
    

    

    

  Dinosaurs were ancient reptiles that lived on the Earth for a very long time, close to 245 million years, but almost all of them went extinct about 66 million years ago. We only know that they existed at all from their fossil remains found in rocks or from impressions of their feet that have turned to stone. The ancient Chinese would find fossilised bones that they thought were from dragons, and early Europeans thought giants had made dinosaur trackways. It was Professor Robert Plot of the University of Oxford who correctly identified a fossil as part of the upper leg bone of a large animal,

 


    

  but not of any known species. Many more fossils were found and examined, and eventually the British biologist Sir Richard Owen coined the term 'dinosaur', from the Greek words meaning 'terrible' and 'lizard'. In those early days, fossil hunting was mainly by academics (often vicars) and amateurs. The British clergyman and geologist William Buckland, always carried a blue bag in which to put his fossils. The famous amateur collector Mary Anning found fossils of marine creatures on the beaches of Dorset, in southern England. Fossil collecting, however, quickly became big business.

 


  


    

    

    

  These days universities and museums collect most dinosaur skeletons for study, and there have been some quite remarkable finds. In 1971, scientists on an expedition in the Gobi Desert unearthed a fossilised battle between a predatory Velociraptor and a plant-eating Protoceratops. It's thought a collapsing sand dune buried them in mid-fight. In 1990, US explorer Sue Hendrickson discovered the largest and most complete Tyrannosaurus rex in South Dakota. It was 12 metres (40.5 feet) long and stood 4 metres (13 feet) high at the hip. In 2011, Canadian miners stumbled upon an armoured nodosaur, about 5.5 metres

 

    

  (18 feet) long and the weight of a small car. What is remarkable about this find is that it's not just a skeleton. The remains of skin and bumpy armoured plates are preserved, as well as parts of the gut. It's the most well preserved dinosaur on Earth – a 'dinosaur mummy'. Surprisingly, all these fossil bones and other preserved body parts, such as feathers, whether they be from Velociraptor, T. rex, or any other fossil dinosaur, are revealing an enormous amount about the animals when they were alive. It's amazing what you can find out just from some fossil bones in the ground!

 

  


    

    

    

  A grown Tyrannosaurus rex had the strongest bite of any animal that ever walked the Earth. It could bring its jaws together with the same force as an elephant sitting on you. A toddler T. rex didn't have the same strong bite as its parents, so it probably fed on small lizard-like reptiles. When mature, it may have been ferocious, but it wasn't very clever. The parts of the brain that dealt with agility and sight were not well developed, but it must have had a good sense of smell. Scientists are not sure, however, if an adult T. rex was a terrifying predator,

 

    

  like a tiger, or a wily scavenger, like a hyena, or maybe a bit of both. Its legs were built for walking long distances, so it could travel in search of food. It didn't run very fast, so it was probably an ambush predator. Its long feet would have had a very soft footfall, so prey would not have heard it coming. T. rex might also have been a cannibal. After a fight with a rival, the winner ate the loser! T. rex lived, if it was lucky, in the late Cretaceous period, 68-66 million years ago.

 

  


    

    

    

  This little dinosaur – only .6-1 metre (2-3 feet) long – is one of the fastest. Researchers studied its bones and worked out how the muscles of its legs might have worked. They put the information into a super-computer at the University of Manchester. Despite the computing power, it took a week for the computer to learn how the muscles and legs of each animal worked, but it was worth the wait. Compsognathus had a top speed of almost 64 km/h (40 mph), about 8 km/h (5 mph) faster than an ostrich – now that is fast! Tyrannosaurus rex, was calculated to run at at 29 km/h (17.9 mph); not a bad speed, when you consider that human athletes run

 

    

  at 28.5 km/h (17.7 mph). T. rex might not have been able to keep up with the jeep in the movie Jurassic Park, but it certainly would have caught somebody on foot. Oh, and Velociraptor reached a top speed of 39 km/h (24.2 mph), putting it in second place in Manchester's 'dinosaur derby'. Compsognathus lived during the late Jurassic period, about 150 million years ago.

 

  


    

    

    

  The 'ostrich dinosaurs' in the family Ornithomimidae, meaning 'bird mimics', were not included in the study, but they were also very fast runners. They resembled ostriches in shape, with long, powerful legs and would have reached about 60 km/h (37 mph) or more – which puts them up with the race leaders. They would have used their speed to escape from predators, just like ostriches do today.

 


  


    

    

    

  Argentina is the place to go to see real giants. The fossil remains of the largest land animals that ever lived on Earth are to be found there. They are called titanosaurs. They can be recognised by their small heads on a long, muscular neck, a gigantic body on elephant-like legs, with a very long tail. They make elephants, though, look very small by comparison.

