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 What were the dinosaurs? LȰȯȨȢȨȰȴȵȳȢȯȨȦȣȦȢȴȵȴroamed the world.
 
 Opening in skull in front of eye reduced the weight of the skull
 
 Some grew as big as a barn, others were smaller than a hen. Some walked on four legs, others on two. Some were fierce hunters, others were peaceful plant-eaters. These backboned land animals are called dinosaurs. Dinosaur means “terrible lizard,” and like lizards, dinosaurs were reptiles. But instead of sprawling, they walked upright, and some dinosaurs had feathers rather than scaly skin. In chilly air, instead of dozing like a lizard, some dinosaurs could stay active by generating their own body heat. The dinosaurs ruled Earth for 160 million years—flourishing on land more successfully than any other group of backboned animals. Then 65 million years ago, they mysteriously died out, except for one group—the dinosaurs that we call birds.
 
 Neck with S-shaped curve
 
 Hole between bones of lower jaw helped to lighten the skull
 
 Lung
 
 Cervical air sac received used air from the lungs, ready to be exhaled Abdominal air sac received air inhaled through the nose and throat and supplied it to the lungs
 
 A BREATH OF FRESH AIR
 
 Unlike modern reptiles, some dinosaurs, including Majungatholus, had air sacs connected to their lungs, just as birds do. As in birds, the sacs acted like bellows, pushing a continuous flow of fresh air one way through the lungs. This breathing method is much more efficient than that of mammals. In mammals, some stale air gets mixed with fresh air in every breath. Head of femur (thigh bone) points inward to fit into socket between the hip bones, helping to keep the limb erect
 
 FOSSIL FEATHERS
 
 The fuzzy brown fringes around the skeleton of this fossil Microraptor are traces of feathers. Feathered dinosaurs had big advantages over those with scaly skin. Microraptor’s feathers helped to keep this small predatory dinosaur warm in cold weather. Long showy feathers probably helped the males to attract mates. And when Microraptor jumped off a tree with its feathered arms outstretched, its leap became a long glide. Homo sapiens, or fully modern humans, appeared only around 200,000 years ago
 
 WALKING TALL
 
 THE AGE OF DINOSAURS The limb bones of dinosaurs show that they walked as mammals do, with legs erect underneath the body, not stuck out 250 mya 200 mya 145 mya 65 mya today sideways as in lizards. The sprawling limbs of a lizard limit the expansion of the lungs Triassic Jurassic Cretaceous when running, so the lizard must make breathing stops. The upright dinosaur did MESOZOIC ERA CENOZOIC ERA not have to stop to breathe when on the A TIME BEFORE HUMANS move. Also, the limbs of many dinosaurs could support bodies as heavy as a truck. The Age of Dinosaurs lasted from about 230 million to 65 million Like those of most dinosaurs, the hind years ago (mya). It spans most of the geological era known as the limbs of Tyrannosaurus had high ankles Mesozoic, which is divided into the Triassic, Jurassic, and Cretaceous and narrow feet. Tyrannosaurus walked on periods. Other than birds, all dinosaurs died out long before the its toes, which helped it to move quickly. first humans appeared on Earth.
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 REPTILE RELATIONS
 
 Elasmosaurus was the longest-known plesiosaur, one of a group of marine reptiles from the Mesozoic Era. It grew to as long as 46 ft (14 m). Other groups of large marine reptiles from this time include mosasaurs and ichthyosaurs. None of these was a dinosaur. They were from a different part of the reptile family tree.
 
 Extremely long neck supported by 72 cervical vertebrae (neck bones) Flipper-shaped limb
 
 Upright hind limb
 
 Thumblike digit allowed the hand to grasp
 
 Green, scaly skin Sprawling leg Hand with three main digits
 
 Weight-bearing toe DINOSAUR FEATURES
 
 Paleontologists—scientists who study fossils—helped to create this restoration of the meat-eating dinosaur Monolophosaurus. Like all dinosaurs this fearsome predator stood upright thanks to the construction of its hip joints. It was bipedal, walking only on its hind limbs, its heavy tail balancing its upper body. Like many bipedal dinosaurs, Monolophosaurus’s third digits (fingers) could twist a little to face the other two digits, forming grasping hands.
 
 Hingelike ankle braced hind limb
 
 TERRIBLE LIZARDS?
 
