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To Sandra, again
 And
 To the rest of us,
 In hope of long perspectives




‘Judging from the past, we may safely infer that no one living species will transmit its unaltered likeness to a distant futurity. And of the species now living very few will transmit progeny of any kind to a far distant futurity.’

- Charles Darwin, On the Origin of Species
 By Means of Natural Selection, or The Preservation Of
 Favoured Race In The Struggle For Life (1859)




 Prologue

As the plane descended towards Darwin it ran into a cloud of billowing black smoke. The windows suddenly darkened, blocking out the Australasian summer light, and the engines whined.

Joan had been talking quietly to Alyce Sigurdardottir. But now she shifted in her seat, the belt uncomfortably tight across her bulge. This was a roomy, civilised airplane, with even the economy seats set in blocks of four or six around little tables, quite unlike the cattle-truck conditions Joan remembered from a childhood spent travelling around the world with her palaeontologist mother. In the year 2031, a time of troubles, not so many people travelled, and those who did were granted a little more comfort.

Suddenly, as danger brushed by, she was aware of where she was, the people around her.

Joan watched the girl sitting opposite Alyce and herself. The girl, aged around fourteen at a guess, with a silvery gadget stuck in her ear, had been viewing tabletop images of the toiling Mars lander. Even here, ten thousand metres above the Timor Sea, she was connected to the electronic web that united half the planet’s population, immersed in noise and shining, dancing images. Her hair was pale blue - aquamarine, perhaps. And her eyes were bright orange-red, the colour of the Martian dust that filled up the smart tabletop. Doubtless she featured many other genetic ‘improvements’ less visible, Joan thought sourly. Cocooned in her own expanded consciousness the girl had not even registered the presence of the two middle-aged women sitting opposite her - nothing save for a slight widening of the eyes at Joan’s figure when she had sat down, a reaction which Joan could read like a book: Somebody so old got pregnant? Yuck . . .

But as the plane laboured through the cluttered sky, the girl had turned to gaze out of the obscured window, distracted from her high-technology bubble, and the flawless skin of her brow was slightly furrowed. The girl looked scared - as well she might, Joan thought; all her genriched perfection wouldn’t help her a jot if this plane fell out of the sky. Joan felt an odd touch of meanness, envy wholly inappropriate in a woman of thirty-four. Be an adult, Joan. Everybody needs human contact, genriched or not. Isn’t that the whole point of your conference, that human contact is going to save us all?

Joan leaned forward and reached out her hand. ‘Are you all right, dear?’

The girl flashed a smile, showing teeth so white they all but glowed. ‘I’m fine. It’s just, you know, the smoke.’ Her accent was nasal US West Coast.

‘Forest fires,’ Alyce Sigurdardottir said, her leathery face creased into a smile. The primatologist was a slender woman of about sixty, but she looked older than that, her face deeply lined. ‘That’s all it is. The seasonal fires in Indonesia, and the Australian east coast; they last for months now, every year.’

‘Oh,’ the girl said, not really reassured. ‘I thought it might be Rabaul.’

Joan said, ‘You know about that?’

‘Everybody knows about it,’ the girl said, a hint of dummy in her intonation. ‘It’s a huge volcanic caldera in Papua New Guinea. Just to the north of Australia, right? It’s suffered minor earthquakes and eruptions every two years or so for the past century. And in the last couple of weeks there have been Richter One earthquakes like every day.’

‘You’re well informed,’ Alyce said.

‘I like to know what I’m flying into.’

Joan nodded, suppressing a smile. ‘Very wise. But Rabaul hasn’t suffered a major eruption in over a thousand years. It would be a little unlucky if it were to come just when you happen to be within a few hundred kilometres, uh—’

‘I’m Bex. Bex Scott.’

Bex - for Rebecca? . . . Scott. Of course. Alison Scott was one of the conference’s more high-profile attendees, a very media-friendly  genetic programmer with a brace of beautifully engineered daughters. ‘Bex, the gunk outside the window really is from the forest fires. We aren’t in any danger.’

Bex nodded, but Joan could see that under her bluster she wasn’t reassured.

‘Well,’ Joan said brightly, ‘if we are all going to get crisped in a volcanic caldera we ought to get to know each other first. My name’s Joan Useb. I’m a palaeontologist.’

Bex said brightly, ‘A fossil hunter?’

‘Near enough. And this lady—’

‘My name’s Alyce Sigurdardottir.’ Alyce extended a slim hand. ‘I’m pleased to meet you, Bex.’

‘Sorry, but your names are kind of strange,’ Bex said, staring.

Joan shrugged. ‘Useb is a San name - or an anglicised version; the real thing is pretty much unpronounceable. My family has deep roots in Africa . . . very deep roots.’

‘And I,’ said Alyce, ‘had an American father and Icelandic mother. A military romance. Long story.’

Joan said, ‘We live in a mixed-up world. Humans have always been a wandering species. Names and genes scattered all over the place.’

Bex frowned at Alyce. ‘I know your name, I think. Chimpanzees?’

Alyce nodded. ‘I took over some of Jane Goodall’s work.’

Joan said, ‘Alyce is one of a long line of prominent female primatologists . . . I always wondered why women did so well in the field.’

Alyce smiled. ‘Isn’t that stereotyping, Joan? But - well, primate behavioural studies in the wild take - took - decades of observation, because that’s how long the animals themselves take to live out their lives. So you need patience, and an ability to observe without interfering. Maybe those are female traits. Or maybe it was just nice to get away from all the usual male hierarchies in academia. The forest is a lot more civilised.’

‘Still,’ Joan said, ‘it’s a powerful tradition. Goodall, Birute Galdikas, Dian Fossey—’

‘I’m the last of a dying breed.’

‘Like your chimps,’ said Bex, surprisingly brutally. She smiled at  their silence. ‘They’re all gone from the forests now, aren’t they? Wiped out by climate change.’

Alyce shook her head. ‘No, actually. It was the bushmeat trade.’ Briefly she told Bex how, towards the end, she had worked in Cameroon, as the loggers had worked their way out into the virgin rainforest, and the hunters had followed.

‘Wasn’t it illegal?’ Bex asked. ‘I thought all those old species were protected.’

‘Of course it was illegal. But bushmeat was money. Oh, the locals had always taken apes. A gorilla was prestige meat; if your father-in-law visited, you couldn’t give him chicken. But when the European loggers arrived it got much worse. Bushmeat actually became a faddish food.’

The black hole theory of extinction, Joan thought: all life, everything, ultimately disappears into the black holes in the centres of human faces. But what next? Will we keep on eating our way out through the great tree of life until there’s nothing left but us and the blue-green algae?

‘But,’ said Bex reasonably, ‘there are still chimps and gorillas in the zoos, right?’

‘Not all the species made it,’ Alyce said. ‘Even the populations we did save, like the common chimps, don’t breed well in captivity. Too smart for that. Look: the chimps are our closest surviving relatives. In the wild they lived in families. They used tools. They mounted wars. Kanzi, the chimp who learned a little sign language, was a bonobo chimp. Did you ever hear of her? . . . And now the bonobos are extinct. Extinct. That means gone for ever. How can we understand ourselves if we never understood them?’

Bex was listening politely, but she looked distant. She has grown up with such earnest lectures, Joan thought. It must all mean little or nothing to her, echoes of a world vanished before she was even born.

Alyce subsided, old frustration showing in her face. And meanwhile the plane continued to limp through the smoky sky.

To break the slight tension - she hadn’t meant to lecture this girl, only to distract her - Joan changed the subject. ‘Alyce studies creatures that are alive today. But I study creatures from the past . . .’

Bex seemed interested, and in response to her questions Joan told  her how she had followed the example of her own mother, and about her work, mostly out in the desert heartlands of Kenya. ‘People don’t leave many fossils, Bex. It took me years before I learned to pick them out, tiny specks against the soil. It’s a tough place to work, dry as a bone, a place where all the bushes have thorns on them to keep you from stealing their water . . . After that you return to the lab and spend the next few years analysing the fragments, trying to learn more of how this million-year-dead hom lived, how she died, who she was.’

‘Hom?’

‘Sorry. Hominid. Field-work slang. A hominid is any creature closer to Homo sap than the chimps - the pithecines, Homo erectus, the Neanderthals.’

‘All from bits of bone?’

‘All from the bone, yes. You know, even after a couple of centuries’ work we have dug up no more than two thousand individuals from our prehistory: two thousand people, that’s all, from all the billions who went before us into the dark. And from that handful of bones we have had to try to infer the whole tangled history of mankind and all the precursor species, all the way back to what happened to our line after the dinosaur-killer comet . . .’ And yet, she thought wistfully, lacking a time machine, the patient labour of archaeology was all there was, the only window into the past.

Bex was starting to look distant again.

Joan remembered a trip she had taken to Hell Creek, Montana, when she was about this girl’s age, thirteen or fourteen. Her mother had been working there because it was a famous dinosaur-extinction boundary site. You could see traces of the huge event that had ended the dinosaur era, there in the rocks, in a layer of grey clay no thicker than her hand; it was the Cretaceous-Tertiary boundary clay, laid down in the first years after the impact. It was full of ash, the fall-out of a huge disaster.

And underneath the clay, one day, her mother had found a tooth.

‘. . . Joan, this isn’t just a tooth. I think it’s a Purgatorius tooth.’

‘Say what?’

Her mother was big, bluff, her face coated with sweat and dust. ‘Purgatorius. A dinosaur-era mammal. Found it right under the boundary clay.’

‘You can tell all that from a tooth?’

‘Sure. I mean, look at this thing. It’s a precise piece of dental engineering, already the result of a hundred and fifty million years of evolution. It’s all connected, you see. If you’re a mammal you need specialised teeth so you can shear your food more rapidly, because you have to fuel a faster metabolism. But if your mother produces milk, you don’t need to be born with your final set of teeth; the specialist tools can grow in place later. Didn’t you ever wonder why you had milk teeth? . . . Joan, a lot of people are going to care a great deal about this. You know why? Because it’s a primate. This little scrap could be all that’s left of the most remote ancestor of you and me - and everybody alive - and the chimps and gorillas and lemurs and—’

And so on. The usual lecture, from the great Professor Useb. Joan, at age thirteen, had been a lot more interested in spectacular dinosaur skulls than ratty little teeth like this. But still, something about it had stuck in her mind. And, in the end, such moments had shaped her life.

‘. . . That’s the point of the conference, you see, Bex,’ Alyce was saying. ‘It’s a synthesis. We want to pull together the best understanding we have of how we got here, we humans. We want to tell the story of humankind. Because now we have to decide how we are going to deal with the future. Our theme is “The globalisation of empathy”. . .’

That was true. The real purpose of the conference, known only to Joan, Alyce and a few close colleagues, was to found a new movement, establish a new way of thinking. A new approach, that might actually stave off the human-induced extinction event.

Bex shrugged. ‘You think anybody’s going to listen to a bunch of scientists? No offence. But nobody has so far.’

Joan forced a smile. ‘No offence taken. We’re going to try anyway. Somebody has to.’

‘And there’s no point in all that stuff any more, is there? Your archaeology.’

Joan frowned. ‘What do you mean?’

Bex clapped her hands over her mouth. ‘I shouldn’t say anything. My mother will be furious.’ Her Martian eyes were bright.

Alyce had withdrawn into herself again; she gazed out of the  window at the billowing debris of forest fires a thousand kilometres away.

Suppose I threw you down the strata, back into time, Joan’s mother had said to her. After just a hundred thousand years you’d lose that nice high forehead of yours. Your upright-walker legs would be gone after three or four million years. You’d grow your tail back after twenty-five million years. After thirty-five million you’d lose the last of your ape features, like your teeth: after that you’d be a monkey, child. And then you’d keep on shrinking. Forty million years deep you’d look something like a lemur. And eventually—

Eventually, she would be a little ratty thing, hiding from dinosaurs.

Sometimes she had been allowed to sleep in the open, in the cool air of the badlands. The Montana sky was huge and crammed with stars. The Milky Way, a side-on view of a giant spiral galaxy, was a highway across the night. She would lie on her back, gazing up, imagining the rocky Earth had vanished, its cargo of fossils and all, and that she was adrift in space. She wondered if that little Purgatorius critter would have seen the same sky. Had the stars swum about the sky, across sixty-five million years? Did the Galaxy itself turn, like some huge pinwheel in the night . . . ?

But tonight, she thought, the smoke from the volcano would hide any stars.
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Dinosaur Dreams

Montana, North America,
 c. 65 million years before present.




 I 

At the edge of the clearing, Purga crept out of a dense patch of ferns. It was night, but there was plenty of light - not from the Moon, but from the comet whose spectacular tail spread across the cloudless sky, washing out all but the brightest stars.

This scrap of forest lay in a broad, shallow lowland, between new volcanic mountains to the west - the mountains that would become the Rockies - and the Appalachian plains to the east. Tonight the damp air was clear; but often mists and fogs blew in from the south, born over the great inland sea that still pushed deep into the heart of North America. The forest was dominated by plants that could extract moisture from the air: lichen coated the gnarled bark of the araucaria trees, and even the low magnolia shrubs dripped with moss. It was as if the forest had been coated with a layer of thick green paint.

But everywhere the leaves were soured, the moss and ground-cover ferns browned. The rains, poisoned by gases from the great volcanic convulsion to the west, had been hard on plants and animals alike. It wasn’t a healthy time.

Still, in the clearing, dinosaurs dreamed.

The thick night dew glistening from their yellow-black armour, ankylosaurs had gathered in a defensive circle, their young at the centre. In the gentle Cretaceous air, these cold-blooded giants stood like parked tanks.

In the milky light Purga’s large black eyes had fixed on a moth. The insect sat on a leaf, brown wings folded, fat and complacent. With an efficient lunge Purga caught her prey in her paws. She severed the wings with a couple of nips of her tiny incisors. Then, with a noise like a crunch of a tiny apple, she began to munch with relish at the moth’s abdomen. For this brief moment, with food in her mouth, Purga found a scrap of contentment in her crowded, difficult life.