 

    

  The biggest recognised so far is Patagotitan. It is thought to have been up to 37 metres (121 feet) long and weigh 79 tonnes (76 US tons), which made it longer than the blue whale, the largest animal ever to have existed. Titanosaurs like Patagotitan were plant eaters, with a varied diet of cycads, conifers, palms and grasses. Their skin was armoured with small bead-like scales, and they lived in herds, which gave some protection against carnivorous dinosaurs. Patagotitan might not be the world's largest land animal for long, though. The remains of what promises to be an even larger species was announced in Argentina in January 2021. Patagotitan lived in the early Cretaceous period, about 101 million years ago.

 

  


    

    

    

  The duck-billed dinosaurs or hadrosaurs were large plant-eaters, which often walked upright on their back legs. Their common name comes from the bones in the snout resembling a duck's beak. It was probably used to pluck leaves from bushes and to graze on grasses. Standing on four legs they could reach up to 2 metres (6.6 feet). Standing on their hind legs, they could reach up to 5 metres (16 feet), and graze on the lower branches of trees. Some also ate rotting wood, probably for the fungus growing on it, the grubs hidden in it, and even land crabs hiding underneath it. All have been found in hadrosaur fossil dung, known

 

    

  as 'coprolites'. Another feature has had scientists scratching their heads: some species of duck-billed dinosaurs had large and bizarre crests on the top of their head. Parasaurolophus was one of these. It had a pair of hollow tubes curving back from the head. What could they be for? One suggestion is that it had something to do with keeping the brain cool. Another is that they were chambers that helped sounds to be louder. If that's the case, then these dinosaurs could have 'talked' to each other. Parasaurolophus lived until the late Cretaceous period: 76-73 million years ago.

 

  


    

    

    

  Many dinosaurs laid eggs. A recent find in the Gobi Desert indicates that some dinosaurs nested in colonies, like seabirds. In all, there are 15 nests at the excavation site, which is about 80 million years old. There are more than 50 undisturbed

 

    

  clutches of eggs, with each containing between three and 30 eggs. They were partly buried, like the eggs of crocodiles, which are incubated under decaying vegetation. Each egg is spherical, like a crocodile's egg, but much bigger, about 13 centimetres (5 inches) across. Some looked as if they had already cracked and hatched successfully, so scientists think they must have been protected. Like crocodiles, the parents may have guarded the nests. Dinosaurs are often depicted as loners, but this discovery reveals that some liked to get together at breeding time, probably to guard their offspring. The dinosaurs that laid the eggs are a cousin of Velociraptor, known as therizinosaurs. They were large, feathered theropods, which grew to 10 metres (33 feet) long. Most theropods are carnivores, but these had become vegetarian. They had huge claws on their arms that were probably used to pull down branches, so they could eat the leaves. The discovery means that nesting in colonies first evolved with the dinosaurs, long before modern birds. Therizinosaurs lived in the late Cretaceous period about 70 million years ago.

 


  


    

    

    

  The dinosaur that's probably most easy to recognise is Stegosaurus, with plates on its back: but what were they for? It's a question that's puzzled scientists for a long time. Some say they were part of the animal's defence, along with its spiky tail. The plates are not joined to the skeleton, but to the skin, so they would have broken off easily in an attack. However, they were covered in horn, so would have been an incredibly sharp defence against predators. A second explanation is that the plates might have functioned like radiators. In the morning, they absorbed heat from the sun, to help the dinosaur

 

    

  warm up. If it became too hot, they would have helped it to cool down. A third suggestion is that the plates were a visual signal, used to attract mates, scare rivals, or recognise others. It could be that blood vessels in the plates caused them to 'blush' red for danger. Whatever the reason, one other thing is clear: Stegosaurus wasn't very clever. It was about 9 metres (30 feet) long, but had a brain the size of a plum. It was a plant-eater, browsing on low-growing bushes and shrubs. It walked on four legs, with its head down and tail up, and lived during the late Jurassic period, 155-144 million years ago.