 Dinosaurs were very unlike typical modern reptiles, such as this basilisk lizard. A basilisk is cold-blooded, meaning it relies on heat from the Sun for body warmth. But evidence of some dinosaurs’ birdlike lungs and feathers suggests they were warm-blooded, maintaining constant body temperatures with internal body heat. Unlike modern reptiles, they probably had a high-energy lifestyle like birds and mammals.
 
 Different designs PȢȭȦȰȯȵȰȭȰȨȪȴȵȴȥȪȷȪȥȦȥȪȯȰȴȢȶȳȴȪȯȵȰtwo groups,
 
 according to how their hip bones are arranged. Most saurischians had hip bones like a lizard’s and were two-legged, meat-eating theropods, or four-legged, plant-eating sauropods. The ornithischians had hip bones like a bird’s and were plant-eaters. They included two-legged ornithopods, as well as plated, armored, and horned dinosaurs, which were all four-legged. Bony plates or spikes ran along the backs of stegosaurs, or plated dinosaurs, and bony body armor protected the ankylosaurs, or armored dinosaurs. Ceratopsians, or horned dinosaurs, bore horns on their heads and bony frills over their necks. The family tree on pages 64–65 shows how all these dinosaurs were related.
 
 Hip bones face in different directions
 
 Hip bones lie next to each other
 
 Immense bony neck frill
 
 Gallimimus (a saurischian) Heterodontosaurus (an ornithischian)
 
 A HIP ISSUE
 
 In most saurischian dinosaurs, the lower hip bones called the pubis (colored blue) and ischium (colored red) pointed in different directions. In all the ornithischian dinosaurs, both types of bone sloped down and back, lying parallel to each other. Some other later saurischians developed a hip bone arrangement similar to the ornithischians; these dinosaurs were the forerunners of birds.
 
 Long, sharp horn on the snout
 
 Bony plate Styracosaurus
 
 CERATOPSIANS
 
 Stegosaurus STEGOSAURS
 
 Stegosaurs (“roof lizards”) got their name from the double row of bony plates or spikes that jutted from their backs. Like the armored ankylosaurs, these so-called plated dinosaurs belonged to a group of ornithischians called thyreophorans (“shield bearers”), which had body parts providing protection.
 
 Ceratopsians (“horned faces”) were ornithischian plant-eaters. Many ceratopsians had long horns and a heavy neck shield. Smaller ridges rimmed the skulls of their two-legged relatives, pachycephalosaurs and psittacosaurs. All three formed the marginocephalians (“margin-headed” dinosaurs). Most kinds of marginocephalians lived in the regions known today as North America and Asia.
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 Cutting beak
 
 SAUROPODS
 
 Sauropods were gigantic saurischians with long necks and tails. The largest were the most massive animals of any kind that ever walked on Earth. Along with their early and mostly smaller relatives, prosauropods, the sauropods formed a group of long-necked plant-eaters called sauropodomorphs. These spread to all parts of the world and lived as far south as present-day Antarctica.
 
 Bony spike jutting from neck frill
 
 Immensely long neck
 
 Whiplike tail ORNITHOPODS
 
 Ornithopods were plant-eaters that first appeared in the Jurassic Period. Early kinds were small and fast enough to outrun big meat-eaters. Later ones included bulky Muttaburrasaurus, Iguanodon, and the hadrosaurs (duck-billed dinosaurs). These animals hurried on their hind limbs, but often ambled on all fours. The largest lived in the northern continents.
 
 Bony bump on head Barosaurus
 
 Sharp and horny beak
 
 Pillarlike leg
 
 Heavy tail Forelimb used as a foot Muttaburrasaurus
 
 ANKYLOSAURS
 
 Armored bands Bony tail club
 
 Euoplocephalus
 
 Nose horn
 
 Bladelike teeth
 
 THEROPODS
 
 Theropods (“beast feet”) were carnivorous, or meat-eating, saurischians. Most had sharp teeth, and clawed toes on strong, birdlike feet. The theropods ranged from huge Tyrannosaurus to feathered animals no larger than a pigeon, some of which were ancestors of modern birds. Ceratosaurus
 
 Ankylosaurs were a group of armored ornithischians. Their four sturdy legs supported a barrel-shaped body. Some kinds, including Euoplocephalus, had a tail that ended in a bony club. Sharp shoulder spikes protected others.
 
