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To the North Americans:
in admiration of the efforts so many are now making
to win back the natural grandeur, the biodiversity
and ecological balance of their exceptional land.
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INTRODUCTION

There are forces in the lives of people, and animals and plants too, that have made them what they are. Some are big forces—factors of climate and topography, isolation and landmass size—that exert their power for eons and in the process shape species and whole environments. Others are more transient and affect populations, communities and individuals as circumstances change rapidly around them. Ecological historians range far and wide through time and space, rounding up these disparate forces to show the evolution of a particular species or an entire region.

North America seems too big and too diverse to be easily comprehended. To visitors and even to many of its inhabitants it remains something to be marvelled at—an enigma. This history seeks to identify the forces that have shaped, and the common threads that run through, the experiences of life in the great continental drama that has been played out in North America over the last 65 million years. I hope to provide a lens through which North America’s biota—animal, plant and human—as well as the grand landscape itself, can be viewed afresh.

As I began to write I found myself asking, what is North America? The question has no easy answers, even in geographic terms, for the continent has changed markedly over time. I found that Alaska (in a pattern that reflects its recent political past) has often been connected with Asia and divided from the rest of North America. Should it, along with tentatively connected Greenland, be considered part of North America for the purposes of an ecological history? Most vexing was the question of where North America ends and Central or South America begins. Ichthyologists, botanists, linguists and political scientists would place the border at or near the Rio Grande, while geographers, geologists and some economists would have it closer to Panama. The great Charles Darwin himself divided the Americas ‘not by the Isthmus of Panama, but by the southern part of Mexico, in Latitude 20°’. Eventually I accepted the definition of North America used by geographers, bounding the continent at the Bering Strait and the Isthmus of Darien. Yet the further one travels back in time the less relevant are definitions based on contemporary geography, for North America has had a particularly turbulent and dynamic past.

North America is the middle child in the family of habitable continents. The southern realms of Australia and South America are smaller, while Eurasia and Africa are larger. Despite its ‘middleness’, it is an exceptional place, for it is home to breathtaking natural diversity, including such marvels as the globe’s tallest and oldest trees, the Californian condor and lesser known wonders such as the Mexican burrowing toad. It is also possessed of what is arguably the best fossil record of any continent, which reveals in detail how this land has changed through time and space, gradually becoming what it is today.

A Renaissance European way of thinking has saddled us with a globe divided conceptually in two—an Old and a New World. Despite the fact that neither is a biologically coherent entity, scientists have formalised the concept, designating the landmasses of the eastern hemisphere as the Old, and of the western hemisphere as the New World. But there is another sense in which North America is a new world, for time and again during its history it has been discovered by living things and has acted as their expansive frontier. From rattlesnakes to hummingbirds and bison, the frontier experience has changed them all, each time creating a new and distinctive manifestation of life.

North America was the last but one of the habitable continents to feel the footprint of humanity. Colonised by Clovis hunters around 13,200 years ago, by 1492 it had become home to an extraordinary diversity of cultures, from highly organised nation states to hunter-gatherers, including some unique forms of human social organisation. Since the eighteenth century it has been the continent of the historic frontier, of Henry Thoreau and of Henry Ford, and today it is home to the sole remaining political superpower.

It is only sensible to write ecological histories about ecologically coherent entities, and at the beginning of this project I was not convinced of the ecological coherence of North America. Its enormous complexity left me wondering whether a common set of environmental determinants could produce such dissimilar phenomena. I could not see how the sublime New England fall and Sonoran cacti could be shaped by a common evolutionary force. I worried over the fact that the US east and west are so different—redwoods and medicinally sanctioned marijuana in California, codfish and Puritanism in New England. Why, I puzzled, are native North American cultures so diverse and how, if at all, are contemporary American societies being shaped by their environment?

As a result of writing this book I now believe that life in North America has been shaped by a unique combination of forces generated by the continent’s singular geography, geological history and climate. It is these powerful forces that have produced what is distinctive about North America, and they have profoundly affected the experiences of the continent’s immigrants and emigrants.

Since the arrival of the Europeans North America has been divided into three principal political entities of Hispanic, British and French origin. Each has acted as an experiment in adaptation, finding its own frontier and shaping its fate accordingly on the new continent. While none represents a truly independent experiment, and within each enormous diversity exists, these three influences offer us the chance to examine anew the interactions between a culture and the land.

Although the citizens of the United States of America are colloquially known as Americans, the United States is not synonymous with North America; both Canadians and Mexicans offer very different examples of what being American can mean. Nevertheless, I believe that the history of the US is in some ways an exemplar—the example of examples—of a story recapitulated countless times in North America over the past 65 million years. Abraham Lincoln described his nation as having been ‘conceived in liberty’. It was a sentiment born on the frontier and spoken by the most famous frontiersman of them all. For me these three words capture the very essence of the United States of America, and I hope to show they have an ecological as well as a political dimension.

In other ways the US is an anomaly in North American ecological history. The present world economy is an invention of the Americans. US experimentation and reorganisation of the means of production would in time lead to the development of what one economist has called ‘a perpetual cornucopia machine’.1 For all the wealth it created, it’s a machine that has stripped North America of much of its natural grandeur; and there is nothing ‘perpetual’ about it. Its dreadful ecological impact left me pondering Lincoln’s Gettysburg address afresh and wondering whether ‘a nation so conceived and dedicated, can long endure’.

The great questions for me are these: what are the quintessential determinants of life in North America? Have they remained stable through time, and how strong are they in shaping flora, fauna and human societies? Has North America always been a global cornucopia, or is it only under special circumstances that some of its productions—both human and non-human—can successfully exert a global influence? And can its leading nation, the United States, ‘long endure’ in its current form?

The roots of causality in North America are profound, and to address these questions we must go far back in time, to when modern North America came into being. That continent-defining moment occurred one balmy day 65 million years ago, give or take 120,000 years, when a great fiery ball appeared in the sky and came crashing to Earth.2

What changed North America—and indeed the world at that instant—was an asteroid. The rock had been travelling through space at 90,000 kilometres an hour since time immemorial. Then the statistically improbable happened. It began approaching our planet on a collision course, but where would it hit? Ground Zero, as it happened, was to be North America. This fact, this utterly random event, would change world history.