 

  


    

    

    

  Spinosaurus rex was estimated to be up to 16 metres (52 feet) long and weigh 7.5 tonnes (8.3 US tons). It had a long, narrow skull and a row of tall spines on its back. They are extensions of the backbone, up to 1.65 metres (5.4 feet) long. It's thought that they were either joined by skin, to form a sail-like structure, or they supported a large and long, fat-filled hump. Nobody is sure which or what their function might have been. The spines on the tail, however, form a paddle, which suggests that Spinosaurus hunted in water. Its crocodile-like jaws had rows of teeth for grabbing slippery prey. Its strong front limbs, with claws on each finger, would have been good for grasping and subduing

 

    

  struggling animals. The shorter hind legs would have been ideal for walking on land and could have been webbed for swimming. Fish probably formed much of its diet, although it would have been able to take prey on land too. There is evidence that it ate pterosaurs. The pterosaurs might have flown down to the sea to catch fish and Spinosaurus would have exploded from the surface and grabbed them before they knew what had hit them. Given its size and its ability to spend its time partly in and partly out of water, it must have been a terrible predator. It lived in the Cretaceous period, 99-93 million years ago.

 

  


    

    

    

  Dinosaurs are often shown covered in drab grey scales, but there is fossil evidence to suggest that some had feathers and could have been very colourful. Velociraptor had feathers, but it didn't fly. Its arms were too short for flight. Feathers could have been used in displays between males and females or rival males, or to cover eggs when brooding. They might have served as stabilisers for making tight turns or held out to add a touch of speed and lift when running up steep slopes. Like many of the meat-eating theropod dinosaurs, it ran on its back legs, and it had an unusually large, sickle-shaped claw on each of its hind feet. One suggestion is that it used these to kill by cutting the prey's throat. Another is that it pinned down its prey, using the claws like the talons of modern eagles. It could have hunted in packs. A trackway with the fossilised footprints of six velociraptors walking together has been found in China. It probably also scavenged on the prey of larger theropods. Velociraptor wasn't a large predator, about the size of a turkey – much smaller than depicted in the movie Jurassic Park. Velociraptor lived in the late Cretaceous, 75-71 million years ago.

 

  


    

    

    

  Microraptor, as its name suggests, was a small dinosaur, about 77 centimetres (30 inches) long, making it one of the smallest known. Its claim to fame, is not its size, but its limbs. Both its arms and legs had flight feathers similar to those on modern birds, so it had two pairs of wings, like a biplane. Microraptor could not only glide, like a flying squirrel, but also fly like a bird. Its tail was long, and had a large fan of feathers at the tip, which probably helped to keep it stable in the air. Long feathers on the head must have looked like a shaggy crest. Scientists were able to look closely at fossilised cells on the feathers

 

    

  and determine that Microraptor had glossy, black feathers. We don't know if this little dinosaur lived in the trees or on the ground, although its skeleton suggests it was a ground-dweller. It probably didn't do much running, though, as its feathers would have got in the way. The fossilised remains of small mammals, lizards and fish have been found in Microraptor stomachs. It likely pounced on them from above. Its teeth were small, pointed and sharp, ideal for catching and holding on to small creatures. Microraptor lived in the early Cretaceous period about 120 million years ago.

 

  


    

    

    

  Triceratops, meaning 'three-horned face', was a large plant-eating dinosaur that must have had a similar way of life to a rhinoceros. One species – Triceratops horridus – was huge. The massive head alone was about 2 metres (6.6 feet) long, and the entire body about 9 metres (30 feet). It shared the Cretaceous landscape of North America with T. rex, and there is evidence, such as bite marks on their horns, that the two did meet. It's not known, though, who was aggressive to who; in fact, the function of the horns is not clear. The likely scenario is that they were not

 

    

  only used in defence, against attacks by predators, but also for sparring and against rivals, much like rhino behaviour. The frill is possibly a display to impress females or challenge rival males. The animal had a narrow beak for a mouth. It probably plucked rather than bit the leaves of low-growing plants. It had an enormous number of teeth to scrunch up food – as many as 800! They were replaced continuously. Triceratops could have survived on large quantities of quite tough and fibrous plant materials, such as palms and ferns. It lived about 68 million years ago.

 

  


    

    

    

  While dinosaurs and their reptile relatives in the air and in the sea dominated the Earth for 245 million years, the end of their reign was sudden. About 66 million years ago, many types of plants and animals, including the dinosaurs, had already been weakened by the effects of large scale volcanic eruptions in India. The area is known today as the Deccan Traps, but back then its volcanoes spewed out vast lakes of molten lava and fill the atmosphere with poisonous gases and dust; then, to make things worse, something terrible happened. A large asteroid smashed into the Earth, about where Mexico's Yucatan Peninsula is today, and the aftermath was devastating. About 78 per cent of all the species of plants and animals on Earth were wiped out, including most of the dinosaurs, but not all.