The moth quickly died, its spark-like awareness incapable of recording much pain.

The moth consumed, Purga moved on. There was no grass cover here - the grasses had yet to dominate the land - but there was a green covering of low ferns, mosses, ground pine, horsetails and conifer seedlings, even a few gaudy purple flowers. Through this tangle, scuttling between scraps of cover, she was able to progress almost silently. In the dark, solitary foraging was the best strategy. Predators worked by ambush, exploiting the shadows of the night; no group could have been so invisible as a lone prowler. And so Purga worked alone.

To Purga the world was a plain picked out in black, white and blue, lit up by the uneasy light of the comet, which shone behind high scattered cloud. Her huge eyes were not as sensitive to colour as the best dinosaur designs - some raptors could make out colours beyond anything that would be visible to humans, sombre infrareds and sparkling ultraviolets - but Purga’s vision worked well in the low light of night. And besides she had her whiskers which fanned out before her, like a tactile radar sweep.

Purga looked more rodent-like than primate, with whiskers, a pointed snout, and small folded-back ears. She was about the size of a small bushbaby. On the ground she walked on all fours, and she carried her long bushy tail behind her, like a squirrel’s. To human eyes she would have seemed strange - almost reptilian in her stillness and watchfulness, perhaps incomplete.

But, as Joan Useb would one day learn, she was indeed a primate, a progenitor of that great class of animals. Through her brief life flowed a molecular river with its source in the deepest past, its destination the sea of the furthest future. And from that river of  genes, widening and modifying as thousands of millennia passed, would one day emerge all of humanity: every human ever born would be descended from the children of Purga.

She knew none of this. She didn’t give herself a name. She was not conscious like a human - or even like a chimp or monkey; her mind was more like a rat’s or a pigeon’s. Her behaviour was made up of fixed patterns, controlled by innate drives that constantly shifted in balance and priority, reaching a new sum each moment. She was like a tiny robot. She had no sense of self.

And yet she was aware. She knew pleasure - of a full belly, the safety of her burrow, the snouts of her pups as they nuzzled her belly for milk - and, in this dangerous world, she knew fear very well.

 



She crept among the feet of dreaming ankylosaurs. As she moved beneath the immense bellies Purga could hear the huge rumble of the dinosaurs’ endless digestion, and the air was thick with their noxious farts. With their crude teeth, all the work of processing and digesting their coarse food had to be done in the dinosaurs’ vast guts, which laboured even as the ankylosaurs slept.

The ankylosaurs were herbivorous dinosaurs. But this was a time of huge, ferocious predators. So these animals, larger than African elephants, were coated in armour, a fusion of bones, ribs and vertebrae. Great yellow-black spines were embedded in their backs. Their skulls were so heavily reinforced there was little room left for brain. Their tails ended in heavy clubs which could smash legs or skulls.

The dinosaurs were too huge for Purga to comprehend. Hers was a small world, where a fallen log or puddle was a major obstacle, where a scorpion could be a significant predator, where a fat millipede was a rare treat. To her the dozing ankylosaur herd was a forest of immense stumpy legs and drooping tails that had no connection with each other.

But for Purga there was a rich prize here: dinosaur dung, immense heaps of it scattered in the muddy, trampled ground. Here, in fibrous mountains of roughly digested vegetation, she might find insects - even dung beetles, labouring to destroy the tremendous turds. She burrowed into the steaming stuff eagerly.

Thus had been the role of the ancestors of humanity, all through the long dinosaur summer: relegated to the fringe of the reptiles’ great society, emerging from their burrows only at night, foraging for a living from dung, insects and the small pickings of the forest.

But tonight the rewards were meagre, the droppings watery and foul-smelling. The volcano-damaged vegetation had provided poor fodder for the ankylosaurs, and what came out the other end was of little value for Purga.

She moved across the clearing and into the forest. Here conifers towered grandly, rising to spreading mats of leaves far overhead. Among them were smaller trees a little like palms, and a few low bushes bearing pale yellow flowers.

Purga scrambled briskly into the angular branches of a ginkgo tree. As she climbed she used the scent glands in her crotch to mark the tree. In her world of night, scent and sound were more important than sight, and if others of her kind found this mark, any time within the next week, it would be a sign like a neon light telling them she had been here, even how long ago she had passed.

It was pleasing to climb: to feel her muscles work smoothly as they hauled her high above the dangerous ground, to use the delicate balance afforded by her long tail - and, most of all, to jump, to fly briefly from one branch to another, using all her body’s equipment, her balance, her agility, her grasping hands, her fine eyes. She was forced to shelter in burrows on the ground. But everything about her had been shaped by an existence in the complex three-dimensional environment of the trees, where almost all primate species, throughout the family’s long history, would find refuge.

But the acid rain of recent months had withered the trees and undergrowth; the bark was sour, and there were few insects to be found.

Purga was perpetually hungry. She needed to consume her body weight every day - it was the price of her warm blood, and the milk she must produce for her two pups, safe in their burrow deeper in the forest. She clambered reluctantly back down the trunk of the ginkgo. Fear and hunger warring in her mind she tried one or two more trees, but with no better luck.

But now she lifted her head, whiskers twitching, bright eyes wide, to peer into the green dark of the forest. She could smell meat: the  alluring stench of broken flesh. And she heard a forlorn, helpless piping, like baby birds.

She scuttled away, following the scent.

 



In a small clearing at the base of a huge, gnarly araucaria there was a heap of roughly piled moss. At its edge, a small patch of debris-littered silt began to move. Soon the patch rose like a lid, and a small, scrawny neck poked out of the ground and through the layer of mud and debris. A beak-like mouth opened wide.

Its little head quivering, tiny scales and feathers still moist with yolk, the infant dinosaur took its first breath. It looked like an oversized baby bird.

It was the moment the didelphodon had been waiting for. This mammal, the size of a domestic cat, was one of the largest of its day. It was low-slung, with a black and silver coat. Now it lunged forward and grabbed the chick by its thin neck, hauling it from its shell and flinging it into the air.

The chick’s life was a handful of brief, vivid impressions: the cold air beyond its cracked shell, the blurred glow of the comet, a sense of flying. But now a hot cavern opened beneath it. Its skin still smeared with yolk, the chick died instantly.

Meanwhile more chicks were pushing out of the ground, hatching all at the same time. It was as if the ground was suddenly swarming with baby dinosaurs. The didelphodon, and more predatory mammals, closed in to feed.

An ancient survival strategy had been operating. Dinosaurs were reptiles who laid their eggs on the ground. Though some parents stayed with their brood, there was no way all the vulnerable eggs and chicks could be protected. So dinosaurs laid many eggs, and their hatchings were synchronised. There should have been dozens of broods hatching right now, scattered through this area of forest: hundreds of chicks. The idea was that suddenly the forest floor would be overwhelmed with baby dinosaurs, far too many for even the hungriest of predators. Most of the chicks would die - but that didn’t matter. It was enough that some would survive.

But here, tonight, the strategy had gone wrong - horribly so for the dinosaur chicks. The mother of these chicks was a hunter isolated  from her pack. Confused, hungry, scared of predation herself, she had laid her eggs in the old, familiar place - this rookery was millennia old - and covered them with rotting vegetation for warmth. She had done just what she should have done - save that it was the wrong time, and the eggs had been forced to hatch without the cover of hundreds of others.

The air was filled with the stink of blood, the low growls of the predators, and the sad peeping of the doomed chicks. There were many species of mammals represented here at this grisly banquet. The largest was the big didelphodon. There was a pair of deltatheridiums, rat-like omnivores, neither marsupial nor placental, a unique line that would not outlive the dinosaurs. Many of the creatures here had potential far beyond their present standing; one unprepossessing little creature was an ancestor of the line that would lead to the elephants.

But for now, all that concerned them was their empty bellies. Dissatisfied with the slow emergence of the struggling hatchlings, the mammals had already started to dig into the loose silt, seeking unbroken eggs, scattering the cover of moss laid over the nest by the mother dinosaur.

By the time Purga arrived the rookery had become a killing pit, a squirming mass of feeding mammalian bodies. Purga, late to the fray, burrowed eagerly into the dirt. Soon tiny bones crunched in her mouth. And, so deeply did she immerse her head in search of the deep-buried goodies, she was the last to sense the return of the mother dinosaur.

She heard an angry bellow, felt the ground shudder.

Her snout sticky with yolk, Purga pulled her head out of the dirt. The other mammals were already vanishing into the forest’s welcoming green-black. For one instant Purga saw the whole creature, an unlikely feathered monster suspended in the air, limbs splayed, mouth gaping. Then a vast clawed hand flashed out of the sky.

Purga hissed and rolled. Too late she learned that this was the nest of a tro-odon: an agile, fast-moving killer - and a specialist hunter of mammals.

 



The tro-odon’s name meant ‘Wounding Tooth’.

Wounding Tooth, the size of a dog, was not the largest of  dinosaurs, but she was intelligent and agile. Her brain compared in size to that of the flightless birds of later eras she somewhat resembled. Her eyes were as large and as well night-adapted as Purga’s, and they could see forward, giving her binocular vision, the better to triangulate on her small, fast-moving targets. She had legs that enabled her to spring like a kangaroo, a long sickle-like claw on the second toe of each foot, and hands like spades evolved specifically to dig out and crush scuttling mammals.

She was coated in small sleek feathers, an elaborate development of scales. The feathers weren’t meant for flying, but for warmth during the night’s chill. In the equable climate that swathed the Earth in these times, you didn’t need a hot-blooded metabolic engine to keep warm: if you were big enough your cold-blooded body would retain its heat right through the night, even if you lived at Earth’s extremes, at the poles. But smaller dinosaurs, like the tro-odon, needed a little extra insulation.

Small or not, she had one of the largest brains of all dinosaurs. All in all, she was a well-equipped hunter. But Wounding Tooth had problems of her own.

She could not know it, but they had been caused by the widening of the Atlantic, the huge geological event which had dominated the whole of this Cretaceous period. As the Americas were pushed west, North America’s huge inland seaway had shallowed and drained, and close to the western coast - just a few hundred kilometres from the tro-odon’s hatching site - a line of new volcanoes had erupted like an angry wound. The volcanism had disturbed the complex web of life in many ways. The young volcanoes were almost continually active, belching out smoke and ash, laden with sulphur that, mixing with the rain, turned to acid. Many species of plants had vanished, and trees on the higher ground had been reduced to bare trunks. Elsewhere the destruction had been more direct, with vast fingers of cold lava reaching deep into the forest.

The tro-odon’s mammalian food, relatively close to the base of the food chain, had been less disturbed than most of the larger species of predatory dinosaurs. In fact, with their tiny bodies, deep burrows and fast reproductive rate, the mammals were better equipped to live through such times of stress than the land’s grander overlords.

But tro-odons were pack hunters. And this female had, some days ago, become isolated from her pack by a spectacular venting of hot steam from a fissure. Even though she was alone, Wounding Tooth was carrying eggs from her last fertilisation. So she had come to the herd’s ancient nesting site. A deep part of her had hoped to find others of her kind here. But there was no other here, only herself.

Wounding Tooth was growing older - at fifty, many of her much-stressed joints were racked by the pain of arthritis. And, because of her age and loss of strength and flexibility, she herself was under threat: this was, after all, a time of predators powerful enough to justify armour plating on creatures bigger than elephants. She had to reproduce; every instinct demanded it.

She had laid her eggs, as she had before. What else could she do?

The nest itself was a circular pit scraped out of the dirt, and she had arranged the eggs with an odd, almost surgical precision. She made sure the twenty eggs were not too close together, and that the top of each elongated egg pointed to the centre so the emerging chicks would have a good chance of digging their way out. Then she had covered over the eggs with dirt and moss. She had returned several times to the nest, probing with her claws to tap the shells. The eggs had developed well; she could see it. But now the eggs had hatched - her young had emerged - but nothing was left of them but scattered bits of red flesh and gnawed bone. And here, in the centre of the smashed nest, was a mammal, her face stained by blood and yolk and dirt.

Which was why Wounding Tooth leapt.

 



Purga helplessly squirted urine and musk, leaving a scent warning: Beware! Mammal-hunter about! Then she ran out of the forest, back to the clearing of the ankylosaurs.

But on the edge of the clearing Purga hesitated. She had a choice to make: a choice of dangers. She had to get away from the pursuing tro-odon. She was heading back towards her burrow, where her pups waited. But by crossing the clearing again she was leaving the safety of the trees. The unconscious calculus rapidly produced a result. She took the gamble; she raced across the clearing.

A sleepy infant giant raised one bony eyelid.

The light seemed brighter than ever now, exposing her clearly. But there was no dawn; it was only the comet, its nucleus huge, blurred and bright, the gas jets that erupted from it clearly visible, even through the haze of air. It was an eerie, extraordinary sight that sparked a dim curiosity in her agile mind, even as she ran.

A shadow fled at the corner of her vision.

Instinctively she darted sideways - just as a dinosaur hand slammed into the ground where she had stood. She ran back into the ankylosaur herd, darting this way and that, seeking cover in the shadow of the lethargic dinosaurs.

The tro-odon chased her around immense legs. But even the enraged mammal-hunter was reluctant to disturb these huge armoured beasts, whose clubbed tails could have crushed her in a second. Purga even slithered perilously under one ankylosaur’s huge raised foot, which hovered like a falling moon above her, while Wounding Tooth, frustrated, hissed and scraped at the ground.

At last Purga reached the far side of the clearing. Her scent and instinct guiding her unerringly, she raced into the undergrowth.

Her burrow was pitch dark, too dark even for her huge eyes to make out anything. It was like entering a mouth set in the warm earth. But the burrow was full of the consanguineous smell of her family, and she could hear the snuffle of her two young as they squirmed blindly out of the dark. Soon their warm, tiny mouths were nipping at her belly, seeking her nipples. Her mate was not here - he was out foraging himself, in this clear Cretaceous night.

But Wounding Tooth must be close; the scent of warm flesh, fur and milk that had helped bring Purga home would draw the hunter here too.