The scene opens on a continent not conceived in liberty but riven in two, and soon to be visited by fire, flood and famine.

 


 

Act 1

66–59 MILLION YEARS AGO

•

IN WHICH AMERICA IS CREATED AND UNDONE

 

 

ONE
GROUND ZERO

The death-dealing visitor appeared in the skies 65 million years ago above a planet that had long rested in contented stability. The era it terminated—the age of dinosaurs—had dawned following a crisis in life history some 180 million years earlier. The steady unfolding of evolutionary change in this tranquil world had seen the first birds, first mammals and first flowering plants come into existence. Thus, despite the fact that it was dominated by dinosaurs, the age was the nursery of our times.

At its dawn all the world’s continents were joined into one vast landmass known as Pangaea, which was inhabited by many kinds of animals and plants. Pangaea was destined to divide into two super-continents, known as Laurasia and Gondwana, and by the end of the era these landmasses had begun to fragment, giving rise to the contemporary continents.

Continents are not born like people, for there is no day, century or even millennium that we can hail as a continental ‘birthday’. This is because continents are born of inexorable geological forces that move at glacial speed. They coalesce, break apart and re-collide, driven by great convection currents circulating in the Earth’s mantle. Most of the existing continents were formed of fragmentation: Australia, Antarctica, South America and Africa all came into existence as a result of the break-up of the supercontinent Gondwana. North America, however, was created differently—it resulted from a victory of the forces of union.

North America was born in the twilight moments of the age of dinosaurs, and at birth it was a very different place, for there was no Mississippi River, no Rocky Mountains and no Isthmus of Darien. Instead, a vast shallow seaway, dubbed by Canadian scientists the Bear-paw Sea, occupied its southern and central portions, dividing North America into separate eastern and western landmasses. The Bearpaw Sea had been in existence for at least 35 million years and had acted as a zoogeographic barrier.1 During their long separate histories the two islands destined to form North America had become as different as Australia and South America are today. Some species did, however, manage to cross the Bearpaw, possibly by using volcanic islands (which would have been important breeding grounds for species such as the giant marine reptiles, seabirds and perhaps pterodactyls) as stepping stones. As the Bearpaw Sea narrowed such crossings became more frequent, heralding the amalgamation of the two island realms into a continental whole.

The landmass that constituted the eastern island of this proto-North America had long been geologically stable and bereft of mountain-building heat and energy. The Appalachian Mountains that were its backbone began to form over 450 million years ago and had already been eroded into a flat-topped cordillera by 230 million years ago. Zoogeographers can identify various animal groups that probably first evolved on this ancient island in the Mesozoic sea, among them the largest family of salamanders in the world, the Plethodontidae or lungless salamanders.2 By the end of the age of dinosaurs the east coast of this ancient land had been eroding and subsiding into the sea for tens of millions of years.
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Throughout much of the Cretaceous period North America existed as two isolated islands, separated by the broad but shallow Bearpaw Sea.

America’s western island was, in contrast, a geologically restless land that had been joined to Asia via the Beringian land bridge for hundreds of millions of years. Its fauna and flora were largely shared with Asia. Just before the asteroid struck, the Sierra Nevada had come into existence and was a high, jagged range of recently extinct volcanoes. Rivers draining eastward from their peaks meandered across a broad coastal plain towards the Bearpaw Sea. Looking from those high peaks to the west, one would have seen the Pacific Ocean, but the western coastline was then very different. Where beaches and headlands stand today there was nothing but water, for there was no Baja California (the peninsula was still stitched to Mexico proper) and parts of what are now coastal Oregon and Washington were islands positioned far out to sea. A portion of what is now coastal California was also islands, situated well south of its present location. Furthermore, most of Mexico was submerged under a shallow sea.

Long before the asteroid struck pressures had been building deep within the Earth’s crust that would eventually thrust the Rocky Mountains high into the air, but for the present the movements caused by these pressures served only to narrow the inland seaway that divided America. By the end of the age of dinosaurs its southern section was still a shallow gulf, its mouth located near present-day Houston. In polar regions, however, the seaway changed into freshwater lakes and swamps, providing partial access across the newly unified continent.

Dramatic changes in the vegetation of North America had been occurring as the Bearpaw Sea narrowed. Earlier, great tropical conifers such as relatives of the monkey puzzle tree, which today have a primarily southern hemisphere distribution, had been dominant. At this time the pines of the boreal north, including the family to which the genus Pinus belongs, were yet to take on their modern form. Their ancestors were still growing as shrubs in ancient heath-like communities—pygmy plants revealing no signs of their greatness to come. Tens of millions of years would pass before they would come to resemble modern pines. The flowering plants likewise then lived as humble shrubs and twining plants in gaps in the canopy.

As the age of dinosaurs drew to a close many flowering plants began to grow larger and some, such as members of the magnolia family, would become the first flowering trees. Just two million years before the asteroid struck, these trees had formed a great belt of evergreen tropical forest that extended in a swath, south of 60 degrees latitude (the present latitude of Nunivak Island, Alaska), right across the continent’s middle. This forest did not entirely replace the great conifers, however, for some were now gigantic trees, towering above the canopy of broad leaved flowering plants. Growth rings are difficult to detect in the fossilised timber of these trees, which indicates an absence of seasons.

To understand the nature of that ancient forest it helps to walk the badlands along the Red Deer River in Alberta, Canada. There, amid the grey, black and tan buttes of soft eroding rock that jut out throughout the valley, the Midland Coal Company found an entire ancient forest turned to coal, which they mined until the 1950s. Even where there are no seams of coal the rocks are packed with ancient plant remains. Leaves of exotic Asian species such as the ginkgo and the dawn redwood cram the sediments, alongside the tropical forms of the araucaria and palm. In one special layer the plant remains were not turned to coal, but were instead replaced with black silica. When freed by acid from the surrounding ironstone these 65 to 70-million-year-old fossils look like the most exquisite jewels—tiny branchlets, seeds and cones preserved in the finest glassy detail. To pick up a dusty rock packed with such fossils from among the sparse badlands shrubs struggling to survive is a strong reminder of just how much the world has changed since the demise of the dinosaurs.