 

    

  One group survived – the birds. Scientists believe that birds are 'living dinosaurs'. Somehow, birds survived the climate changes and food shortages, along with the mammals and the other 22 per cent of plant and animal toughies. Millions of years later, like their dinosaur ancestors, some birds evolved into giants. There were 'terror birds', some 3 metres (10 feet) tall, that ate early horses, and a seabird, with wings as big as a small aeroplane. Pelagornis was its name, and its wings were 7.4 metres (24 feet) across. Like all giants these birds eventually died out, leaving us with the variety of bird species that we see on our planet today; but, who'd have thought that there were dinosaurs living in our gardens!
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    panel.style.setProperty('--pt-s', S + 'px');
    panel.classList.add('pt-dogear');
    fold.style.transformOrigin = (L + W / 2) + 'px ' + (Tp + H / 2) + 'px';
    for (j = 0; j < more.length; j++)
      more[j].style.transformOrigin = (lead.left - at[j].left + L + W / 2) + 'px ' + (lead.top - at[j].top + Tp + H / 2) + 'px';
    var folds = [fold].concat(more);
    function each(fn) { for (var q = 0; q < folds.length; q++) fn(folds[q]); }
    var flap = el('span', 'pt-flap');  // the folded-over corner: paper underside, a little darker
    flap.setAttribute('aria-hidden', 'true');
    flap.style.width = flap.style.height = S + 'px';
    flap.style.left = (L + W - S) + 'px';
    flap.style.top = (Tp + H - S) + 'px';
    flap.style.background = 'linear-gradient(to bottom right, rgba(255,255,255,.95) 0%, var(--pt-fill) 30%, ' +
      'color-mix(in srgb, var(--pt-fill) 82%, #6b5a45) 49.5%, transparent 50%)';
    panel.parentNode.insertBefore(flap, panel.nextSibling);
    var hit = control('pt-hit', 'Hide text');
    var tab = control('pt-tab', 'Show text');
    for (var k = 0; k < 3; k++) tab.appendChild(el('i'));
    hit.style.left = (L + W - S / 2 - HIT / 2) + 'px';
    hit.style.top = (Tp + H - S / 2 - HIT / 2) + 'px';
    tab.style.left = (L + W / 2 - TW / 2) + 'px';
    tab.style.top = (Tp + H / 2 - TH / 2) + 'px';
    box.appendChild(hit);
    box.appendChild(tab);
    var busy = false;
    function collapse() {
      if (busy || fold.classList.contains('pt-collapsed')) return;
      busy = true;
      hit.style.visibility = 'hidden';
      each(function (f) { f.classList.add('pt-closing'); });
      setTimeout(function () { tab.classList.add('pt-on'); }, T * 0.7);
      each(function (f) { after(f, 'pt-closing', function () { f.classList.add('pt-collapsed'); }); });
      setTimeout(function () { busy = false; }, T + 130);
    }
    function expand() {
      if (busy || !fold.classList.contains('pt-collapsed')) return;
      busy = true;
      tab.classList.remove('pt-on');
      tab.classList.add('pt-off');
      setTimeout(function () { tab.classList.remove('pt-off'); }, 160);
      each(function (f) { f.classList.remove('pt-collapsed'); f.classList.add('pt-opening'); after(f, 'pt-opening'); });
      setTimeout(function () { busy = false; hit.style.visibility = ''; }, T + 130);
    }
    hit.addEventListener('click', function (ev) { ev.preventDefault(); ev.stopPropagation(); collapse(); });
    tab.addEventListener('click', function (ev) { ev.preventDefault(); ev.stopPropagation(); expand(); });
    // read-aloud: a box collapsed before the reading reached it opens when its first word is read;
    // a box the reader closes while it is being read stays closed (they chose to look at the picture)
    var reading = false, keepClosed = false;
    hit.addEventListener('click', function () { if (reading) keepClosed = true; });
    tab.addEventListener('click', function () { keepClosed = false; });
    if (window.MutationObserver) {
      var mo = new MutationObserver(function () {
        var now = false;
        each(function (f) { if (f.getElementsByClassName(ACTIVE).length) now = true; });
        if (now && !reading && !keepClosed && fold.classList.contains('pt-collapsed')) expand();
        if (!now && reading) keepClosed = false;
        reading = now;
      });
      each(function (f) { mo.observe(f, { subtree: true, attributes: true, attributeFilter: ['class'] }); });
    }
  }
  function run() {
    var panels = document.querySelectorAll('.pt-panel:not(.pt-extra)');
    if (!panels.length || document.querySelector('.pt-hit')) return;
    css();
    for (var i = 0; i < panels.length; i++) setup(panels[i].parentNode, panels[i]);
  }
  if (document.readyState === 'loading') document.addEventListener('DOMContentLoaded', run); else run();
})();
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