, and second, the unearthly, moonlike glow of handheld electronic devices will attract all kinds of unwelcome wildlife to your campsite (and by “unwelcome wildlife,” I mean feathered theropods like Chirostenotes [page 90] that will pick your carcass clean before your Candy Crush screen has a chance to refresh).


  Drill, Drill, Drill


  Just as the military personnel on aircraft carriers spend half their waking hours preparing for events that rarely happen—galley fires, twenty-foot tsunamis, snapped arresting wires that send Shadow fighter jets and their pilots tumbling into the sea—so you and your family will benefit from rehearsing worst-possible-case scenarios well in advance of your trip. Classic drills that should figure on your training agenda include “Hungry Raptor Emerging from the Underbrush,” “Sauropod Whipping Its Pointy Tail,” “Breaching Plesiosaur,” and above all else, “Ceratopsian Stampede”: If you don’t know exactly what to do when that herd of Styracosaurus (page 196) gets spooked by a T. Rex, it’ll be up to some teenaged intern from the US Fish and Wildlife Service to wash your bloodstains from the desert sand.


  Leave the Kids and Pets at Home


  Yes, a trip to late Triassic New Mexico to see the Lost City of Coelophysis (page 95) is the kind of memory your three-year-old will treasure for an entire lifetime. The trouble is, that lifetime won’t extend much beyond her irresistible impulse not only to hug a newborn hatchling but to push it off a short ledge and see if it can fly (kids that age aren’t exactly well versed in the difference between dinosaurs and pterosaurs). As a general rule, any dogs, cats, or toddlers you take along on your dinosaur-watching trip should be exceptionally well trained, not easily flustered, and (most important) willing to pee and poop in the vicinity of your Humvee if an expedition farther afield is ill-advised.


  File Your Itinerary


  In most states this isn’t a hard-and-fast rule, but common sense should dictate what written regulations do not. Just as you wouldn’t go extreme caving without apprising a close family member (for all you know, your spouse might not ask too many hard questions about, or even notice, your extended absence), you shouldn’t head into the Jurassic swamplands without disclosing your travel plans and ultimate destination to the authorities. Do not, however, allow this essential bit of bookkeeping to lull you into a false sense of security: There’s no guarantee that park rangers will rescue you if you wind up surrounded by a Utahraptor (page 209) pack or retrieve your remains if they’re not conveniently piled up in one place. Whatever the outcome, though, at least your family will know you died doing what you love.


  Dinosaur Fight!


  At cocktail parties dinosaur enthusiasts like to strike a pose of selfless nonchalance: “Hey, I don’t care if anything dramatic happens out in the field. All I want is for one of those big guys to rub himself against a gingko tree, or raise his majestic neck into the desert sky at sunset, and I’ll be happy.” What they’re really thinking, though, is “Good god, I’d love to see an Albertosaurus opening a can of whoop-ass on a slow, lazy Triceratops. Do I have the right video equipment to capture that? How much would the Discovery Channel pay for that footage?”


  If you’re prosperous enough to fund a full-fledged dinosaur-watching expedition, your rapidly approaching-middle-age self has probably been warped not only by repeated viewings of Jurassic Park I, II, and III, but by all those TV nature documentaries you watched as a kid—you know, the ones where a pack of starved cheetahs disembowel a wildebeest as quickly as you can open a can of StarKist tuna. But while you may understand (hopefully) that the T. Rex wasn’t really fighting all those Velociraptors, you may not be aware of the extent to which those old TV “classic” nature shows you watched as a kid were faked, a full generation before the reality-TV era. Do you think the cameras just happened to be running when that eagle swooped down and carried away that lion cub? More likely the producers procured the cub from a bankrupt zoo, catapulted it onto a well-lit patch of Serengeti, and yelled “Action!”


  The point is, in the wild, actual, real-life dinosaur fights—or for that matter, any type of interactions between predators and prey—are phenomenally rare (and brief) outbursts of violence punctuating hours, days, or even weeks of tedium. Camp out as long as you want in the Utah flatlands, and while you’ll see Centrosaurus (page 84) aplenty (and become intimately familiar with the unique smell and texture of Centrosaurus poop), odds are you won’t even catch so much as a glimpse of a T. Rex. The reason is simple: Predators, as a rule, have much smaller populations than prey animals, and they prefer to lurk on the extreme fringes of herds—since being seen prematurely would constitute a decided evolutionary disadvantage.