The imperatives in her head shifted again. She tucked her infants behind her and pushed her way to the back of the burrow, away from its entrance. Purga, unlike the tro-odon, was young - just a few months old, in fact - and this was her first brood. And unlike the prolific dinosaurs, Purga’s kind bore few young. She could not afford to lose her brood. And now she prepared to fight for them.

There was a crash behind her.

The roof of packed earth imploded, showering Purga and the pups with dirt. Comet light flooded in, startlingly bright after the few  seconds of darkness. It was as if a bomb had fallen. A huge grasping hand reached out of the sky into the burrow. The pups squirmed and squealed - but one of them was impaled on a bloody claw. In an instant its life was over. It was lifted up and out of the burrow, a naked, lifeless scrap, and out of Purga’s life.

Purga hissed her distress. She ran towards the burrow entrance, away from the claw. She could sense the remaining infant, naked and stumbling, hurrying after her. But the wily tro-odon had foreseen this. That claw now pushed into the entrance, breaking open its earthen walls. Reptile fingers closed, and the second pup’s life was squeezed out, its skull and tiny bones crushed, its organs pulped.

Purga, her world broken apart in a few heartbeats, scrabbled away from the debris of the entrance, away from the broken roof, back to the deepest recesses of the burrow. But again and again that machine-like clawed paw slammed through the roof, breaking it down and admitting more milky comet light.

Purga’s body urged her to flee, to find darkness, a new burrow, shelter - to be anywhere but here. She was even hungry; for such a fast-metabolising creature as Purga, it had been a long time since she had supped the yolk of Wounding Tooth’s eggs.

But suddenly the strength drained out of her.

She huddled at the rear of her ruined burrow, shivering, folding her paws over her face, as if to clean her fur of mites. From the moment of her birth into this world of huge teeth and claws that could flash from the sky without warning, she had struggled to survive by instinct and agility. But now her young were gone. The innate imperatives dissolved, and something like despair settled on her.

And while Purga trembled in the remains of her burrow, a world trembled with her.

If she submitted now, she would leave no living descendants: the molecular river of inheritance would be blocked, here, for ever. Others of her kind would breed, of course; other lines would go on into far distant futurity, to grow, to evolve - but not Purga’s line, not her genes.

And not Joan Useb.

Life always had been chancy.

The great clawed hand slammed down one more time, centimetres from Purga. And now Wounding Tooth, impatient, rammed her head into the burrow. Purga quailed before a wall of snapping teeth.

But as the dinosaur pressed closer, screeching, Purga smelled meat, and crushed bones, and a lingering sweetness of milk. The monster’s hot breath smelled of Purga’s babies.

With a spasm of rage Purga threw herself forward.

The teeth snapped, scything through the air around Purga like some vast piece of machinery. But Purga squirmed to avoid their flashing arcs, and sank her own teeth into the corner of the dinosaur’s lips. The scaly skin was tough, but she felt her lower incisors sink into the warm, softer flesh inside the creature’s mouth.

Wounding Tooth bellowed and pulled back. Purga, hooked by her own teeth, was dragged out of her burrow and hauled up into the air, up through many times her own body height, up past the scaly belly of Wounding Tooth and into the cold night.

Her mist of rage faded. She twisted her head, ripping away a scrap of dinosaur flesh, and she tumbled backwards through the misty air. Even as she fell a clawed hand swept sideways at her, seeking to grab her. But Purga was a creature of the trees, and she twisted as she fell. Again luck favoured her, though the grasping claw came close enough to make a breeze that ruffled the downy hairs of her belly.

She fell to a patch of trampled dirt. She was momentarily winded. But already teeth and claws were descending again, painted silver by the eerie comet light. With a lithe wriggle Purga rolled over, got her feet under her and ran into the roots of the nearest tree. Alone, eyes wide, mouth gaping, she huddled there, panting, twitching at every leaf that stirred.

There was a scrap of meat in Purga’s mouth. She had forgotten that it had come from the dinosaur. She chewed it quickly and swallowed, for a moment assuaging the hunger that clamoured at her even now. Then she peered around, seeking a safer refuge.

Wounding Tooth paced and bellowed out her frustration.

Purga had chosen life. But she had found an enemy.




 II 

The Devil’s Tail was as old as the sun.

The solar system had been born out of a rich, spinning cloud of rock and volatiles. Battered by a supernova shock, the cloud quickly coalesced into planetesimals: loosely aggregated lumps of rock and ice that swam chaotically through the dark, like blind fish.

The planetesimals collided. Often they were destroyed, their substance returning to the cloud. But some of them merged. Out of this clattering violence, the planets grew.

Close to the centre, the new planets were rocky balls like Earth, baked by the sun’s fire. Further out huge misty worlds were born, globes stuffed with gases - even the lightest gases of all, hydrogen and helium, gases manufactured in the first few moments of the universe itself.

And around these growing gas giants, the comets - the last of the icy planetesimals - swarmed like flies.

For the comets it was a dangerous time. Many of them were dragged into the gravity wells of Jupiter and the other giants, their mass feeding those growing monsters. Others were hurled inwards by the giants’ gravitational slingshots to the warm, crowded centre, there to batter the inner planets.

But a few lucky survivors were hurled the other way, away from the sun and into the huge, cold spaces of the outer dark. Soon a loose cloud of comets formed out here, all of them following vast, slow orbits that could reach halfway to the sun’s nearest stellar neighbour.

One such was the Devil’s Tail.

Out here the comet was safe. For most of its long lifetime its nearest neighbour was as remote as Jupiter was from Earth. And at the furthest point of its orbit, the Devil’s Tail sailed all of a third of the way to the nearest star, reaching at last a place where the sun itself was lost against the star fields, its huddled planets invisible. Away from the heat, the comet quickly cooled and froze hard. Its surface was made black by silicaceous dust, and an epochal frost carved exotic, fragile ice sculptures on its low-gravity surface, a meaningless wonderland that no eye would ever see.

Here the comet swam for four and a half billion years, while on Earth continents danced and species rose and fell.

But the sun’s gentle gravity tugged. Slowly, slower than the rise of empires, the comet had responded.

And it had begun to fall back towards the light.

 



Red dawn light seeped into the eastern sky. The clouds had a bubbly texture, and the sky was tinged a peculiar bruised-purple. In this remote time the very air was different - thick, moist, laden with oxygen - even the sky would have looked alien to human eyes.

Purga was still travelling, exhausted, already dazzled by the gathering light. She had wandered far from any forest. There were only scattered trees here, spaced out over a ground made green by a dense mat of low-lying ferns. The trees were cycads, tall trees with rough bark that resembled palms, squat cycadeoids looking oddly like giant pineapples, and ginkgoes with their oddly fan-shaped leaves, an already ancient lineage that would survive into the human era and beyond.

In the stillness of the pre-dawn, nothing moved. The dinosaur herds had yet to stir, and the hunters of the night had retired to their burrows and nests - all but Purga, who was stranded in the open, all her worn nerves sparking with an apprehension of danger.

Something moved across the sky. She flattened herself against the ground and peered up.

A winged form glided high over the roof of the sky, its profile picked out cleanly by the red-grey light of the dawn. It looked like a high-flying aircraft. It was not; it was alive.

Purga’s instinctive computation relegated the pterosaur to a matter of no concern. To her the most ferocious flying creature was of much less immediate peril than the predators who might lurk under these cycads, the scorpions and spiders and ever-ravenous carnivorous reptiles - including the many, many small and savage dinosaur species.

She stumbled on, towards the gathering dawn. Soon the greenery started to thin out, and she scrambled over hard-packed dunes of reddish sand. She topped a short rise, and found herself facing a body of water, which lapped languidly to the horizon. The air smelled strange: full of salt, and oddly electric.

She had come to the northern shore of the great slice of ocean that pushed into the heart of North America. She could see vast, languid forms break the water’s surface.

And to the south-east, where the dawn light was gathering, the comet was suspended in the sky. Its head was a milky mass from which immense fountains of pearl-white gas gushed, visibly evolving as she watched. Its twin tails, streaming away from the sun, flailed around the Earth, making a confusing, billowing mass. It was like looking down a shotgun blast. The whole immense, brilliant show was reflected in the shallow sea.

Listlessly she stumbled forward, descending to a shallow, sloping beach. The shore was littered with clam shells and half-dried seaweed. She prodded at this detritus, but the seaweed was stringy, salty stuff. And she could smell the salt in the water; there was nothing to drink here.

She was increasingly exposed, as if picked out by a spotlight.

She spotted a tree fern, no more than a metre tall. She stumbled to it and began to dig at its roots, hoping to make a rudimentary burrow. But the soft sand fell back into her trenches. At last, as the ruddy sun rose above the horizon, Purga managed to dig out a hole big enough to shelter her body. She tucked her tail in behind her, put her paws over her face, and closed her eyes.

The warmth and darkness of the burrow reminded her of the home she had lost. But the smell was wrong: nothing but salt and sand and ozone and decaying seaweed, the sharp stinks of this place where land met sea. Her home burrow had smelled of herself, of that other who was her mate, of the pups who had smelled like a mixture of herself and her mate - a wonderful melange of selves. All gone now, all lost. She felt a deep pang of regret, though her mind was not rich enough to understand why.

As she slept out the long day, her legs scraped and scratched at the gritty young sand.

 



Cretaceous Earth was a world of ocean, of shallow seas and shore.

A giant ocean called the Tethys - like an extension of the Mediterranean - cut off Asia from Africa. Europe was little more than a scattered collection of islands. In Africa, even the mid-Sahara  was an ocean floor. The world was warm, so warm there were no polar ice caps. And for eighty million years the sea levels had been rising. The post-Pangaea spreading of the continents, and the formation of huge reefs and shelves of chalk around their coasts, had pushed huge volumes of solid matter into the oceans: it had been like putting bricks into an already-full bucket of water, and the brimming oceans had flooded the continents. But the vast shallow oceans were almost tideless, and their waves were gentle.

Life in the sea was richer and more varied than at any other time in Earth’s long history. Tremendous blooms of plankton filled the waters, drinking the sunlight. The plankton were the base of the ocean’s vast pyramid of eaters. And in the plankton were microscopic algae called haptophytes. After a brief free-swimming phase the haptophytes constructed for themselves tiny, intricate suits of armour from calcium carbonate. As they died, billions of tiny corpses sank to the warm sea beds, where they settled and hardened into a complex white rock - chalk.

Eventually tremendous chalk beds, kilometres thick, would smother Kansas and the gulf coast of North America, and stretch along the southern half of England and into northern Germany and Denmark. Human scientists would call this era the Cretaceous - after creta, meaning ‘chalk’ - for its most enduring monuments, constructed by the toiling plankton.

 



When the light began to seep out of the sky, Purga emerged from her shelter.

She scampered with difficulty through dry sand that yielded with every step, sometimes billowing around her belly. She was rested. But she was hungry, and confused, and pulsed with loneliness.

She came to the top of the rise she had crossed yesterday. She found herself facing a broad, gently rolling plain extending to the rising smoke-wreathed mountains to the west. Once the vast American inland sea had flooded this place. But now the sea had receded, leaving a plain littered by broad, placid lakes and marshes. Everywhere there was life. Giant crocodiles cruised like gnarled submarines through the shallow waters, some of them with birds rising from their backs. There were flocks of birds, and bird-like, furry pterosaurs,  some of whom built huge rafts to support their nests at the centre of the lakes, far from the land-based predators.

And everywhere she looked there were dinosaurs.

Herds of duckbills, ankylosaurs, and a few gatherings of slow, clumsy triceratops clustered around the open water, jostling and fighting. Around their feet ran and hopped frogs and salamanders, lizards like iguanas and geckos, and many small, snapping dinosaurs. In the air pterosaurs and birds flapped and called. On the fringe of the forest, raptors could be seen stalking, evaluating the jostling herds.

The hadrosaurs, the duckbilled dinosaurs, were this era’s most common herbivores. Though they were larger than later mammalian equivalents like wildebeest or antelope, they walked on two legs like outsized ostriches, their strides long, their heads bobbing. Males led the way, elaborately ornamented by huge crests over their noses and foreheads. The crests acted as natural trumpets, capable of producing notes as low as a piano’s bottom register. Thus the voices of the duckbills hooted mournfully across the misty plain.

In the foreground a herd of anatotitans was crossing the flood plain. It was a convoy of flesh. These immense creatures looked oddly unbalanced, with powerful hind legs - each of them taller than an adult human - but comparatively spindly forelegs, and they trailed long, fat conical tails. The air was filled with their rumbles: the churning of the herbivores’ huge stomachs, and the deeper growl of their voices, reaching deep into the infrasonic, deeper than any human ear could have detected, as they called reassurance to each other.

The anatotitans converged on a grove of cycads. The cycads’ mature leaves were thick and spiny, but their fresh growth, protected by a crown of older leaves, was green and luscious. So the anatotitans rose up on their heavy hind legs and cropped the new growth. As their great feet fell back on the undergrowth of ferns, clouds of insects rose up. The phalanx of titans would leave the cycads smashed and broken. Though the anatotitans would scatter seeds for future growth far from here, the vegetation would take a long time to recover from the devastation they caused.

There was noise everywhere: the mighty foghorn honks of the duckbills, the bellows of the armoured dinosaurs, the screeching of  birds, the leathery flapping of the huge flocks of pterosaurs. And, under it all, there was the ugly, unstructured roar of a female tyrannosaur, the area’s top predator: all of these animals were within her domain, and she was letting them, and any competitor tyrannosaur, know about it.

The scene might have reminded a human of Africa. But though there were great herbivores to fill the roles of antelopes, elephants, hippos, wildebeests, and predators who hunted like lions, cheetahs and hyenas, these animals were more closely related to birds than to any mammal. They preened, displayed, fought, nested, with oddly rapid motions fuelled by the rich oxygen of the thick air. The smaller, more lithe dinosaurs that ran or stalked through the undergrowth would have seemed surreal: there was nothing like these bipedal runners in human times. And there was no sight in twenty-first-century Africa like the two ankylosaurs who now began to mate, backing their rear ends against each other with the most exquisite care.