 Triassic times Pangaea
 
 Tethys Sea
 
 THE TRIASSIC WORLD
 
 In this period, all landmasses formed one supercontinent that spanned the globe (from pole to pole). Scientists call this Pangaea (“all Earth”). Surrounding Pangaea was a single ocean, with a great inlet called the Tethys Sea. One landmass allowed the spread of dinosaurs across the globe. Tuft of grasslike leaves on a single, unbranched trunk
 
 TȩȦȵȳȪȢȴȴȪȤȱȦȳȪȰȥlasted from around 250 to 200 million years ago. It
 
 was the first part of the Mesozoic Era—often called the Age of Dinosaurs. At this time, a mighty ocean surrounded a single massive continent. Some parts of the land were hot, and others were warm. Deserts covered inland regions cut off from moist winds that blew in from the ocean. Flowering plants had yet to appear. Reptilelike ancestors of mammals and many kinds of prehistoric reptile thrived in these conditions. Among the reptiles were lizards, plant-eating rhynchosaurs, and the ancestors of crocodiles. The first dinosaurs appeared in the latter half of the Triassic—some fed on plants, while others ate reptiles and the mammals’ ancestors. Above them flew the skin-winged pterosaurs, and other reptiles swam in shallow offshore seas. ANCIENT PLANTS
 
 Where the ground was moist enough for vegetation, strange plants thrived alongside some that are familiar to us today. Bushy-topped Pleuromeia was an unbranched treelike plant no taller than a man. Early in the Triassic Period, it lined many coasts and riversides. Damp places were also home to ferns and horsetails. Drier regions suited other kinds of plants, such as ginkgoes, seed ferns, cycads, palmlike plants called cycadeoids, and tall conifers related to the monkey puzzle tree.
 
 Fern frond
 
 Pleuromeia plants Desertlike region
 
 Leaves of a ginkgo tree
 
 DAWN OF THE DINOSAURS
 
 The first dinosaurs were probably small meateaters that were bipedal (walking on two legs). Plant-eaters, both bipedal and quadrupedal (walking on all fours), appeared at the end of the Triassic. By then, there were already theropods, prosauropods, and sauropods—the main groups of saurischian dinosaurs. The only known ornithischian dinosaurs were small bipeds not belonging to any of the later groups.
 
 HERRERASAURUS (228 MYA)
 
 This bipedal hunter from Triassic Argentina is one of the earliest-known dinosaurs, perhaps predating the first theropods. It had a long tail that it used for balance while running.
 
 5(37,/(67$.()/,*+7
 
 Flexible neck
 
 A flying reptile about 28 in (70 cm) long, Eudimorphodon was one of the earliest-known pterosaurs, which were relatives of dinosaurs. It had skin wings, toothy jaws, and a long, bony tail. Eudimorphodon flew over what is now north Italy about 210 million years ago, perhaps seizing small fish with its sharp teeth.
 
 Elongated fourth finger supports the wing
 
 Clawed finger
 
 Armored back
 
 Front teeth project forward
 
 Wing made of skin Bony tail
 
 $5025('6($5(37,/(6
 
 Placodus (“flat tooth“) belonged to a group of reptiles called placodonts, one of several kinds of large reptiles living in Triassic seas. It was as long as a man. About 200 million years ago, this sprawling, short-necked creature plucked shellfish from rocks with its jutting front teeth, then crushed them using flat teeth in the roof of its mouth.
 
 Beak for cropping plants
 
 Fossil skull Fur probably covered body
 
 Sprawling limb
 
 7+((0(5*(1&(2)0$00$/6
 
 Mammals emerged in the Triassic Period, evolving from reptilelike ancestors. Small, shrewlike Megazostrodon lived in southern Africa as the Triassic Period was ending. This furry creature had almost all the features of a mammal. It would have snapped up insects and baby lizards but kept well clear of hungry dinosaurs. Megazostrodon probably spent the daytime hiding in a hole and only ventured out to hunt at night.
 
 3/$17ʜ($7,1*5(37,/(6
 
 Several groups of giant reptile dominated Triassic wildlife before dinosaurs gradually replaced them. This beaked skull comes from Hyperodapedon, a piglike reptile with a big head and a squat, barrel-shaped body. It was one of the rhynchosaurs, a group of plant-eating reptiles that chopped up seed ferns with their teeth. Hyperodapedon was widespread 220 million years ago.
 
 Mammal-like teeth of different shapes and sizes
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