  What’s worse than spending ten thousand dollars on an all-frills-included dinosaur expedition and not witnessing a single dinosaur fight? You’re right—actually getting to see that fight, which may well be the last thing you ever see. When an eight-ton T. Rex tussles with a five-ton Triceratops, it’s not like two cage fighters going at it in a UFC championship match, where the spectators are safely separated from the combatants by yards of wire mesh. It’s a stark battle for survival between two overmuscled and under-brained dinosaurs, either one of which could, at any moment, a) inadvertently step on you, b) inadvertently roll over on you, or c) advertently choose to bite you in half (the Triceratops because it’s feeling a bit stressed out and defensive, the T. Rex because it’s getting tired and needs the Cretaceous equivalent of an energy bar).
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  Even if you’re lucky enough to witness a dinosaur heavyweight fight, and live to tell the tale, you may be disappointed by the outcome. It’s only in movies and nature documentaries that predators invariably win out over prey, especially when the two combatants are fairly equally matched. Nine times out of ten, that Triceratops will feint convincingly with its frill and horns, or lash out forcefully with its not-inconsiderable tail, and the T. Rex will retreat to the adjoining mesa with its massive head tucked between its oversize legs. Occasionally, yes, the T. Rex will deliver a quick, surgical, killing bite to the Triceratops’s neck or belly, but your odds of seeing that in the wild are about the same as your surviving a one-on-one encounter with a Utahraptor.


  So what are dinosaur fights really like? Well, if we’re talking predators and prey, prepare yourself for even more disappointment. The fact is that even apex predators like Allosaurus and T. Rex aren’t so foolish as to take on a full-grown sauropod or ceratopsian; the cost in energy is too high, and the outcome, too, is uncertain. Rather, these meat-eaters are far more likely to target sick, elderly, or juvenile members of the herd, which may not sound especially fair to the average UFC fan, but is the way nature tends to operate (the operative phrase is “culling the herd”). In fact, from the perspective of the average Albertosaurus, the ideal situation would be to stumble upon a recently deceased Styracosaurus (killed by predators, felled by disease, it doesn’t really matter) and tuck right in for supper.


  If you’re really itching to see dinosaurs fight, forget about the food chain


  

  

  Dinosaur Sex
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  Dinosaur Eggs
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  Dinosaur Packs and Herds
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  Know Your Dinosaurs!
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  After (and Before and Beside) the Dinosaurs
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  About the Author


  Bob Strauss is the author of two best-selling question-and-answer books that range across the expanse of science, biology, history, and culture: The Big Book of What, How, and Why (2005) and Who Knew?: Hundreds & Hundreds of Questions & Answers for Curious Minds (2007). Over the past two decades, he has written and edited for various scientific, medical, and general-interest publications, including Entertainment Weekly, Family Circle, and ConsumerSearch. For the past ten years, he has been the dinosaur expert at About.com (dinosaurs.about.com).


  About the Illustrator


  Ukrainian illustrator Sergey Krasovskiy describes himself as a paleoartist. Since his childhood, he has had a love of pale-ontology and, especially, of dinosaurs. Growing up in Don-bass, a region of Ukraine famous for its coal mines—which produced huge amounts of slag and rock—Krasovskiy collected excavated fossils of ancient ferns. In other layers of rock there have been found shark teeth and the remains of mosasaurs, huge carnivorous aquatic lizards.


  Krasovskiy studied art at the Lugansk Art College and, thanks to the Internet, has acquired an international reputation as a freelance illustrator of Paleolithic creatures.


  He work will soon appear in two Russian publications: an encyclopedia called the Great Illustrated Atlas of the Dinosaurs by Ruslan Gabdullin, and in Pictures of the Past of the Earth by Maxim Archangel, which Krasovskiy describes as an art book. It contains his illustrations and the work of Russian-speaking paleoartists Andrey Atuchin, Roman Evseeva, and Nicholas Zverkova.


  Because of the civil war in Donbass, Krasovskiy and his family left their home in Lugansk and moved to Kharkov. He describes himself and his family as refugees.
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