As the continent was thus being born a bright, star-like object appeared in the sky. This was no guiding star but a stony, malevolent extraterrestrial visitor. The death-dealing lump of rock that shone so brightly was at least ten kilometres in diameter. That’s a piece of celestial real estate two to three times the length of Australia’s Uluru (formerly Ayers Rock), the largest monolith on our planet. We can imagine it silently approaching a steadily revolving Earth; a jagged lump of stone playing a game of Russian roulette with life’s mothership. Perhaps it had missed narrowly on a billion earlier occasions, or perhaps it was on a new and deadly trajectory, pulled from its timeless round in the asteroid belt by the gravity of another passing heavenly body. Had we been perched on that lump of rock 65 million years ago, we would have watched the Earth grow ever larger as we descended upon it. It was not an equatorial aspect that we would have seen but a vision of the planet’s nether regions, for the asteroid was approaching from the south. A verdant, glacier-free Australo-Antarctica would have first flashed past. Then a rotating Earth would have displayed a narrowed Atlantic Ocean to the crosshairs of our imaginary asteroidal sights. Above that expanse of water we might have calculated the chances of a splashdown in the sea. Today water covers about 70 per cent of the globe, but 65 million years ago it was even more expansive, covering 75 per cent of the Earth’s surface.

As the asteroid came closer its path led it towards the mouth of a great gulf, the entry to the Bearpaw Sea. The equator was behind us now, the asteroid set on a course that, just slightly changed, could so easily have resulted in a near miss. But no, Ground Zero would be squarely in the mouth of that ancient American waterway. Today the site straddles the northern tip of Mexico’s Yucatan Peninsula and its surrounding, tropical seas. Near its epicentre lies the town of Chicxulub Puerto, near Progreso, from which the impact site takes its name. When it hit, the rock released the equivalent of 100 million megatons of high explosive, about one hundred times the energy needed to create a global catastrophe, bringing the Mesozoic era—the age of dinosaurs—to a close.3

The Chicxulub Crater is lost to the world today. The massive scar, around 180 kilometres in diameter, is buried under a kilometre of limestone rock, deep below a region famous for its white sand beaches and its riot of tropical growth. The fact that the scar has been smothered by limestone, a rocky product of existence itself, and that a diverse albeit somewhat dry tropical forest forms a garnish on its surface, is eloquent of the victory that life has had over this alien death-dealer. But such a thing must have seemed barely possible at the time of impact, for then life came close to being extinguished entirely, at least in North America.

The sea into which the great lump of rock splashed down was about ten metres deep. I imagine it as being rather like the tropical seas of today, with their mixture of azures and luminous greens, and teeming with fish and other marine life. Only back then there were giant reptiles rather than whales and dolphins, and ammonites (like nautiluses) but no reefs of coral like today. Instead, giant clams (some a metre long and shaped like the horns of cattle, others jammed together in enormous colonies) took their place.

Until recently no one knew exactly what kind of extraterrestrial object had collided with the Earth on that day so long ago. Some championed a comet, others a meteorite. But on 19 November 1998, in an article in the journal Nature, Professor Frank Kyte of the University of California announced that he had found what might well be a piece of the object itself. It was a fluke discovery—a fragment of corroded rock no larger than a match-head recovered from a core taken kilometres deep in sediments underlying the central Pacific Ocean. The fact that a drill piece just a few centimetres across encountered this tiny extraterrestrial visitor buried deep beneath the ocean gives one pause to reflect upon chance as well as our present mastery of this planet.4

The miniature chunk, degraded as it is, still bore the distinctive chemical signature of a carbonaceous chrondrite—a stony meteorite. Such meteorites are rare, constituting just a few per cent of all that fall to Earth but, significantly, they appear to be common in the asteroid belt. The nemesis of the dinosaurs thus appears to have been an errant asteroid, possibly a fragment from a sister planet long since reduced to rubble by some mysterious power, or a fragment left over from the beginning of the solar system that somehow escaped incorporation into a larger heavenly body. Independent studies of the chromium preserved in ancient sediments the same age as that containing the fragment have since reinforced Kyte’s findings, for researchers have discovered that they are rich in a kind of chromium similar to that found in carbonaceous chrondrites.5

This rock hit the Earth at a speed of at least twenty-five kilometres per second, the atmosphere providing little if any cushioning effect. It almost certainly disintegrated on impact, as stony meteorites are prone to do. Despite this, it opened a hole five kilometres deep in the Earth’s crust, blasting thousands of times its original mass into the atmosphere and back into space, where some earthly fragments doubtless became heavenly wanderers themselves.

The great smoking pit left by the impact must have been an incomprehensible sight. How long, I wonder, did the ocean continue to pour into it? So big was the hole that one could not have seen from one side to the other, and so deep that no cliff on Earth today could produce such vertigo. The vast quantities of pulverised rock and blasted life it shot into the atmosphere must have turned the blue planet brown.

Geologists can pinpoint the moment the impact occurred worldwide by the presence of a layer of sediment rich in iridium. Iridium is largely absent from the Earth’s crust but is abundant in asteroids and it seems that the disintegration of the carbonaceous chrondrite released enough iridium to act as a global calling card. The iridium layer also contains another indication of disaster—grains of sand known as ‘shocked quartz’. The name comes from changes in the crystal structure of quartz produced when intense shock waves pass through it. It develops striations that travel in more than one direction and can even recrystallise into new minerals as a result of the intense pressure of the shock. Alongside these ‘shocked’ sand grains are tiny glassy spheres, pieces of the Earth’s crust that have been thrown high into the atmosphere, then melted to a glassy smoothness as they fell to ground.