It was a landscape of giants, in which Purga was a lost, helpless figure, utterly irrelevant. But to the west, Purga made out a storey of denser forest, layer on layer of it rising up towards the distant volcanoes.

Purga had run the wrong way, coming to this place of the sea. She was a creature of the forest and the dirt; that was where she must go. But to get there she had to cross the open plain - and evade all those mountainous feet. With trepidation she slid down the sand bank.

But now she glimpsed stealthy movement through low ferns. She hurried beneath an immature araucaria and flattened herself against the ground.

A raptor: standing as still as rock, studying the jostling anatotitans. It was a deinonychus, something like an featherless, flightless bird. But it was as still as a crocodile. The raptor had only a faint scent - its skin was not as glandular as mammals’ - but there was a dry pungency in the air, a spiciness that filled Purga with a sense of peril.

It was very close to Purga. If it caught Purga the raptor would, of course, kill her in a second.

A bird was climbing into the tree above her. Its feathers were bright blue and it had claws on its wing bones and teeth in its beak. This creature was a relic of ancient times, of archaic linkages between  birds, crocodiles, dinosaurs. The bird was climbing to feed its brood of fat, squawking chicks. Apparently it had not seen the raptor.

But for now, the raptor was stalking larger prey.

The raptor watched the anatotitan herd with blank hawk-like eyes, its only calculation which of the titanic herbivores might serve it as prey. If necessary, it would harass the herd, seeking to make one of them peel away, and thereby become vulnerable.

But that proved unnecessary.

One of the adult titans fell behind the rest. This female, walking tiredly, was more than seventy years old. Her growth had continued all her life, and now she was the largest in the herd - one of the largest of her kind anywhere, in fact. Now she dipped a heavy head into the scummy water of a shallow pond.

The raptor began to stalk steadily, silently, towards the old titan. Purga cowered in the shelter of her araucaria.

The raptor was three metres tall, compact, agile, with slim legs capable of high-speed running, and a long stiff tail for balance. It had a huge claw on each hind limb; while the raptor walked its toes lifted the claws up and clear of the ground.

The raptor wasn’t so smart. Its brain was small - no larger than a chicken’s, or a guinea fowl’s. And it was a solitary hunter; it wasn’t smart enough to hunt in a pack. But it didn’t need to be.

The anatotitan still had no idea of the danger it was in.

The raptor erupted from cover. It spun in the air, and its grime-crusted hind claws flashed cruelly. The strikes were made well.

Blood gushed. Bellowing, the anatotitan tried to back away from the water. But her black entrails slid out of immense, deep belly wounds, steaming. At last she caught her forefeet in the slippery mess. With a sound like thunder she slid forward on her chest. And then, with a spasm, the huge hind legs collapsed, rolling the great bulk of her body on to its side.

One of the other anatotitans looked back and lowed mournfully, a deep noise that made the ground under Purga tremble. But the herd was already moving on.

The raptor, panting rapidly, waited for the titan to weaken.

The dinosaurs had first emerged more than a hundred and fifty million years before, in a time of hot dry climates more welcoming to  reptiles than mammals. In those days the continents were fused into the single vast Pangaean landmass, and the dinosaurs had been able to spread across the planet. Since then continents had fissioned, danced and whirled, and bands of climate had shifted across the planet. And the dinosaurs evolved in response.

Dinosaurs were different.

They did not hunt like mammalian killers of later times. Their cold blood meant they were poor at sustaining speed for long distances; they could never be endurance hunters, running down their prey like wolves. But they had versatile high-pressure hearts. And the design of their bodies had much in common with birds’: this raptor’s neck bones and torso contained a duct system that drew the air through its lungs, and oxygen could be supplied to its tissues at a tremendous rate. It was capable of short sprints, and could pour a great deal of energy into its attacks.

Dinosaur hunts were events of stillness, of ambush and silence and motionlessness, broken by brief bursts of savage violence.

Mammals were not poorly evolved compared to the dinosaurs. The product of her own track of tens of millions of years of evolution, Purga was exquisitely adapted for the niche in which she made her living. But the brutal facts of energy economics kept mammals caged in the neglected corners of a dinosaur world. Overall a dinosaur killer made better use of energy than mammals: this raptor could run like a gazelle but rested like a lizard. It was that combination of energy efficiency and lethal effectiveness that had kept the dinosaurs supreme for so long.

The raptor was something like a huge, ferocious bird, perhaps. Or something like a souped-up crocodile. But it was not truly like those animals. It was like nothing seen on Earth in human times, something no human eye would ever witness.

It was a dinosaur.

This raptor’s preferred way to kill was to burst out of cover and slash at its prey, inflicting wounds that were savage, but often non-lethal. The prey might flee, but it would be weakened by raking wounds to its legs and flanks, or disembowelment, or hamstringing, and blood loss and shock. The raptor had poor dental hygiene - its breath stank ferociously - and its bite passed on a mouthful of  bacteria. The raptor would follow, perhaps attacking again, perhaps just following the scent of the stinking, infected wounds, until weakness disabled the prey.

Today this raptor had struck lucky, by disabling its victim with a single blow. All it had to do now was wait until the titan was too weak to do the raptor any harm. It could even take its food while its prey was still alive.

The raptor would not trouble with such small fry as Purga while such a giant meal awaited it. Moving cautiously, watchfully, she left the shelter of the fern, and scurried across the scrubby flood plain, through the devastated track left by the anatotitan herd, until she reached the security of the trees.

 



For the first time in four billion years, heat had touched the Devil’s Tail. Fragile ice sculptures older than Earth were quickly lost.

Gases boiled through fissures in the crust. Soon a shining cloud of dust and gas the size of the moon had gathered around the comet. The wind from the sun, of light and sleeting particles, made the gas and dust stream behind the falling comet nucleus, in tails millions of kilometres long. The twin tails were extremely tenuous, but they caught the light, and began to shine.

For the first time, uncomprehending eyes on Earth had made out the approaching comet.

Spitting, rotating, its dark nucleus founting gases with ever greater vigour, the Devil’s Tail swam on.




 III 

Another long, hot Cretaceous day wore away.

Purga slept through the day, her new family curled around her. She slept even when her pups suckled. The snug burrow floor was littered with the primates’ soft fur, and it smelled, indubitably, of Purga, of her new mate, and of the three pups who were half of herself.

Purga’s mate gave himself no name, and nor did Purga name him, any more than she named herself. But if she had - in recognition that he could never be the first in her life - she might have called him Second.

As Purga slept, she dreamed. Primates already had brains large and complex enough to require self-referential cleansing. So she dreamed of warmth and darkness, of flashing claws and teeth, and of her own mother, huge in her memory.

Purga, like all mammals, was hot-blooded.

All animal metabolisms were based on the slow cellular burning of food in oxygen. The first animals to colonise the land - gasping fish, driven from drying rivulets, using swim bladders as crude lungs - had had to rely on metabolic engines designed for swimming: in those first land-walkers the metabolic fires had glowed dimly. Still, their decisive move on to the land had been successful; and now and into the future every animal - mammals, dinosaurs, crocodiles and birds, even snakes and whales - would use a variant of the same ancient tetrapod body plan of four legs, a backbone, ribs, fingers and toes.

But some two hundred million years before Purga’s birth, certain animals had begun to develop a new kind of metabolism. They had been predators, driven by selection to burn food more briskly in order to improve their luck in the chase.

It had meant a complete redesign. These ambitious predators needed more food, a higher rate of digestion, a more efficient waste elimination. All this had raised their metabolic rate, even when resting, and they had had to increase the size of heat-producing organs like the heart, kidneys, liver and brain. Even the working of their cells had speeded up. In the end a new and stable high body temperature had been set.

The new hot-blooded bodies had had an unplanned advantage. Cold-bloods relied on drawing heat from the environment. But the hot-bloods did not. They could operate at peak efficiency in the cool of night, when the cold-bloods had to rest, or in extreme heat when cold-bloods would have to hide. They could even prey on cold-bloods - frogs, small reptiles, insects - at times like dawn and dusk when those slow-movers were vulnerable.

But they could not topple the dinosaurs from their thrones; the dinosaurs’ supreme energy efficiency saw to that.

Her dreams were disturbed by the immense stomping of the dinosaurs, as they went about their incomprehensible activities in the world of day above. The ground would shake like an earthquake,  and bits of the burrow walls crumbled and fell around the dozing family. It was as if the world was full of walking skyscrapers.

But there was nothing to be done about any of that. To Purga the dinosaurs were a force of nature, as beyond her control as the weather. In this huge, dangerous world, the burrow was home. The thick earth protected the primates from the heat of the day, and sheltered the still-naked pups from night’s chill: the earth itself was Purga’s shelter against dinosaur weather.

And yet, at the back of her small mind, there was a tiny chapel of memory, a reminder that this was not her first home, not her first family - a lingering warning that she could lose all this too, in another instant of light and flashing claws and teeth.

 



When the Earth turned and the air cooled, and the dinosaurs settled into their nightly torpor, at their feet the dirt stirred. The creatures of the night emerged: insects, amphibians - and many, many burrowing mammals, rising like a tide of miniature life around the dinosaurs’ pillar-like legs.

This night Purga and her new mate travelled together. Purga, a little older and more experienced, led the way. A few centimetres apart, proceeding in cautious fits and starts, they made their way down the shallow slope towards the lake.

They did not usually forage together. But the weather had been dry, and the priority for both of them was to get a drink.

This part of America had endured a long, epochal drying. Here the relic of the ancient inland sea was a great stretch of swampy land, drowned by new sediment from the Rockies to the west, young mountains eroding almost as quickly as they were born. And in this time of relative drought, any standing water was a focus for animals large and small.

And so the lake shore was crowded with dinosaurs.

Here was a herd of triceratops, three-horned giants with huge bony frills that covered their shoulder regions. They were like heavily armed rhinos, dozing in their loose circles, the adults’ ferocious horns pointing outwards to deter any hungry night-prowling aggressor.

There were many duckbilled hadrosaurs. Herds had gathered around this shallow lake, a bewildering, brightly coloured array of  them, and Purga and Second had to creep past forests of their immobile legs, like refugees in an immense sculpture park. Even now, as the duckbills slumbered, their unconscious snoring was a cacophony of deep and mournful hoots, honks and cries, like fog-bound ships.

At last Purga and Second reached the edge of the lake. The water had receded, and they had to cross a stretch of stony, half-dried pond-bottom mud, slick with mucus and sheets of green vegetation. In the eerie, still light Purga drank quickly, her eyes wide and whiskers twitching.

Their thirst sated, the primates split up. Second began to track over the shallow beach, looking for the little piles of coiled sand that marked the presence of a worm.

Purga moved up the beach to the fringe of the scrub, following a more intriguing smell.

She soon found the source of the stink: a fish. It was lying in a heap of rusty fern fronds, its carcass shrivelled within its silvery skin. Somehow stranded far from the water, it had been dead many hours. When Purga poked the fish’s skin it burst, releasing a voluminous, noxious stench - and a squirming mass of ghost-pale maggots. Purga plunged her paws into the carcass. Soon she was pushing maggots into her mouth; the salty goodies burst between her teeth, releasing delicious body juices.

But now another fish came flying over her head, to land deeper into the scrub. Startled, she flattened herself, whiskers twitching.

A dinosaur was standing stock-still in the shallow water. She was tall and upright, some nine metres high, with a jaw like a crocodile’s and a huge purple-red sail on her back. Her teeth were hooked, and her hands were equipped with claws like blades all of thirty centimetres long. Suddenly she plunged her claws into the water, breaking the glimmering surface into shards. A handful of silvery fish flew up, wriggling and squirming, and the dinosaur skilfully snapped most of them out of the air with her long mouth.

This was a suchomimus, a specialist hunter of fish. Her kind was a relatively recent immigrant from Africa, having travelled the land bridges that sporadically connected the continents. She dragged for fish like a bear. She could take her prey with her claws or by scooping  her crocodilian jaw through the water, relying on her hooked teeth. She was hunting in the night, when most creatures of her size had become dormant, because now was the time when the fish, lulled by the dimming of the daylight, came to the surface and the shore to feed.

Some metres behind her, a second suchomimus followed. This was a male; like many hunting dinosaurs, the suchomimus travelled in mating pairs.

The female suchomimus swiped again, and fish rained on to the dry shore, where they flopped briefly, suffocation quickly extinguishing their pinpoint sparks of consciousness. But the female suchomimus ignored such easy takings, apparently preferring the game of the hunt.

As did the watching deinosuchus.

The deinosuchus was a giant crocodile. She glided through the water of the lake, almost silent, hidden from view by a thin surface layer of aquatic fern. Her transparent eyelids slid over yellow eyes, keeping the tiny green leaves away.

This deinosuchus was a female: already sixty years old, twelve metres long, and with many offspring grown to hunters themselves. A time like this - a time of drought, when animals came clustering to the water, in their thirst losing some of their native caution - was a bonus time for the crocodiles, a time of easy pickings. But the deinosuchus was a creature capable of taking on a tyrannosaur; she seldom went hungry, whatever the weather.

The crocodiles were already ancient, descended from bipedal hunters some hundred and fifty million years before. They were supremely successful, dominating the shallow waterways and lakes all over North America and beyond: they were among the few animals of the Cretaceous to die of old age. And they would survive to the time of humans and far beyond.

The exquisitely adapted nostrils of the deinosuchus could sense the motions of the suchomimus pair at the edge of the lake. Her mighty tail flexed once.

Purga saw a kind of eruption at the edge of the lake. Pterosaurs and birds rose from floating nests, cawing throatily in protest. The male suchomimus barely had time to turn his expressionless head  before the crocodile’s jaws locked around one of his hind legs. The crocodile hauled backwards, bringing the suchomimus crashing to the mud, crushing his beautiful crest. The suchomimus hooted and fought, trying to bring his long bloody claws into play. But the crocodile slithered back towards the water, taking the suchomimus with her.

Barely a minute after the deinosuchus had emerged, the turbulence of its passing soothed away from the surface of the water. The female suchomimus seemed baffled by her sudden loss. She patrolled the water’s edge, hooting mournfully.