This was an impact so intense it could send portions of the Earth spinning into space, coat the globe with iridium and, on the micro-scale, change the structure of grains of sand. How could such awesome forces have been generated, and what were the implications for Ground Zero America? If the location of the strike was unfortunate for North America, the angle of the blow was nothing short of catastrophic. Seismic studies of the crater indicate that the asteroid made a low swipe from the southeast that—like a golfer’s chip shot—generated tens to hundreds of times more heat than a vertical strike would have done. It literally fried America, the heat generated by the impact reaching 1000 times that provided by the sun. And the result would have been particularly severe within 7000 kilometres of the impact point, an area that effectively covers the continent.6

The atmospheric shock wave must have flattened trees all over North America, creating great piles of timber. There is convincing evidence that the Earth’s atmosphere was then about 10 per cent richer in oxygen than it is today. With oxygen levels at about 23 per cent this was a flammable world—when oxygen comprises 24 per cent of the atmosphere, even damp timber will burn. Not surprisingly, evidence has been discovered of vast forest fires following the impact, and a global soot layer has been identified. It appears that much of the northern hemisphere was carbonised by the impact.7

The celestial chip shot had other unfortunate consequences, for it took a huge divot of molten rock and debris and propelled it straight up the Bearpaw seaway. Evidence of the result is found in the distinctive sediments that formed as a result of the catastrophe. These rocks differ from similar-aged deposits elsewhere on Earth in that they have two distinct layers. The lower one is a chaotic mixture of materials and may represent part of the ‘divot’ dumped unceremoniously by the shock wave. The upper layer is better sorted and has thinner layers within it, as if it were laid down by water. Such rocks have been found all along the southern margin of North America, for example on the Brazos River, Texas and near Braggs, Alabama, as well as the Caribbean and Mexico. The exact nature of the upper layer is still debated, but many researchers postulate that they resulted from titanic tsunamis that raked the land a few hours after the asteroid hit.8

Scientists think that the sea along the southern coast of North America withdrew as it poured into the crater, only to return a few hours later as an enormous tsunami, or more likely a series of them. Were the waves a kilometre high ‘the largest in the history of the world’ as some claim?9 Whatever the case, I cannot imagine them as being anything but titanic, devastating all that remained standing in interior North America.

No humans have ever experienced anything comparable to the asteroid impact, but once—just once in written history—a faint echo of the great impact was directly experienced by a small section of humanity. On 27 August 1883 the island of Krakatoa, lying in the strait between Sumatra and Java, blew apart, releasing as much energy as 10,000 Hiroshima-sized bombs. A vast cloud of pulverised rock blocked out the sun for fifty-six hours. Villagers reported that the darkness was more profound than that of the blackest night, for it was palpable, like a blanket, and it cut off not only sight, but sound as well. In the terrible silence that reigned, they did not hear the explosion that 3000 kilometres away in central Australia was mistaken for the report of distant cannon. They did not even hear the tsunami, as tall as a seven-storey building and travelling as fast as a train, which was to obliterate their world. Thirty-six thousand people met death in that dark, silent instant.10

Given the stupendous power of the many violent forces released by the impact of the asteroid it is difficult to imagine any life, except perhaps seeds and microscopic species, surviving in the more exposed parts of North America. Certainly the forests were devastated. The emergent conifers were all destroyed, never to return to the continent, and along with them went nearly 80 per cent of the flowering plant species, including, it seems, almost all of the trees. The destruction off the southern coast was similarly extreme, with even such hardy and uncomplicated creatures as shellfish suffering massive extinctions. Indeed the effect was so profound that even three million years later the fifty-eight species of mollusc then living were but a shadow of their pre-impact diversity.11

Further north, in Canada’s Alberta province, the evidence left in the rocks is less suggestive of catastrophe, as befits its location near the Arctic Circle of the day. On a cold June afternoon I went to examine the boundary as it is exposed in the badlands along Alberta’s Red Deer River. With horizontal rain blowing in my face I trudged through a field of newly sown wheat towards the edge of a precipice. The wind blew like the exhaust from a jet engine as it rose over the rim of the cliff, and I had to force myself to look down at the crumbling unstable-looking slope that dropped away into the stream below. Some years earlier a team from the Royal Tyrrell Museum in Drumheller had discovered a near-complete skeleton of a tyrannosaurus at the base of the cliff. The neck unfortunately disappeared into the rock face and just as they reached the spot where the skull should lie the situation became too perilous even for this resolute and experienced team of excavators. They decided to quit for the season and try to figure out some way to recover the all-important skull. Soon after the entire bluff collapsed, irretrievably burying the skull. The tyrannosaurus had died before Chicxulub and was entombed in a layer around seven metres below that marking the asteroid impact that I had come to see.

As I crossed the slope in search of the boundary layer the ground crumbled under my feet, sending small landslides cascading off the abrupt drop. After some minutes edging my way along I reached the site. The impact horizon was marked by a seam of whitish clay just two centimetres thick. Below it was a narrow band of coal, then the sands of the Alberta badlands that stretched to the level of the tyrannosaurus tomb, and way below that.

As my legs straddled this evidence of catastrophe I wondered at the layers below the clay. The now-vanished creatures entombed there lived in ignorance of an event that would, like an eraser, put an end to their world. What was it like to stand in what is now Canada as the dust that composed the clay layer rained down out of the sky, coating an entire landscape in ghostly, pale grey? Perhaps it was the great breakaway yawning below me, or the dismal weather, but a distinct feeling of the transience of life stole over me as I peered at that thin line that separated two very different worlds.

North America bore the brunt of the impact because it lay in the direct line of the chip shot. Elsewhere, the immediate impact effects were lessened, though the asteroid would unleash a second generation of consequences that would be global in their effects, and which would last not minutes or hours, but months.

Despite all its attendant drama, the direct effects of the asteroid collision cannot account for the massive global extinctions that finished the age of dinosaurs. For that, one must poison the atmosphere. Just how that happened and how long it lasted are issues of intense debate. Some researchers suggest that a vast amount of sulphur entered the atmosphere from the Earth’s crust under the impact site. For a few weeks or months this may have created acid rain, particularly in the northern hemisphere. A number of scientists even speculate that the rain acidified the top 100 metres of the world’s oceans.12

More likely is an idea preferred by Carl Sagan, who coined the term ‘impact winter’ to explain it. Sagan suggested that the ejecta from the impact made the atmosphere opaque, preventing energy from reaching the Earth’s surface. Just how much of the sun’s energy was lost is difficult to estimate, but a loss of one fifth for a decade seems reasonable. This would have produced ten years of freezing or near-freezing temperatures across the globe. Even if it did not become that cold, the rock ejected into the atmosphere may have created a twilight sufficiently dim to prevent photosynthesis. In effect, the whole world may have been plunged into a long polar night, thereby starving its plants.13

While the immediate effects of the Chicxulub impact on North America are widely accepted by the scientific community, there is less agreement upon the nature of these global, medium-term consequences and how they affected the dinosaurs and other creatures. Recent research in North America points to a sudden extinction of the eight families and fourteen genera of dinosaurs, including such favourites as triceratops and tyrannosaurus, at about the time of the impact, rather than the gradual decline over millions of years that many earlier researchers believed had occurred. Despite such findings, some scientists still maintain that the asteroid had nothing to do with the extinction of the dinosaurs. Nevertheless, the reality of the asteroid impact is now securely established, and I believe that its medium-term consequences best explain the global extinction of the dinosaurs and many other living things.14

The great divide in this impact-dominated world was the equator. To its north the consequences of Chicxulub were extreme and palpable, while southward ramifications appear not to have occurred, or at least were much attenuated there. The result is that species which vanished from the north survived in southern lands, for the south suffered no tsunami, no huge shock wave and, perhaps, no fires. This difference was to have ongoing repercussions for life on the various continents. Indeed it can still be discerned in their present faunas and floras, for vegetable dinosaurs still haunt southern forests.

Seymour Island, lying off the Antarctic Peninsula, collected sediment right through the time of the great catastrophe, but these sediments tell a very different story from those of North America. Before the asteroid impact the dominant tree in this Antarctic forest was a relative of Tasmania’s Huon pine (Lagarostrobos). Looking at the pollen and leaf remains of these trees in the sediments, you would never guess that an asteroid struck the planet at the time they grew. For they, along with the other dominant plants of these southern forests—relatives of the king billy, celery top and other southern pines, the bright-flowered members of the Protea family such as mountain rocket, and the stately southern beeches—sailed right through the crisis unaffected. You can still see their descendants living today, growing in communities that the dinosaurs would have recognised, in parts of Tasmania’s southwest.15

Anyone fortunate enough to travel to Tasmania will find that a great tradition of timber-working has developed among the inhabitants of that isolated isle. Breathtaking works of art, forged from a timber the colour of rich butter, across which play lustrous rays of light that seem to penetrate deep into the wood, are to be found in the workshops of many small towns. This luminous timber is Huon pine. Count the densely packed growth rings and you’ll find that the backrest of a chair took 500 years to grow broad enough to support you, and that a tabletop is the gift of 2000 years of history. Such trees cannot be planted for harvest, except perhaps for a people as distant from us as we are from King Canute or Julius Caesar, and they are now so rare, growing in just a few remote valleys, that the living trees can no longer be cut. The wood you see before you is from a tree that grew before Columbus—maybe even before the pyramids.

The furniture is there because Huon pine does not rot. A log will sit in a cold Tasmanian swamp for 10,000 years and, when you pull it out and mill it, will still exude that inexpressible odour that this one tree possesses. Yet Huon pine is even more miraculous, for it survived the Chicxulub impact while its northern relatives perished. It is thus a living vegetable dinosaur, making a last stand in the wettest part of one of the world’s most distant islands.

Other vegetable dinosaurs have survived throughout much of Australasia. The rainforests of New Zealand and New Caledonia are still overtopped by magnificent kauri and araucaria pines, trees that once shaded and possibly fed America’s dinosaurs. New Caledonia has no fewer than twelve species of Araucaria and eight of Agathis, in all about half the world’s total. All grow as emergents, below which thrive communities of broadleaved flowering plants of an ancient hue, just as they did in North America during the age of dinosaurs. It is difficult not to overstate just how much these southern forests are direct survivors of the age of reptiles.

Australia is the only place on Earth where all three genera of those magnificent emergent araucarians still grow today: the araucarias themselves, those great columnar trees with their impossibly symmetrical growth patterns, the magnificent squat kauri, their bark twisted as if covering sinews and, the most remarkable of all, Wollemia nobilis.

When Wollemia was found in 1994 the discovery was hailed as being every bit as remarkable as discovering a small living dinosaur. A highly distinctive tree growing forty metres tall, just forty individuals were found growing in a deep canyon about one hundred kilometres from Sydney—a city of four million people. They are the most elegant of trees, pencil thin with bark that looks like Coco Pops, and their male cones actually ejaculate great clouds of pollen into the still canyon air. I was in New Orleans when the discovery was announced. ‘Jurassic Bark!’ the Picayune Tribune proclaimed on page one. I opened the paper expecting to read of a discovery in distant central Asia or Africa, only to find that it had been made an hour’s drive from my house in Sydney!

Even if the southern hemisphere evaded tsunamis, fires and other abrupt and fatal catastrophes, something malevolent clearly did happen there. A few species of flowering plants vanished, and of course all the dinosaurs were plucked from the forest, their likes never to be seen again. The dinosaurs, though, were not the only creatures to suffer, for some researchers have suggested that the asteroid left the land bereft of every living creature weighing more than 25 kilograms at sexual maturity and certainly the majority of survivors were far smaller—rat- or lizard-sized.