The crocodile had been a messy killer. The mud of the shore was left soaked in blood, and littered with scraps of the suchomimus - lengths of glistening entrails, chunks of ripped flesh, even its staring, dismembered head. The first scavengers on the scene were a pack of small, agile raptors; they burst from the undergrowth, hopping, jumping and swivelling, lashing out at each other like kick-boxers as they fought over juicy scraps of flesh.

They were soon joined by pterosaurs, flapping in noisily. They landed on the mud and walked clumsily, with legs and elbows splayed like a bat’s. Their heads were long, their beaks narrow and equipped with sharp teeth, beaks that dug deep into the remnants of the suchomimus. As more pterosaurs were attracted, the sky became darkened by their gaunt wings. One pterosaur in particular descended towards two toiling primates.

Purga saw it coming. Second did not.

His only warning was a gush of leathery air, a glimpse of huge hair-covered wings flapping across the sky above him. Then clawed feet fell out of the sky and enclosed him like a cage.

It was over before Second knew what had happened. From the comforting noises of the ground he was lifted into a silence broken only by the rustle of the pterosaur’s huge flapping wings, the silky straining of its wire-like muscles, and by the rush of the wind. He glimpsed the land, dark green and pocked by blue-glimmering ponds, falling away beneath him. And then the view opened up spectacularly to the south-east, the direction where the comet lay. The comet’s head was a vast unearthly lantern hanging over the tongue of sea that pushed into the land from the Gulf of Mexico.

Second longed only to get out of this cage of scaly flesh, back to the ground and his burrow. He thrashed at the talons that contained him, and tried to bite into the flesh; but the scales of the huge creature defied his small teeth.

And the pterosaur squeezed until small primate ribs cracked.

 



The pterosaur was an azhdarchid. She was the size of a hang-glider. Her massive toothless head, with a pointed triangular beak at the front and an elaborate crest at the rear, was sculpted to serve as an aerodynamic aid. Her hollow bones and porous skull made her remarkably light, and her body was tiny. She was nothing but wings and head. She looked like a sketch by Leonardo da Vinci.

The spar of each pterosaur wing was a single tremendous finger. Three remnant fingers created a small claw in the middle of the leading edge. The wing was held open by her hind legs. With all four limbs occupied in controlling the aerodynamic surfaces, the azhdarchid’s relatives could never diversify, like the birds, into running or aquatic forms. But the pterosaurs had been astonishingly successful. With birds and bats they had been one of only three groups of backboned animals to have mastered flight - and they had been the first. By now pterosaurs had darkened Earth’s skies for more than a hundred and fifty million years.

The azhdarchid was capable of taking fish from shallow waters, but made most of her living as a scavenger. She rarely took live mammals. But Second, who had been engrossed in devouring a worm he was pulling from the sand, had not realised how visible the bright comet light had made him. He was not the only animal whose rhythms and instincts were disturbed by the new light in the sky. He had been an easy capture.

Second lay still, encased in pain, as cold air washed over him.

He could see the outstretched wings above him, comet light shining blue through translucent skin. Tiny creatures squirmed: a pterosaur’s wing was an enormous expanse of almost hairless skin packed with blood vessels, a powerful lure for parasitic insects. Every square centimetre of the pterosaur’s wing surface was controlled by an underlying mat of muscle fabric, enabling the azhdarchid to  control her aerodynamics with exquisite precision; her body was a better engineered glider than any manufactured by human hands.

The azhdarchid banked to avoid a smudge of volcanic cloud that hung above the young mountains. It would be fatal for her delicate wings to be caught in such foul air. She was expert at spotting upwelling fountains of warm air - marked by cumulus clouds, or over the sun-facing slopes of hills - that she could exploit for free lift. To her the world was a three-dimensional web of invisible conveyor belts, capable of carrying her anywhere she wanted to go.

The azhdarchid’s nest was in a foothill of the Rockies, above the tree line. A steep wall of young rock soared above a guano-stained ledge littered by eggshells and bones and beaks. Chicks stalked noisily around this confined area, scattering the bits of the shells from which they had emerged a few weeks earlier. There were three of them; they had already devoured a weakling fourth sibling.

The parent worked a spur of bone in her wrist that changed the shape of the wings’ membrane: like air brakes, this enabled her to slow without stalling. She came to a halt a metre above the ledge, and dropped on to her hind legs. She stowed her delicate wing membranes, folded her flight fingers across her back, and walked forward, her knees bent outward and her elbows crooked.

Second was dropped. He clattered against bare rock. He glimpsed the adult azhdarchid flap away. He scrabbled at the rock, but it was too hard to burrow into.

And little monsters closed in on him, blue-black in comet light. Fed by their parents’ proteinaceous offerings of fish and meat, the chicks were growing quickly. But their wings were still undeveloped, and their bodies and heads were relatively large. They looked like miniature dinosaurs.

The first beak nipped at Second’s hind leg, almost playfully. The scent of his own blood evoked sudden memories of the burrow. He experienced a kind of regret. He bared his teeth. The ravenous chicks closed around him. It was over in a heartbeat, his warm body torn apart.

But now something moved, far above the mother azhdarchid. She twisted her sketch of a head to peer upwards. In these tall Cretaceous skies, fuelled by the oxygen-rich air, a pyramid of predators had  erected itself, with all the savagery of its landbound analogues. But when she saw the vast sprawled shadow, skimming over the comet-bright sky above the lowest of the clouds, she knew she was in no danger.

It was only an air whale.

The largest flying animal ever discovered by humans was a type of azhdarchid christened Quetzalcoatlus. Its wingspan of fifteen metres was four times that of the largest birds, condors; it had looked like a light airplane.

But the greatest pterosaur of all was an order of magnitude larger again.

The air whale’s tremendous, delicate wings were one hundred metres, across. His bones were little more than sketches, strut-filled and hollow, astonishingly light. His mouth was vast, a translucent cavern. His main danger was overheating in the unfiltered sunlight of the high air, but his body had a number of mechanisms to compensate, including varying the flow of blood in his tremendous wings, and the placement of air sacs in his body that enabled his internal organs to lose heat.

He lived his life in that thin, high layer of air called the stratosphere, higher than the mountains, above most of the clouds. But even this far from the ground there was life: a thin ethereal plankton of insects and spiders, windblown. Sometimes mating swarms of midges, or even locusts, could be blown up into this lofty realm. This was the whale’s lean bounty, which he scooped endlessly into his vast mouth.

Far below, if he had chosen to look, the air whale might have glimpsed the little drama of Second, the azhdarchid chicks and the pterosaur. But from up here such remote events were of little interest. When he looked down over his airy domain, the whale could see the curve of the Earth: the fat blue band of thicker air that marked the horizon, and the glimmering of the sea in the light of the comet. The sky above faded to violet at the zenith. He was so high that there was too little air to scatter the light effectively; despite the brightness of the comet, he could see stars.

The air whale was capable of circumnavigating the globe, following the stratospheric winds and seeking updrafts, without once  touching the ground. His kind made up a thin population - the aerial plankton could sustain no more - but they were scattered all over the planet. Three or four times in his life he had mated, summoned to the planet’s highest mountain peaks by innate timing mechanisms triggered by the motion of the sun. Mating was perfunctory and uninteresting; such huge, delicate creatures couldn’t afford the displays and courtship rituals of more terrestrial species. Nevertheless ancient instincts did sometimes come to the fore. There could be fights, often savage, almost always lethal, and when that happened huge flimsy bodies would rain out of the skies, to baffle ground-based scavengers.

The whale was the end product of a brutal evolutionary competition, mostly aimed at removing weight; everything that had been surplus to requirements had over the generations been selected out or shrivelled to insignificance. And, since nothing ever happened up here in the cool stratosphere, those diminished organs included the whale’s brain. The whale was at once the most spectacular but among the most stupid of his great family; his brain, though a fine control centre for his elaborate flight systems, was little more than an organic adding machine. So the magnificent astronaut’s-eye view before him meant nothing.

Only the warm oxygen-laden air of the late Cretaceous would allow such immense delicate creatures to escape from gravity’s clutches, and never again would there be a gene bank like the pterosaurs to supply raw material for similar evolutionary experiments. Never again would any creature fill this particular ecological niche, and in future the windblown insects would sail in peace.

And human palaeontologists, piecing together this remote era from fragments of bone and fossilised plant, would learn little of the true giants. Most pterosaur bones found would be of marine and lakeland species, because that was where fossils were most easily preserved. By comparison the creatures that dominated the roof of the world, the upland areas and mountaintops, left few traces, for their habitats were subject to ferocious uplift and erosion: the highest mountains of the human era, the Himalayas, did not even exist in the Cretaceous.

The fossil record was patchy and selective. All through time there  had been monsters and wonders that no human being would ever know had existed - like this immense flyer.

With the most delicate of touches from his immense extended forefingers the whale banked his wings and soared towards a particularly rich layer of aerial plankton.

 



The cruel night was not yet done with Purga.

Despite the loss of Second, she continued to forage. There was no choice. Death was common: life continued. There was no time to grieve.

But when she returned to her burrow a small, narrow face came pushing out of the dark towards her: a twitching, mobile snout, bright black eyes, quivering whiskers: one of her kind, another male.

She hissed and backed out of the burrow entrance. She could smell blood. The blood of her pups.

It had happened again. Without hesitation Purga launched herself at the male. But he was fat and strong - evidently a good forager - and he pushed her away easily.

In despair she ran out into the dangerous dawn, where mountainous dinosaurs were starting to stir, the air resonating to the first long-distance calls of the hadrosaurs. She made for an old fern she knew, around whose roots the ground was dry and crumbling. Quickly she dug herself in, ignoring the moist squirms of the worms and beetles. Once she was safe in her cocoon of soil she lay there trembling, trying to shut out of her head the dread stink of her pups’ blood.

The strange male, on discovering Purga’s scent marks - the scent of a fertile female - had followed them back to the burrow, carefully covering over her marks with his own in order to hide her from any other males.

When he had entered the burrow the pups had clustered around the stranger, his same-species smell overwhelming his warning aura of not-of-my-family. He could smell from the traces of fur and dung that a healthy, fertile female lived here. The female was of use to him, but not the pups. They did not smell of him; they were nothing to do with him. Without them, the female would have that much more incentive to raise the litter he would give her.

For the male, it was all utterly logical. The two larger pups had  mouthed his belly, seeking milk, even as the male had consumed their younger sister.

The night after that the male found her again, having tracked her scent. He still stank of her dead babies, of the lost part of her. She fought him off savagely.

It took her two more nights before she accepted his courtship. But soon her body would begin to incubate his young.

It was hard.

It was life.

It would have been of no consolation to Purga to know that this brutal landscape, which had swallowed up two of her broods, would soon be overwhelmed by a wave of suffering and death to dwarf anything she had endured.
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Earth was now inside the comet’s swelling coma, the loose cloud of gases that swathed the nucleus itself.

All over the night side of Earth the tail could be seen stretching away from the sun. It was as if the planet had drifted into a sparkling tunnel. The sky glittered with meteors, tiny bits of comet falling harmlessly into the high atmosphere, creating a light show glimpsed by uncaring dinosaurs.

But the comet’s nucleus was bigger than any meteor. It moved at twenty kilometres per second, at interplanetary speeds. It had already crossed the orbit of the moon.

From where it would take just five more hours to reach Earth.

All night long, the birds and pterosaurs sang their confusion; during the day, they slumped with exhaustion. There was no room in their neural programming for a new light in the sky, and they were disturbed at a deep cellular level. In the shallow seas, too, the unending light had disturbed the plankton, and larger creatures like crab and shrimp; the cynical hunters of the reef fed well.

Only the great dinosaurs were unperturbed. The comet light made no difference to the air temperature, and when true night had fallen they slipped into their usual torpor. On the last night of a reign that  had lasted nearly two hundred million years, the rulers of the Earth slept untroubled.

 



If not for the tyrannosaur eggs, the young giganotosaur would have spotted the disturbed tro-odon earlier. In the lee of the mountains, he stalked silently through green shadows. His name meant ‘Giant’.

The forest here was sparse, spindly araucaria and tree ferns, scattered over a ground littered with sharp-edged volcanic rocks. Nothing moved. Anything that could hide had already hidden; anything else lay still, hoping for the shadow of death to pass by.

He came to a pile of moss and lichen. Superficially it looked like a heap of debris piled up at random by wind or the passage of animals. But Giant recognised the characteristic scrapings, the lingering smell of meat-eater.

It was a nest.

With a rumble of anticipation, he fell on the nest and began to dismantle it with his stubby forearms. When he had exposed the eggs, Giant dug his clawed thumb with a surgical precision into the top of the largest. He pulled out the embryo head first. As the mucus and yolk drained from it, lurid colours bright, Giant saw the chick squirm feebly, even saw its tiny heart beat.

Just as the embryos of chimps, gorillas, humans would all be disturbingly similar, so dinosaur foetuses all looked alike. There was no way to know this chick would have been a female tyrannosaur. Blind, deaf, immature, the embryo struggled to open her mouth, dimly imagining the hulking shape of a mother who would feed her. Giant flicked the embryo into its mouth and swallowed it without chewing. The chick’s life ended in crushing, acidic darkness.

It didn’t matter. Even if no predator had come this way, her egg would have been destroyed before she could have hatched, by a monster even more terrible than a giganotosaur.

Giant was descended from South American stock that had crossed a temporary land bridge into this continent a thousand years earlier.

In a world of slowly separating island continents, the dinosaur fauna had become diverse. In Africa there were archaic-looking long-necked giant herbivores, and creatures like hippos with fat, low-slung bodies and powerfully clawed thumbs. In Asia there were small,  fast-running horned dinosaurs with noses like parrots’ beaks. And in South America large sauropods were hunted by giant pack-hunting predators; there it was like a throwback to earlier times, to Pangaea. The giganotosaurs had cut their evolutionary teeth hunting the great South American titanosaurs.