By sweeping away almost all of the larger organisms the asteroid had reset the evolutionary clock, allowing a few humble if not meek survivors to inherit the Earth. The mammals, which had evolved at the same time as the dinosaurs, had until now played the underdog, for despite more than 100 million years of evolutionary change they had been unable to evolve into creatures larger than a domestic cat. Now all that would change, for the age of mammals—the Cenozoic era—was at hand.


TWO
THE REORDERING OF
NORTH AMERICA

Both before and after the asteroid impact, capacious basins were accumulating sediments in what are now the states of New Mexico and Colorado. For decades the coal-rich sediments have attracted miners, who obligingly have stripped bare successive layers of rock, laying open the book of life. The extraordinary tale of destruction and redemption written in carbon and preserved on pages of stone has amazed the palaeontologists who have read it.

In the sediments below the iridium layer fossilised leaves, fruit, trunks and pollen of an ancient forest are preserved. Palms, relatives of the nutmeg and the plane tree, the alarmingly symmetrical Norfolk Island pine, and massive cedars related to the alerce (Fitzroya), Chile’s famed national tree, can be found, along with many other species. The fossils bespeak a riot of diverse growth. But a very different story is revealed in the metre of sediment immediately above the impact zone. Gone are the trees. Gone is the forest. Instead there is nothing but apparently lifeless clay, eroded from slopes that had been stripped of their stabilising plant cover. I find it difficult to imagine North America as a vast field of churned rock and clay. From north to south—all brown, little moving. It is an alien and perhaps unimaginable concept. Yet here we find testimony of it.

If you look at the clay through a high-powered microscope you see that the devastation was not quite complete. Minute signs of vitality come into view; tiny fern spores are reminders of the gentle yet irresistible force of procreation, and of the indomitable nature of life.

It took centuries before the brown of North America once again turned to green. The species that won back the continent was not one of the advanced flowering plants nor even a pine but, as our microscopic examinations indicate, a humble and ancient fern. Its spores reveal that it was an adventurous, colonising relative of the Malaysian climbing fern (Stenochlaena), a beautiful plant that today is restricted to the Old World tropics and the greenhouses of avid gardeners who grow it for its graceful form. This solitary pioneer would slowly win back the blasted ground, its graceful fronds shading the surface, its stolons binding the soil. The story of its conquest is told in the first few centimetres above the impact layer. There, somewhere between 70 and 100 per cent of all fern spores, which constitute virtually all the evidence of life in the rocks, belong to this one survivor of the diverse, pre-impact vegetable world.1

A similar drama of devastation and recovery was played out, albeit on a much smaller scale, after the 1883 eruption of Krakatoa. Among the first living things to return to the sterilised pile of rock were eleven species of ferns, including our hero of the asteroid impact recovery, the Malaysian climbing fern. This fern dominated away from the coast, and by the early 1930s had grown so dense that scientific parties investigating the island could make little headway through the thickets and often got lost.2

Higher in the first metre of sediment preserved in the New Mexican coal mines the diversity of fern spores increases, indicating that other ferns had joined Stenochlaena in colonising the land. A lucky palaeontologist might come upon a fragment of a leaf, indicating that some herbs and palms had also survived the catastrophe, perhaps in the lee of a mountain range or in the far north. Their absence from lower levels suggests that it took these survivors thousands of years to migrate over the devastated landscape to New Mexico and that they represent species very different from anything that lived on the site before.

Evidence suggests that massive plant extinctions occurred as far north as what is now North Dakota, where 80 per cent of all species vanished.3 Such extinctions might have occurred even within the Arctic Circle in North America, but with one exception evidence of such destruction is absent on other continents. The exception comes from Hokkaido, the northernmost island of Japan, where an examination of post-impact sediments reveals, as in North America, nothing but fern spores. East Asia, too, it seems, was in a direct line to receive the worst of the impact and, even then, this region via Beringia was North America’s principal conduit to the rest of the world. This devastation must have slowed any immigration into the continent, if it were at all possible at that time.

In the sediments in the next metre above the impact zone in New Mexico you no longer need a microscope to find evidence of life, for fragments of leaves are more common. But these are special leaves and they speak to a botanist of an endless story of succession. After any disturbance there are certain plants that will be first to set root in the bared soil, and they in turn are followed by other species in what is known as a plant succession. The first to arrive are called pioneer plants, and these Daniel Boones of the vegetable world have typical and readily recognised growth habits.

The fossil leaf fragments from New Mexico inform us that relatives of the beefsteak plant (Acalypha) and poinsettia (Euphorbia) were among the first pioneers. These ancient plants, however, did not bear much resemblance to their living relatives for they had long narrow leaves, rather like those of a willow. These leaves are characteristic of plants growing along watercourses and their shape offers minimal resistance to flowing water. As a result, the leaves tend not to be pulled off during floods and the force of water fails to uproot the plant. Such leaves evolved with the disturbance that torrents create, and the plants that bear them live in locations such as floodplains and are especially adapted to colonising newly bared ground.

What is extraordinary about the ancient leaf fossils of New Mexico’s coal mines is that they are not preserved in the distinctive sediments laid down on floodplains or beside streams, but in coal-beds. Coal forms in swamps and, in a normal world, streamside vegetation has no business growing in such quiet backwaters. This anomaly tells us a remarkable thing: the streamside species had escaped their normal habitat restrictions and had colonised an entire continent. They were not that well suited to growing in swamps or other still areas, but in the absence of competition could exist there. The key to their successful spread was their ability to survive disturbance and to colonise naked earth—a quality developed during millions of years of natural selection on countless newly stripped watercourses and floodplains. How long these streamside pioneers dominated the New World is unknown, but to judge from the various soil horizons that formed and were then buried (a process which takes thousands of years, for soil forms but slowly), their reign lasted many, many millennia.

In the sediments extending from this zone to 200 metres above the impact layer we see a world slowly beginning to conform again to the eternal rules of ecology that keep things in their place, and which bring order and meaning to our lives. The narrow-leafed plants once again become associated with streamside sediments, indicating that they have been put back in their place by competitors. The plants that form the coal once again have leaf shapes characteristic of species that grow in undisturbed forests and swamps.

None of these plants, however, have close relatives in the pre-impact rocks. Almost all have come from somewhere else to take their place in this reassembled world—but from where? The origin of many of these plants becomes clear when we examine the rocks lying between 270 and 420 metres above the impact layer. There we find relatives of the magnolia (Magnoliaceae—ancient flowering plants), and basswood (Tiliaceae), along with the Chinese water pine (Glyptostrobus, a relative of the sequoia). What is remarkable about all of these trees is that they were, as their living relatives largely still are, deciduous. Here is an astonishing anomaly—a tropical continent dominated by deciduous trees, which even grew along its southern coast in what is now New Mexico! This second breach of the rules of ecology provides a vital clue to where the post-catastrophe colonists came from. Such trees grew in only one area before the asteroid impact—around the North Pole.

To understand how this bizarre circumstance arose we must imagine North America divided into a great series of ellipses with Chicxulub as the point of origin. The nearer the impact point, the more likely the devastation was to be total. Seen this way, just three locations were sufficiently remote or sheltered to act as a refuge to plants—in the lee of the mountain ranges of the Sierra Nevada and Appalachians, and far to the north, inside the Arctic Circle. We can only speculate about what might have survived in the lee of the mountains, but much more is known about survival at the poles. It should also be noted that 80 million years ago North America was located 10 degrees further north than it is today. In one northern hemisphere group after another, whether in the depths of the Arctic Ocean (as plankton, snails or clams), or in the forests on the northern lands, the Arctic Circle was the only sure sanctuary from the devastation of Chicxulub.4
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Ground zero America: ellipses radiating from Chicxulub show the asteroid’s zone of greatest destruction 65 million years ago.

During the age of the dinosaurs a distinctive and peculiar kind of forest grew in that part of North America close to the pole. As elsewhere on the continent this flora was a combination of conifers and smaller flowering plant species, but the dominant conifer in this forest—which extended from the Colville River, Alaska (then located at 85 degrees north) to southern Alberta—was a deciduous species closely related to the dawn redwood (Metasequoia). These forests could survive in the far north because, during the age of dinosaurs and for millions of years thereafter, the Earth was in full ‘greenhouse’ mode. There was no ice at the poles, and even though these regions experienced up to six months of darkness per year the climate there was relatively mild. At what was about 85 degrees north, on the north slope of Alaska, the mean annual air temperature was 2 to 8 degrees Celsius, comparable to temperatures in the Pacific Northwest today.5

Imagine a tree growing in such circumstances. Throughout the summer the sun would slowly circle overhead, and it would disappear below the horizon during the long polar night. Where would the tree direct its leaves to collect the precious energy of the sun’s rays? Sunlight critical for its growth would be coming from the sides as well as from above. The optimal shape for the tree to collect this polar light would be a cone, standing alone, with no neighbours within shadow range to steal the precious lateral light. The dawn redwood grows in a rather conical shape even today. It is unclear how its ancestors might have excluded competitors from shading their light-collecting cone. Perhaps they did so underground, the subterranean halo of their roots forming a cordon sanitaire around them. Whatever the case it seems that all plants in this unusual forest—even the conifers—were deciduous, yet few species bore the deeply lobed leaves so typical of deciduous forests today. Instead, leaves were often large and spear-or oval-shaped. Evidence of vines is all but absent, and it appears likely that any undergrowth was sparse. Despite being so maladapted to life at lower latitudes, this swath of deciduous trees was to contribute disproportionately to the recovery of North America’s vegetation and to remain important in the continent’s forests for ten million years after the catastrophe that devastated the evergreens.6

Some other survivors probably did not come from the polar refuge, among them possibly the ancestors of North America’s few endemic plant families. Today the continent boasts just four families found nowhere else: the Crossosomataceae, which are a small group of shrubs found growing on difficult soils derived from oceanic crust, the geranium-like Limnanthaceae, the lonely Simmondsiaceae (represented by a single species) and the boisterous Garryaceae, a small group best known by the boojum tree of Dr Seuss fame. All of these ancient families are restricted to, or have distributions centred on, the southwest of the continent. They were presumably in existence long before the Chicxulub impact, and perhaps found refuge from flood, fire and asteroid in the lee of the Sierras.

Other species may also have survived in similar places, for even during the age of the dinosaurs small deciduous plants grew along the banks of streams and on disturbed ground at low latitudes. It was in these habitats that the flowering plants first evolved as small flimsy things (we would think of them as bushes) growing where, in earlier ages, only ferns had survived. The need to shed leaves at the poles is obvious—leaves are nothing but targets for herbivores during the long polar night. But for plants growing by streams at low latitudes the need to shed leaves is less apparent. We must remember that these were small plants, not trees. As the soil dried out during summer they had to conserve moisture. Dropping their leaves and going to sleep seems like a sensible adaptation in such circumstances. If such species were growing in the lee of America’s mountains they may well have survived the catastrophe and gone on to recolonise the barren earth.

During times of stress, deciduous plants have one decided advantage over their evergreen neighbours: they can ‘shut down’, even when winter is not on its way. This very convenient response can be seen today when caterpillar plagues denude an oak in full flush. Despite the loss of its new leaves the tree can resprout after the caterpillars have gone. This ability to switch off during adverse times would have given the deciduous trees a valuable advantage if the asteroid had struck in the fall—the trees would have already withdrawn their nutrients from their leaves and begun preparations for their winter sleep. Under such circumstances we can imagine them as pre-adapted to surviving a nuclear winter of six months duration or less. If, however, the asteroid struck in spring the trees might have been caught in full flush. Six months of nuclear winter would then have deprived them of a whole summer, leading to eighteen months without nutrition. Despite their adaptations, surely this would have killed them as efficiently as it killed their evergreen neighbours?