Giant was an immature male, and yet he already out-massed all but the very largest carnivores of the era. Giant’s head, in proportion to his body, was larger than a tyrannosaur’s - and yet his brain was smaller. The giganotosaurs were less agile, less fast, less bright; they had more in common with the ancient allosaurs, equipped to kill with teeth and hands, whereas the tyrannosaurs, all their evolutionary energy funnelled into their huge heads, specialised in immense shark-like bites. Where the tyrannosaurs were solitary ambush hunters, the giganotosaurs were pack animals. To bring down a sauropod fifty metres long and weighing a hundred tonnes, you didn’t need brains as much as raw strength, rudimentary teamwork - and a kind of reckless frenzy.

But, coming across that land bridge into a new country, the giganotosaurs had been forced to confront an established order of predators. The invaders had quickly learned that their takeover of a region could not succeed unless they first mounted a bloody coup against the ruling carnivore.

Which was why this young male giganotosaur was munching slippery tyrannosaur embryos. Resolutely Giant cracked one egg after another. The carefully constructed nest turned into a mess of shattered eggs, scattered moss and chunks of dismembered chick. Giant was feeding well - and issuing a challenge.

It would be a transfer of power. The tyrannosaur had been the top predator, mistress of the land for a hundred kilometres around, as if the whole elaborate ecosystem was a vast farm run for her benefit. The prey species had come to terms with the formidable presence that lived amongst them: with their armour or weapons or evasive strategies, each of the hunted had reached a point where their losses to predators were not a threat to the endurance of the herd.

Given time, all that would have changed. The impact of the invaders’ hunger would have rippled down the food chain, disturbing  creatures large and small, before a new equilibrium could be established. It would have taken longer still for the prey species to learn new behaviours, or even evolve new coping systems or armour to deal with the giganotosaurs.

But none of that would happen. There would not be time for the giganotosaur clan to exploit their triumph. Not in the few hours left.

The nest destroyed, Giant wandered away. He was still hungry, as always.

He could smell putrefaction in the still, misty air. Something huge had died: easy meat, perhaps. He pushed through a bank of tree ferns and emerged into another small clearing. Beyond, through a screen of greenery, he could dimly see the black flank of a young volcanic mountain.

And there, in the middle of the clearing, was a dinosaur - a tro-odon - standing quite still above a scraping of earth.

Giant froze. The tro-odon had not seen him. And she was alone; there were none of the watchful companions he associated with the packs of this particular agile little dinosaur.

There was something wrong with the way she was behaving. And that, so the grim predatory calculus of his mind prompted him, gave him an opportunity.

 



Wounding Tooth should have been able to overcome the loss of a clutch of eggs.

This was a savage time, after all. Infant mortality rates were immense; and at any time of life sudden death was the way of things. This was the world the tro-odon had been evolved to cope with.

But she could not cope, not any more.

She had always been the weakest of her brood. She would not even have survived the first days after her hatching if not for the chance decimation of her siblings by a roaming marsupial predator. She had grown to overcome her physical weakness, and had become an effective hunter. But in a dark part of her mind she had always remained the weakest, robbed of food by her siblings, even eyed as a cannibalistic snack.

Add to that a slow poisoning by the fumes and dust of the volcanoes in the west. Add to that an awareness of her own ageing.  Add to that the hammer blow of her lost brood. She hadn’t been able to get Purga’s scent out of her head.

It had not been hard to pursue that scent out of her home range, across the flood plain to the ocean shore, and now to this new place where the scent of Purga was strong.

Wounding Tooth stood still and silent. The burrow, her nose told her, was right under her feet. She bent and pressed one side of her head against the ground. But she heard nothing. The primates were very still.

So she waited, through the long hours, as the sun rose higher on this last day, as the comet light grew subtly brighter. She did not even flinch when meteors flared overhead.

If she had known about the giganotosaur that watched her she would not have cared. Even if she could have understood the meaning of the comet light she would not have cared. Let her have Purga; that was all.

It was a peculiar irony that her high intelligence had brought Wounding Tooth to this. She was one of the few dinosaur types smart enough to have gone insane.

 



It was not yet dark. Purga could tell that from the glint of light at the rough portal to the burrow. But what was day, what was night in these strange times?

After several nights bathed in comet light, she was exhausted, fractious, hungry and so was her mate, Third, and her two surviving pups. The pups were just about large enough to hunt for themselves now, and therefore dangerous. If there was not enough food the family, pent up in this burrow, might turn on each other.

The imperatives slid through her mind, and a new decision was reached. She would have to go out, even if the time felt wrong, even if the land was flooded with light. Hesitantly she moved towards the burrow entrance.

Once outside, she stopped to listen. She could hear no earth-shaking footsteps. She stepped forward, muzzle twitching, whiskers exploring.

The light was strong, strange. In the sky cometary matter continued to fall, streaking across the dome of sky like silent fireworks. It  was extraordinary, somehow compelling - too remote to be frightening—

An immense cage plunged out of the sky. She scrabbled back towards the burrow. But those great hands were faster, thick ropy muscles pulling the fingers closed around her.

And now she faced a picket fence of teeth, hundreds of them, a tremendous face, reptilian eyes as big as her head. A giant mouth opened, and Purga smelled meat.

The dinosaur’s face, with its vast, thin-skinned snout, had none of the muscular mobility of Purga’s. Wounding Tooth’s head was rigid, expressionless, like a robot’s. But though she could not show it, all of Wounding Tooth’s being was focused on the tiny warm mammal in her grip.

Her limbs pinned against her belly, Purga stopped struggling.

Oddly, Purga, in this ultimate moment, knew a certain peace that Wounding Tooth would have envied. Purga was already in her middle age, already slowing in her movements and thought. And she had, after all, achieved as much as a creature like her could have hoped for. She had produced young. Even encased in the tro-odon’s cold reptilian grip, she could smell her young on her own fur. In her way she was content. She would die - here and now, in heartbeats - but the species would go on.

. . . But something moved beyond the tro-odon’s bulky body, something even more massive, a gliding mountain, utterly silent.

The tro-odon was unbelievably careless. Giant didn’t care why. And he didn’t care about the warm scrap she held in her hands.

His attack was fast, silent and utterly savage, a single bite at her neck. Wounding Tooth had time for a moment of shock, of incredible pain - and then, as whiteness enfolded her, a peculiar relief.

Her hands opened. A ball of fur tumbled through the air.

Before Wounding Tooth’s body fell Giant had renewed his attack. Briskly he slit open the belly cavity and began pulling out entrails. He expelled their contents by shaking them from side to side; bloody, half-digested food showered the area.

Soon his two brothers came racing across the clearing. Giganotosaurs hunted together, but their society was fragile at the best of times. Giant knew he couldn’t defend his kill, but he was determined  not to lose it all. Even as he chewed on the liver of Wounding Tooth, he turned to kick and bite.

Purga found herself on the ground. Above her, mountains battled with ferocious savagery. A rain of blood and saliva fell all around her. She had no idea what had happened. She had been ready for death. Now here she was in the dirt, free again.

And the light in the sky grew stranger yet.

 



The comet nucleus could have passed through the volume of space occupied by Earth in just ten minutes.

In the great boiling it had endured the comet had lost a great deal of mass, but not a catastrophic amount. If it had been able to complete its skim around the sun, it would have soared back out to the cometary cloud, quickly cooling, the lovely coma and tail dispersing into the dark, to resume its aeonic dreaming.

If.

For days, weeks, the comet had worked its way across the sky, but slowly, its hour-by-hour motion imperceptible to any creatures who glanced up at it, uncomprehending. But now the bright-glowing head was sliding: sliding down the sky like a setting sun, sinking towards the southern horizon.

All across the daylit side of the planet, silence fell. Around the drying lakes the crowding duckbills looked up. Raptors ceased their stalking and pursuit, just for a moment, their clever brains struggling to interpret this unprecedented spectacle. Birds and pterosaurs flew from their nests and roosting places, already startled by a threat they could not understand, seeking the comfort of the air.

Even the warring giganotosaurs paused in their brutal feeding.

Purga bolted for the darkness of her burrow. The disembodied head of the tro-odon fell behind her, lodging in the burrow’s entrance, following Purga with a grotesque, empty stare, as the light continued to shift.
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The Hunters of Pangaea

Pangaea,
 c. 145 million years before present.

 



 



Eighty million years before Purga was born, an ornitholestes stalked through the dense Jurassic forest, hunting diplodocus.

This ornith was an active, carnivorous dinosaur. She was about the height of an adult human, but her lithe body was less than half the weight. She had powerful hind legs, a long, balancing tail and sharp conical teeth. She was coated in brown, downy feathers, a useful camouflage in the forest fringes where her kind had evolved as hunters of carrion and eggs. She was like a large, sparsely feathered bird.

But her forehead might almost have been human, with a high skull cap that sat incongruously over a sharp, almost crocodilian face. Around her waist was a belt and a coiled whip. In her long, grasping hands she carried a tool, a kind of spear.

And she had a name. It would have translated as something like ‘listener’, for, although she was yet young, it had already become clear that her hearing was exceptional.

Listener was a dinosaur: a big-brained dinosaur who made tools, and who had a name.

For all their destructiveness, the herds of duckbills and armoured dinosaurs of Purga’s day were but a memory of the giants of the past. In the Jurassic era had walked the greatest land animals that had ever lived. And they had been stalked by hunters with poison-tipped spears.

[image: 001]

Listener and her mate slid silently through the green shade of the forest fringe, moving with an unspoken coordination that made them look like two halves of a single creature. For generations, reaching back to the red-tinged mindlessness of their ancestors, this species of carnivore had hunted in mating pairs, and so they did now.

The forest of this age was dominated by tall araucaria and ginkgoes. In the open spaces there was a ground cover of ground ferns, saplings and pineapple-shrub cycadeoids. But there were no flowering plants. This was a rather drab, unfinished-looking world, a world of grey-green and brown, a world without colour, through which the hunters stalked.

Listener was first to hear the approach of the diplo herd. She felt it as a gentle thrumming in her bones. She immediately dropped to the ground, scraping away ferns and conifer needles, and pressed her head against the compacted soil.

The noise was a deep rumble, like a remote earthquake. These were the deepest voices of the diplos - what Listener thought of as belly-voices, a low-frequency contact rumble that could carry for kilometres. The diplo herd must have abandoned the grove where it had spent the chill night, those long hours of truce when hunters and hunted alike slid into dreamless immobility. It was when the diplos moved that you had a chance to harass the herd, perhaps to pick off a vulnerable youngster or invalid.

Listener’s mate was called Stego, for he was stubborn, as hard to deflect from his course as a mighty - but notoriously tiny-brained - stegosaur. He asked. They are moving?

Yes, she replied. They are moving.

Hunting carnivores were accustomed to working silently. So their language was a composite of soft clicks, hand signals and a ducking body posture - no facial expressions, for the faces of these orniths were as rigid as any dinosaur’s.

As they approached the herd, the noise of the great animals’ belly-voices became obvious. It made the very ground shake: the languid fronds of ferns vibrated, and dust danced up, as if in anticipation. And soon the orniths could hear the footfalls of the mighty animals,  tremendous, remote impacts that sounded like boulders tumbling down a hillside.

The orniths reached the very edge of the forest. And there, before them, was the herd.

When diplodocus walked, it was as if the landscape was shifting, as if the hills had been uprooted and were moving liquidly over the land. A human observer might have found it difficult to comprehend what she saw. The scale was wrong: surely these great sliding masses must be something geological, not animal.

The largest of this forty-strong herd was an immense cow, a diplo matriarch who had been the centre of this herd for over a century. She was fully thirty metres long, five metres tall at the hips, and she weighed twenty tonnes - but then even the youngsters of the herd, some as young as ten years old, were more massive than the largest African elephant. The matriarch walked with her immense neck and tail held almost horizontal, running parallel to the ground for tens of metres. The weight of her immense gut was supported by her mighty hips and broad elephantine legs. Thick ropelike ligaments ran up her neck, over her back and along the tail, all supported in canals along the top of the backbone. The weight of her neck and tail tensed the ligaments over the neck, thereby balancing the weight of the torso. Thus she was constructed like a biological suspension bridge.

The matriarch’s head looked almost absurdly small, as if it belonged to another animal entirely. Nevertheless this was the conduit through which all her food had to pass. She fed constantly, her powerful jaws capable of taking bits out of tree trunks, huge muscles flowing as the low-quality food was briskly processed. She even cropped in her sleep. In a world as lush as this late Jurassic, finding food wasn’t a problem.

Such a large animal could move only with a chthonic slowness. But the matriarch had nothing to fear. She was protected by her immense size, and by a row of tooth-like spines and crude armour plates on her back. She did not need to be smart, agile, to have fast reactions; her small brain was mostly devoted to the biomechanics of her immense body, to balance, posture and movement. For all her bulk the matriarch was oddly graceful. She was a twenty-tonne ballerina.

As the herd progressed the herbivores snorted and growled, lowing irritably where one mighty body impeded another. Under this was the grinding, mechanical noise of the diplos’ stomachs. Rocks rumbled and ground continually within those mighty gizzards to help with the shredding of material, making a diplo’s gut a highly efficient processor of variable, low-quality fodder that was barely chewed by the small head and muscleless cheeks. It sounded like heavy machinery at work.

Surrounding this immense parade were the great herbivores’ camp followers. Insects hovered around the diplos themselves and their immense piles of waste. Through their swarms dove a variety of small insectivorous pterosaurs. Some of the pterosaurs rode on the diplos’ huge uncaring backs. There was even a pair of ungainly, chicken-flapping proto-birds running around the feet of the diplos, snapping enthusiastically at grubs, ticks and beetles. And then there were the carnivorous dinosaurs, who hunted the hunters in turn. Listener spotted a gaggle of juvenile coelurosaurs, gamely stalking their prey among the tree-trunk legs of the herbivores, at every moment risking death from a carelessly placed footfall or tail twitch.

It was a vast, mobile community, a city that marched endlessly through the world forest. And it was a community of which Listener was part - where she had spent all her life, which she would follow until she died.

Now the diplo matriarch came to a grove of ginkgoes, quite tall, ripe with green growth. She raised her head on its cable neck for a closer inspection. Then she dipped her head into the leaves and began to browse, tearing at the leaves with her stubby teeth. The other adults joined her. The animals began simply to barge down the trees, snapping trunks and even ripping roots out of the ground. Soon the grove was flattened; it would take decades for the ginkgoes to recover from this brief visit. Thus the diplos shaped the landscape. They left behind a great scribble of openness, a corridor of green savannah in a world otherwise dominated by forest, for the herd so ravaged the vegetation of any area that it had to keep moving, like a rampaging army.

These were not the mightiest herbivores - that honour went to the giant, tree-cropping brachiosaurs, who could grow as massive as  seventy tonnes - but the brachiosaurs were solitary, or moved in small groups. The diplos’ herds, sometimes a hundred strong, had shaped the land as no animal had before or since.

This loose herd had been together, travelling forever east, its members changing, its structure continual, for ten thousand years. But there was room for such titanic journeys.

Jurassic Earth was dominated by a single immense continent: Pangaea, which meant ‘the land of all Earth’. It was a mighty land. South America and Africa had docked to form a part of the mighty rock platform, and a titanic river drained the heart of the supercontinent - a river of which the Amazon and Congo were both mere tributaries.

As the continents had coalesced there had been a great pulse of death. The removal of barriers of mountain and ocean had forced species of plants and animals to mix. Now a uniformity of flora and fauna sprawled across all of Pangaea, from ocean to ocean, pole to pole, a uniformity sustained even though vast tectonic forces were already labouring to shatter the immense landmass. Only a handful of animal species had survived the joining: insects, amphibians, reptiles - and protomammals, reptilian creatures with mammalian features, a lumpen, ugly, unfinished lot. But that handful of species would ultimately give rise to all the mammals, including humans, and to the lineages of birds, crocodiles and dinosaurs.

As if in response to the vast landscape in which they found themselves, the diplos had grown huge. Certainly their immensity was suitable for these times of unpredictable, mixed vegetation. With her long neck a diplo could work methodically across a wide area without even needing to move, taking whatever ground cover was available, even the lower branches of trees.

In the clever orniths, though, the diplos faced a new peril, a danger for which evolution had not prepared them. Nevertheless, after more than a century of life, the matriarch had absorbed a certain wisdom, and her eyes, deep red with age, betrayed an understanding of the nimble horrors that pursued her kind.

 



Now the patient orniths had their best opportunity.

The diplos still crowded around the wrecked ginkgo grove, their bodies in a starburst formation. Their heads on their long necks  dipped over the scattered foliage like cherry-picker mechanical claws. Youngsters clustered close, but for now they were excluded by the giant adults.

Excluded, forgotten, exposed.

Stego ducked his head towards one of the diplo young. She was a little smaller than the rest: no larger than the largest African elephant, a genuine runt. She was having trouble forcing her way into the feeding pack, and she snapped and prowled at the edge of the formation with a massive birdlike twitchiness.

There was no real loyalty among the diplos. The herd was a thing of convenience, not a family grouping. Diplos laid their eggs in the edge of the forest, and then abandoned them. The surviving hatchlings would use the cover of the forest until they had grown sufficiently massive to take to the open land and seek a herd.

The herds made strategic sense: diplos helped protect each other by their presence together. And any herd needed new blood for its own replenishment. But if a predator took one of the young, so be it: in the endless Pangaean forests, there was always another who would take her place. It was as if the herd accepted such losses as a toll to be paid for its continuing passage through the ancient groves.

Today it looked as if this runty female would pay that toll.

Listener and Stego took their whips of diplo leather from around their waists. Whips raised, spears ready, they crept through the rough scrub of saplings and ferns that crowded the edge of the forest. Even if the diplos spotted them they would probably not react; the diplos’ evolutionary programming contained no alarm signals for the approach of two such diminutive predators.

A silent conversation passed in subtle movements, nods, eye contacts.

That one, said Stego.

Yes. Weak. Young.

I will run at the herd. I will use the whip. Try to spook them. Separate the runt.

Agreed. I will make the first run . . .

It should have been routine. But as the orniths approached, coelurosaurs scuttled away, and pterosaurs flapped awkwardly into the air.

Stego hissed. Listener turned.

And looked into the eyes of another ornith.

There were three of them, Listener saw. They were a little larger than Listener and Stego. They were handsome animals, each with a distinctive crest of spiny decorative scales running down the back of the head and neck; Listener felt her own spines rise up in response, her body obeying an unbidden, ancient instinct.

But these orniths were naked. They had no belt of woven bark around their waists, like Listener’s; they carried no whips, no spears, and their long hands were empty. They did not belong to Listener’s hunting nation, but were her remote cousins - wild orniths - the small-brained stock from which her kind had arisen.

She hissed, her mouth gaping wide, and strode into the open. Get away! Get out of here!

The wild orniths stood their ground. They glared back at Listener, their own mouths gaping, heads bobbing.

A tinge of apprehension touched Listener. Not so long ago three like these would have fled at her approach; the wild ones had long learned to fear the sting of weapons wielded by their smarter cousins. But hunger outweighed their fear. It had probably been a long time since these brutes had come across a diplo nest, their primary food source. Now these clever opportunists probably hoped to steal whatever Listener and Stego managed to win for themselves.

The world-forest was getting crowded.

Listener, confronted by this unwelcome reminder of her own brutish past, knew better than to show fear. She continued to stalk steadily towards the three wild orniths, head dipping, gesturing. If you think you are going to steal my kill you have another think coming. Get out of here, you animals. But the mindless ones replied with hisses and spits.

The commotion was beginning to distract the diplodocus. That runty female had already ducked back into the mass of the herd, out of reach of the hunters. Now the big matriarch herself looked around, her head carried on her neck like a camera platform on a boom crane.

It was the chance the allosaurs had been waiting for.

The allos stood like statues in the forest’s green shade, standing upright on their immense hind legs, their slender forearms with their  three-clawed hands held beneath. This was a pack of five females, not quite fully grown - but nevertheless each of them was ten metres long, and weighed more than two tonnes. Allosaurs were not interested in runtish juveniles. They had targeted a fat male diplo, like themselves just a little short of full maturity. As the herd milled, distracted by the commotion of the squabbling orniths, that fat male got himself separated from the protective bulk of the herd.

The five allos attacked immediately, on the ground, in the air. With hind claws like grappling hooks they immediately inflicted deep, ugly wounds. They used their strongly constructed heads like clubs, battering the diplo, and teeth like serrated daggers gouged at the diplo’s flesh. Unlike tyrannosaurs, they had big hands and long, strong arms they used to grab on to the diplo while dismembering him.

Allosaurs were the heaviest land carnivores of all time. They were like upright, meat-eating, fast-running elephants. It was a scene of immense and ferocious carnage.

Meanwhile the diplo herd was fighting back. The adults, bellowing in protest, swung their huge necks back and forth over the ground, hoping to sweep aside any predator foolish enough to come close. One of them even reared up on her hind legs, a vast overpowering sight.

And they deployed their most terrible weapon. Diplo tails lashed, all around the herd, and the air was filled with the crackle of shock waves, stunningly loud. A hundred and forty-five million years before humans, the diplos had been the first animals on Earth to break the sound barrier.

The allosaurs retreated quickly. Nevertheless one of them was caught by the tip of a supersonic whip-tail that crashed into her ribs. Allosaurs were built for speed and their bones were light; the tail cracked three ribs, which would trouble the allosaur for months to come.

But the attack, in those few blistering moments, had been successful.

Already one great leg had collapsed under the male diplo, its ripped tendons leaving it unable to sustain its share of the animal’s weight. Soon his loss of blood would weaken him further. He raised  his head and honked mournfully. It would take hours yet for him to die - the allosaurs, like many carnivores, liked to play - but his life was already over.

Gradually the crackle of whiplash tails ceased, and the herd grew calmer.

But it was the big matriarch who delivered the last whiplash of all.

When the allosaurs had attacked, the orniths, suddenly united in terror, had fled the clearing. Now Listener and Stego skulked side by side in the forest-edge scrub, their unused weapons in their hands, their hunt thwarted. But it wasn’t all bad news. When the allos were done feeding there might be meat to be scavenged from the fallen diplo—

Then came that last whiplash. The huge diplo’s tail landed clean across Stego’s back, laying his skin open to the bone. He screamed and fell, tumbling out into the open, his mouth agape. The slit pupils in his eyes pulsed as he gazed up at Listener.

And one of the allosaurs, not far away, turned with glassy interest. Listener stood stock-still, shocked.

With a single bound the allo reached Stego. Stego screamed and scrabbled at the mud. The allo poked him curiously, almost gently, with her muzzle.

Then, with astonishing speed, the allo’s head shot forward and delivered a single clean bite, all but severing Stego’s neck. She grabbed him by the shoulder, lifting him high. His head dangled by a few threads of skin, but his body twitched still. She carried him to the edge of the forest, away from the herd, where she began to feed. The process was efficient. The allo had joints within her jaw and skull, so that like a python she could open her mouth widely and position her teeth, the better to consume her prey.

Listener found herself staring stupidly at an allosaur track, a three-toed crater firmly planted in the trampled mud. A hunter without her mate is like a herd without its matriarch: an ornith proverb that sounded in her head, over and over.

The big matriarch diplo swung her head around to stare directly at Listener. Listener understood. The orniths’ antics had given the allos their chance to attack. So, with her whiplash, the matriarch had exposed Stego. She had given him to the allos. It had been revenge.

The matriarch turned away, lowing, as if contented.

Something hardened, a dark core, in Listener’s mind.

She knew she would spend the rest of her life with this herd. And she knew that the matriarch was its most important individual: providing protection to the rest with her sheer bulk, leading them with her wisdom acquired over long years. Without her the herd would be much less well coordinated, much more under threat. In a way, this matriarch was the most important individual creature in Listener’s life.

But in that moment, she swore vengeance of her own.

 



Each night the orniths retreated to their ancestral forest, where once they had hunted mammals, insects and the nests of diplodocus. They scattered in little pockets; and surrounded the area with heavily armed sentries. That evening, the mourning was extensive. This ornith nation was only a few hundred strong, and could ill afford to lose a strong, intelligent young male like Stego.

Even as the cold of night drew in, Listener found it hard to rest.

She gazed up at a sky across which auroras flapped, steep three-dimensional sculptures of light, green and purple. In this age Earth’s magnetic field was three times its strength in the human era, and, as it trapped the wind streaming from the sun, the shining auroras would sometimes blanket the planet from pole to pole. But the lights in the sky meant nothing to Listener, and brought no comfort or distraction.

She sought refuge in memories of happier, simpler times when she and Stego, emulating their distant ancestors, had hunted for diplo eggs. The trick was to seek out a patch of forest floor, not too far from the edge, that looked apparently lifeless, strewn with leaves and dirt. If you put your sensitive ear to the ground you could hear, if you were lucky, the telltale scratching of diplo chicks in their eggs. Listener had always preferred to wait, to guard ‘her’ nest from others, until the diplo chicks began to break through their eggs and stick their tiny heads out of the scattered dirt.

For an inventive mind like Listener’s there was no end to the games you could play.

You could try to guess which chick would come up next. You  could see how quickly you could kill a new emergent, snuffing it out within a heartbeat of its first glimpse of daylight. You could even let the chicks come out of their shells altogether. Already a metre long, with their flimsy tails and necks dangling, the chicks’ only priority was to escape to the deeper forest. You could let a chick get all the way to a patch of scrub - almost, and then haul it back. You could nip off its legs one by one, or bits of its tail, and, crunching the little morsels, see how it still struggled, as long as its brief life lasted, to get away.

All smart carnivores played. It was a way of learning about the world, of how prey animals behaved, of honing reflexes. For their time, orniths had been very smart carnivores indeed.

Once, not more than twenty thousand years ago, a new game had occurred to one of them. She had picked up a nearby stick in her grasping hand, and she used that to probe for unbroken eggs.

By the next generation the sticks had become hooks to drag out the embryos, and sharpened spears to stab them.

And by the next, the new weapons were being trialled on bigger game: juvenile diplos, younger than five or six years, not yet part of a herd but already a meat haul worth hundreds of embryonic chicks. Meanwhile a rudimentary language was born, of the subtle communications of pack hunters.

A kind of arms race followed. In this age of immense prey, the orniths’ better tools, more sophisticated communication and complex structures were quickly rewarded by bigger and better hauls of meat. Ornith brains rapidly expanded, the better to make the tools, and sustain societies, and process language - but there was a need for more meat to feed the big expensive brains, requiring better tools yet. It was a virtuous spiral that would operate again, much later in Earth’s long history.

The orniths had spread all over Pangaea, following their prey herds as they criss-crossed the supercontinent along their vast ancestral corridors of parkway.

But now conditions were changing. Pangaea was breaking up, its backbone weakening. Rift valleys, immense troughs littered with ash and lava, were starting to open. New oceans would be born in a great cross shape: eventually the Atlantic would separate the Americas from Africa and Eurasia, while the mighty equatorial Tethys would  separate Europe and Asia from Africa, India, Australasia. Thus Pangaea would be quartered.

It was a time of rapid, and dramatic climate change. The drift of continental fragments created new mountains which in turn cast rain shadows across the lands; the forests died back, and immense dune fields spread. Generation by generation - as their range disintegrated, and the vegetation no longer had time to recover from their devastating passage - the great sauropod herds were diminishing.

Still, if not for the orniths, the sauropods might have lingered much longer, even surviving into the great high summer of dinosaur evolution, the Cretaceous.

If not for the orniths.

Though Listener went on to take more mates, and to raise proud clutches of healthy and savage young, she never forgot what had become of her first mate, Stego. Listener did not dare challenge the matriarch. Everyone knew that the best chance of the herd’s survival was for the powerful old female to continue her long life; after all, no new matriarch had emerged to replace her.

But, slowly and surely. Listener drew up her plans.

It took her a decade. Over that time the numbers of diplos in the herd halved. The allosaurs too went into steep decline across the supercontinent as their prey animals became scarce.