Most of the plants of the ancient North American forests are now extinct on that continent, driven from it by violent swings of climate over the last 65 million years, although several species found a last refuge in Asia. The deciduous katsura tree (Cercidiphyllum) of the Far East, the charming Trochodendron of Japan and Taiwan, the ancient ginkgo (which survived in North America until five million years ago), and even the dawn redwood (Metasequoia) fall into this category. In fact, because of the dawn redwood’s dominance within the Arctic Circle, it is as important to the history of the northern forests as the Huon pine is to the Antipodes.

The dawn redwood grew in North America from the age of the dinosaurs until about eight million years ago, when it made a last stand in the swamps of what is now eastern Washington state. Although well known as fossils, they were believed to be extinct until a small population—just 1200 trees—was located in a steep isolated valley in Hubei Province, south-central China, in 1941. They were discovered as a result of one of the most vicious wars ever fought—the Sino-Japanese conflict of 1937–45. A series of disastrous defeats forced the Chinese government to retreat into the mountain fastnesses in its west. There it began to assess its resources. Among the inventories carried out was one of timber, during which a sharp-eyed botanist noted the unusual trees. Ironically, in the same year that the trees were discovered on the Chinese side of the lines, on the other side of the battle front a Japanese palaeontologist was naming some new fossil plants from Japan. He called the strange, deciduous conifer leaf fossils Metasequoia, giving the tree its own distinctive scientific (generic) name for the first time.7

In 1946, pioneering collaborative work between Dr Elmer Merrill of Boston’s Arnold Arboretum and the Chinese government brought the first living dawn redwoods out of China. The trees must have appreciated being returned to their ancient homeland because by 1952 some planted in Portland, Oregon, had developed cones—the first to be seen in North America for eight million years.8

To return to the issue of how North America was reordered, we need to address the question of whether only indigenous species contributed to the recovery, or if North America was open to immigration from elsewhere. This is a difficult question to answer, but some general inferences can be made.

North America has not remained entirely immobile over the past 65 million years, for it has drifted south and rotated somewhat westward. Sixty-five million years ago the North Pole lay squarely over northern Beringia, the now-submerged isthmus that links Asia with North America. Even in a greenhouse world this would have made immigration from Asia difficult, for few species would have been able to survive in those strange polar forests. Compounded by the devastation the asteroid wrought in north-east Asia, any chance of successful migration from Asia, at least soon after the impact, seems slight.

Europe at that time was an island archipelago. The English area of this ancient island realm possessed a broad connection with North America via Greenland and the Faroes, while Scandinavia was connected via Greenland. Both bridges, however, lay over the Arctic, so they were of limited use to life, even given the rather warm global climates of the time.

While considering continental drift, it is worth placing North America relative to South America during the period when life on the continent was slowly beginning to reorder itself. This is important, for proximity affects the likelihood of dispersal across the sea. South America had been drifting towards North America for 20 million years before the asteroid hit. Indeed, it probably made land contact just before Ground Zero. After this brief continental kiss South America began to waltz—at about eight millimetres per year—to the south-west, out into the Pacific. Whatever connection had earlier existed between the two continents was now lost. North America faced only sea to the south, and so it would remain for 63 million years.9

The apparent isolation of North America in the few million years after the asteroid impact stands in stark contrast to what had gone before. While scientists are still uncertain about what connections existed between the continents late in the age of dinosaurs, there is ample evidence from flora and fauna to indicate that they must have been substantial. The flowering plants—which rose to dominance in the last few million years before the event at Chicxulub—rapidly achieved a worldwide distribution, as did many kinds of dinosaur, as well as advanced mammals such as placentals and marsupials. The global distribution of these organisms is a persuasive argument that contact between the continents was extensive.

Throughout this time North America continued to remodel itself geologically. Prior to the great catastrophe, America’s west had gone into paroxysms as forces deep within the Earth’s crust began pushing vast masses of basement rock skyward in a dramatic episode of mountain-building known as the Laramide Orogeny. The Bearpaw Sea that had divided the continent drained away as uplift raised the land’s surface until it had shrunk to a brackish expanse known as the Cannonball Sea, so-called because of the strange, rounded concretions that formed in its sediments. Sixty million years ago, when the Cannonball retreated for the last time from Montana and North Dakota, North America, east and west, was finally united across a broad front by this awesome orogenic process.

While ructions were afoot in the west, the eastern side of North America experienced sedate continuity. With the exception of ice age changes in the north, the ancient Appalachians would have taken on the basic shape they possess today. The eastern coastline continued to sink into the sea at an almost imperceptible rate, accumulating sediments that in eons to come would help scientists to track the rise and fall of sea levels worldwide. This slow sinking has also given us the swampy coastline that extends from Florida to southern New England. The Sea Islands of the south-east coast and the magnificent barrier islands of Cape Hatteras in North Carolina would all have been impossible on a more active continental margin. The coast to the north would have been much the same had it not been for the ice age, which depressed and gouged it, only to see it rise when the ice melted, giving the rocky indented coast typical of Maine today.

This then is the geographic field in which the drama of returning life unfolded. North America’s only connections to other land after the asteroid impact were polar portals providing limited potential contacts with Europe and Asia. Consequently, for the first few million years after Chicxulub, plant evolution on the continent seems to have continued on a uniquely North American path, with few immigrations and emigrations.

North America’s recovery from the impact was to remain slow. It would take millions of years for the few surviving plant species to diversify. Even by 60 million years ago, five million years after the catastrophe, plant diversity had increased only a little—forty to fifty species were present in areas such as New Mexico, a pathetic total compared with the seventy-five or more that grew there before the impact, and it would be ten million years before the deciduous species gave way to the evergreens.10

Trees evolve far more slowly than other organisms such as mammals. One need only consider the rat-like creatures living 65 million years ago that were to morph through time and space into elephants and whales, yet many of the trees growing during the last part of the age of dinosaurs would not look out of place in the modern world. The bogs and lakes of the time preserved leaves easily mistaken for the contemporary plane, beech and redwood. Indeed, some of these tree lineages have hardly changed through 65 million years of Earth history.

The asteroid impact dictated which trees henceforth would grow in America, and
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