At last, after a particularly harsh and dry season, the old one was observed to limp. Perhaps there was arthritis in her hips, as there evidently was in her long neck and tail.

The time was close.

Then Listener smelled something in the wind from the east, a taste she had not known for a long time. It was salt. And she realised that the fate of the matriarch was no longer important.

At last she achieved a consensus among the hunters.

 



The great diplo cow was now one hundred and twenty years old. Her hide bore the scars of failed predator attacks, and many of the bony spines on her back were snapped off. Still she was growing, now massing a remarkable twenty-three tonnes. But the degeneration of her bones, after their heroic lifetime of load-bearing, had slowed her cruelly.

On the day her strength finally ran out, it took only a few minutes of the herd’s steady ground-covering trot for her to become separated from the pack.

The orniths were waiting. They had been waiting for days. They reacted immediately.

Three males moved in first, all of them sons of Listener. They stalked around the matriarch, cracking their whips, flimsy bits of treated leather that emulated the diplos’ own supersonic crackle.

Some of the diplo herd looked back dimly. They made out the matriarch, and her tiny predators. Even now the million-year programming of the diplos’ small brains could not accept that these skinny carnivores presented any threat. The diplos turned away, and continued their relentless feeding.

The matriarch could see the capering, diminutive figures before her. She rumbled her irritation, the boulders grinding in her stomach. She tried to lift her head, to bring her tail to bear, but too many joints had fused to painful immobility.

Now the second wave of hunters moved in. Armed with poison-tipped spears, and using the claws of their hands and feet, they attacked the matriarch as allosaurs once had, striking and retreating.

But the matriarch had not survived more than a century by chance. Summoning up the last of her energy, ignoring the hot aches that spread from the pinpricks in her side, she reared up on her hind feet. Like a falling building, she towered over the band of carnivores, and they fled before her. She crashed back to the earth with an impact like a sharp earthquake, her slamming forefeet sending waves of pain through every major joint in her body.

If she had fled then, if she had hurried after her herd, she might have survived, even throwing off the effects of the spears. But that last monumental effort had briefly exhausted her. And she was not given time to recover. Again the hunters closed in, striking at her with their spears and claws and teeth.

And here came Listener.

Listener had stripped naked, discarding even the whip around her waist. Now she flew at the diplo’s flank, which quivered mountainously. The hide itself was like thick leather, resistant even to her powerful claws, and it was criss-crossed by gullies, the scars of  ancient wounds, within which parasitic growths blossomed, lurid red and green. The stink of rotten flesh was almost overwhelming. But she clung there, digging in her claws. She climbed until she had reached the spines that lined the matriarch’s back. Here, Listener bit into the diplo’s flesh and began to rip away at the horny plates embedded beneath.

Perhaps in some dark corner of her antique mind the diplo remembered the day she had ruined this little ornith’s life. Now, aware of new pains on her back, she tried to turn her neck, if not to swipe away the irritation, at least to see the perpetrator. But she could not turn.

Listener did not stop her frantic, gruesome excavation until she had dug down to the spinal cord itself, which she severed with a harsh bite.

 



For long days the mountain of meat served to sustain the nation of hunters, even as the young played in the cavernous hall of the matriarch’s great ribs.

But Listener was criticised, in angry head bobs, dances and gestures. This is a mistake. She was the matriarch. We should have spared her until another emerged. See how the herd is becoming scattered, ill-disciplined, its numbers falling further. For now we eat. Soon we may starve. You were blinded by your rage. We were foolish to follow you. And so on.

Listener kept her own counsel. For she knew the damage the loss of the matriarch had done to the herd, how badly it had been weakened, how much less were its chances of survival. And she knew it did not matter, not any more. For she had smelled the salt.

When the matriarch was consumed, the hunting nation moved on, following the savannah corridor to the east as they had always done, walking in the herd’s unmistakeable wake of trampled ground and crashed trees.

Until they ran out of continent. Beyond a final belt of forest - beyond a shallow sandstone cliff - an ocean lay shining. The giant diplos milled, confused, in this unfamiliar place, with its peculiar electric stink of ozone and salt.

The herd had reached the eastern coast of what would become Spain. They were facing the mighty Tethys Sea, which had forced its  way westwards between the separating continental blocs. Soon the Tethyan waters would break through all the way to the west coast, sundering a supercontinent.

Listener stood on the edge of the cliff, her forest-adapted eyes dazzled by its light, and smelled the ozone and salt she had detected so many days ago. The matriarch was dead, destroyed - but it did not matter. For, after walking across a supercontinent, the diplodocus herd had nowhere to go.

The orniths might have fared better had they had a more flexible culture. Perhaps if they had learned to farm the great sauropods - or even simply not to pressure them so hard in this time of change - they might have survived longer. But everything about them was shaped by their origins as carnivorous hunters. Even their rudimentary mythos was dominated by the hunt, by legends of a kind of ornitholestes Valhalla. They were hunters who could make tools: that was all they would ever be, until there was nothing left to hunt.

The whole of the orniths’ rise and fall was contained in a few thousand years, a thin slice of time compared to the eighty million years the dinosaur empire would yet persist. They made tools only of perishable materials - wood, vegetable fibre, leather. They never discovered metals, or learned how to shape stone. They didn’t even build fires, which might have left hearths. Their stay had been too brief; the thin strata would not preserve their inflated skulls. When they were gone the orniths would leave no trace for human archaeologists to ponder - none but the puzzle of the great sauropods’ abrupt extinction. Listener and her culture would, like the great air whale, and innumerable other fabulous beasts, vanish for ever.

With a sudden stab of loss, Listener hurled her spear into the ocean. It disappeared into the water’s glimmering mass.




 3

The Devil’s Tail

North America,
 c. 65 million years before present.




 I 

Once interplanetary impacts had been constructive, a force for good.

Earth had formed close to the brightening sun. Water and other volatiles had quickly boiled away, leaving the young world an empty theatre of rock. But the comets, falling in from the outer system, delivered substances that had coalesced in that cooler region: especially the water that would fill Earth’s oceans, and compounds of carbon, whose chain-based chemistry would lie at the heart of all life. Earth settled down to a long chemical age in which complex organic molecules were manufactured in the mindless churning of the new oceans. It was a long prelude to life. It would not have come about without the comets.

But now the time of the impacts was done, so it seemed. In the new solar system, the remaining planets and moons followed nearly circular orbits, like a vast piece of clockwork. Any objects following more disorderly paths had mostly been removed.

Mostly.

The thing that now came out of the dark, its surface of dirty slush sputtering in the sun’s heat, was like a memory of Earth’s traumatic formation.

Or a bad dream.

In human times, the Yucatan peninsula was a tongue of land that pushed north out of Mexico into the Gulf. On the peninsula’s  northern coast there was a small fishing harbour called Puerto Chicxulub (Chic-shoe-lube). It was an unprepossessing place, a limestone plain littered by sinkholes and freshwater springs, agave plantations and brush.

Sixty-five million years before that, in the moist age of the dinosaurs, this place was ocean floor. The plains of the Gulf of Mexico were flooded up to the foothills of the Sierra Madre Orientale. The shallow Yucatan peninsula itself lay under nearly a hundred metres of water. The sediments that would later form Cuba and Haiti were part of the deep sea floor, yet to be lifted by fault movements to the surface.

In an age dominated by warm shallow seas, drowned Chicxulub was an unremarkable place. But it was here that a world would end.

Chicxulub is a Mayan word, an ancient word coined by a lost people. Later, when the Mayans were gone, nobody would know for sure how it translated. Local legend said it meant ‘the Devil’s Tail’.

In its last moments the comet flew in from the southeast, passing over the Atlantic and South America.




 II 

In bright, shallow waters the huge ammonite cruised.

This sea-bottom hunter, the size of a tractor tyre, looked something like a giant snail, with an elaborately curved spiral shell from which arms and a head protruded cautiously. As it had grown it had extended its shell’s spiral structure, gradually moving from one chamber outwards to the next; now the linked, abandoned chambers were used for buoyancy and control.

The ammonite moved with surprising grace, its upright spiral cutting through the waters. And it scanned its surroundings with wide intelligent eyes.

The sunlit sea was crowded, translucent, full of rich plankton. Some of the creatures here - oysters, clams, many species of fish - would have been familiar to humans. But others would not: there were many ancient species of squid, the ammonite itself, and, dimly visible as shadows passing through the blue reaches of the deeper  ocean, giant marine reptiles swam, mosasaurs and plesiosaurs, the dolphins and whales of the age.

As the daylight gathered, more of the ammonite’s kind were rising, to hang like bells in the translucent water.

But the ammonite spotted movement on the sea bed. It descended quickly, sensory tentacles pushing out of its shell. By sight and feel it quickly determined that the scuttling, burrowing thing in the gritty sand was a crab. More arms slid out of the shell and wrapped around the crustacean, tiny hooks on each arm helping secure their grip. The crab was pulled easily away from the soft sea bed. A heavy bird-like beak protruded, and the ammonite bit through the crab’s shell, between its eyes. It injected digestive juices into the shell, and began to suck out the resulting soup.

As particles of meat diffused in the water, more ammonites came sliding in.

But the ammonite with the crab saw a shadow moving above - a shadow with a snout and fins, silently sliding, rapidly resolving. It was an elasmosaur: a marine reptile, a kind of plesiosaur with an immensely long neck. Abandoning its kill, the ammonite ducked into its shell. The opening in the shell was immediately sealed off by a heavy cap of hardened tissue.

The elasmosaur fell on the ammonite, pushed its shell over, and clamped its powerful jaws around the narrowest part of the spiral. But it could not get through. After breaking a cluster of teeth the elasmosaur dropped the shell, letting it drift back to the ocean floor. Frustration and pain seethed in its one-dimensional awareness.

The ammonite had endured violent shaking, but it was safe in its armoured home.

But one immature ammonite had not been so wary. It tried to flee, its jets pushing it this way and that.

The elasmosaur took its consolation kill well. Its teeth sliced expertly across the spiral shell at the place where the body was attached to the inner surface. Then it shook the shell hard until the ammonite, still alive, tumbled out into the water, naked for the first time in its life. The fish-lizard took its prize in a single gulp.

Now the elasmosaur spotted a cloud in the water. It plunged in without hesitating.

The cloud was a shoal of belemnites, thousands strong. The little squid had gathered for protection, and their defensive systems, of sentries and ink and shimmying deceptive movements, were usually effective even against predators as fast as this elasmosaur. But they had been caught out by this creature’s angry lunge. They darted away, venting ink furiously at the immense invader, or even leaping out of the ocean altogether and into comet-bright air. Still, hundreds of them died: each a pinpoint of awareness, each of them in its way unrepeatable and unique.

Meanwhile, cautiously, the crab-killer ammonite had opened its shell once more. A tube of muscle protruded from the opening, and a high-pressure stream of water pulsed out, jetting the ammonite up and into the blue waters. It had lost the crab. But no matter. There was always another kill to make.

So it went. It was a time of savage predation, in the sea as on land. Molluscs hunted ammonites, boring through shells, poisoning prey animals, and firing deadly darts. In response, bivalves had learned to bury themselves deep in sediment, or had evolved spines and massive shells to deter attackers. Limpets and barnacles had forsaken the deep sea, colonising shallow environments on the shore where only the most determined of hunters could reach them.

Meanwhile, the seas teemed with predatory reptiles. Carnivorous turtles and long-necked plesiosaurs fed on fishes and ammonites - as did pterosaurs, flying reptiles who had learned to dive for the riches of the ocean. And huge heavy-jawed pliosaurs preyed on the predators: some twenty-five metres long, with mouths alone some three metres long, their sole stratagem to rip and shake their prey apart, the pliosaurs were the largest carnivores in the history of the planet.

The rich Cretaceous oceans teemed, a three-dimensional ballet of hunter and hunted, of life and death. It had been so for tens of millions of years. But now a bright light was building above the glimmering surface of the ocean, as if the sun was falling from the sky.

The ammonite’s eye was drawn upwards. The ammonite was smart enough to feel something like curiosity. This was new. What could it be? Caution prevailed: novelty usually equated to danger. Once more the ammonite began to withdraw into its shell.

But this time even its mobile fortress could not protect it.

 



The comet punched through Earth’s atmosphere in fractions of a second. It blasted away the air around it, blowing it into space, leaving a tunnel of vacuum where it had passed.

The ammonite was trapped right under the comet’s fall. It was as if a great glowing lid closed across the sky. Its substance immediately vaporised, the ammonite died. So did the belemnites. So did the elasmosaur. So did the oysters and clams. So did the plankton.

The ammonites had stalked the oceans of the Earth, spawning thousands of species, for more than three hundred million years. Within a year, none of them would be left alive: none. Already, in these first fractions of a second, long biographies were being abruptly terminated.

The few dozen metres of water offered the comet nucleus no more resistance than the air. All the water flashed to steam in a hundredth of a second.

Then the comet nucleus hit the sea bed. It massed a thousand billion tonnes, a flying mountain of ice and dust. It took two seconds to collapse into the sea-bed rocks, delivering in those seconds the heat energy released by all Earth’s volcanoes and earthquakes in a thousand years.

The comet nucleus was utterly destroyed. The sea bed itself was vaporised: rock flashed to mist. A great wave pulsed outward through the bedrock. And a narrow cone of incandescent rock mist fired back along the comet’s incoming trajectory, back through the tunnel in the air dug out in the comet’s last moments. It looked like a vast searchlight beam. Around this central glowing shaft, a much broader spray of pulverised and shattered rock, amounting to hundreds of times the comet’s own mass, was blown out of the widening crater.

In the first few seconds thousands of billions of tonnes of solid, molten and vaporised rock were hurled into the sky.

 



On the coastal plain of the North American inland sea, the duckbill herds gathered around the pools of standing water. They hooted mournfully as they clustered and nudged each other. Predators, from chicken-sized raptors upwards, watched stray duckbill young with  cold calculation. In one place a crowd of ankylosaurs had gathered, their dusty armour glistening, like a Roman legion in formation.
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