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About the Author

Valerie Teal was born in Leeds in 1949; she is a painter, sculptor, and writer. From the gardens and woodlands of 1950s suburban Britain to the wilds of Southwest Pembrokeshire, she has watched the biodiversity of Britain collapse. She has seen breathtaking developments in science and technology, including in December 1968 when the moon landing revealed the first image of Earth from the Moon, in 1989 the arrival of the World Wide Web and today with the birth of AI.

The Britain of the 1960s was an optimistic place of employment, housing, and opportunity. For Valerie Teal, her first jobs included The Yorkshire Post and The Sunday Times. However, cities were not her natural environment. She has lived in Pembrokeshire in Southwest Wales for the last 50 years, raising her family, training riders and their horses, and as an artist, professional forager, and environmentalist. She stood for the Green Party in the 2016 Welsh Government elections.

The mid-20s of the 21st century feel like the tipping point for many world events; there are going to be innumerable casualties of human activity, both of our own species and the rest of the natural world. Huge changes are coming; scientific innovations may yet save us and our fellow travellers. There will be survivors, as there have always been, and as science reveals, life will go on with or without us.
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Chapter 1 Fire
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Congratulations! You are alive. You made it, you have survived five mass extinctions, fire, flood ice and drought and at least 3.5 billion years. You have crept along the golden thread of evolution all the way to now. This is your story.

Everything that exists today and all that came before, sprang into existence in an explosion of energy, over thirteen billion years ago. A mere 700 m years after the infant Earth had started to cool, life was already stitching itself together. It has continued to exist on this medium sized planet ever since.

Now that we can look out further and further into space and further and further back in time, we can see that the light of that first explosion still races towards us. It illuminates the story of the creation of our solar system and the life that has appeared on one of our sun’s planets.

In the chaos of ignition, a tiny atom of helium, combined with an atom of hydrogen and they stuck, and as exploding spacetime started pushing everything apart, gravity started sticking everything together, and once gravity gets going its strength just grows.

Two hundred million years from the beginning – as far as we know – gravity had collected atoms into gas, pulled the gas into webs, strings and clouds, growing ever denser. Wherever gravity acts it draws things together.

As the clouds of gas thickened, the atoms began to clump together ever tighter, ever hotter until crushed unbearably tightly they ignited– the gas clouds became the birthplace of the very first stars blazing out across the universe. Those first young stars lived fast and died young, just one million years later, they had burned up all the energy the tightly packed atoms could deliver in their gravity powered furnaces and exploded in one last great flaming to become the first of the Super Novas.

The flash of their last light will continue to spread and disperse across the universe, until all memory of them has gone, lost in the vast oceans of spacetime.

In their cores they had forged the elements for the next stars, our stars, full of all the exotic metals essential for life to begin one day, billions of years later in the far distant future.

Our sun’s parents died young, but our sun has a long life ahead of it, in the lifetime of a star, it is only halfway through.

All the elements of Earth are forged from the same elements as the sun, formed in the babyhood of the solar system. We are on a middle aged planet, orbiting a middle-aged sun, in a universe that has only just been born. Everything is a collection of atoms of stardust, moving energy around, and we are as old as the universe.

The first lines of the genetic code were written during the Hadean, on a hellish still partly molten planet. The first strings of proteins grew long enough to be able to self replicate, forming a ring of molecules with the first commandment of transcription – copy me, passing the message on into the very first single celled organis m able to call itself life.

There are countless star grandchildren of the big bang, there are about 250 billion middle aged stars in our galaxy alone and there are about 2 trillion galaxies we can see. These galaxies form communities, rotating on a scale beyond imagination.

Beyond them, too far away for their light to ever reach us, hidden by the curtain of spacetime – there will be trillions more. As they become more distant in the expanding universe, their light is forever on its way, never to arrive.

Countless stars have orbiting planets like ours, and many of those are in that ‘Goldilocks Zone’ beside its sun, not too hot, not too cold but right for life. Some will have atmospheres like our Earth, many have water – life’s essential component, still too far away to see, but we search and we hope.

All the universe, despite its power, extent and scale is subject to one simple law, and that is the law of entropy, the gradual breaking down and mixing up of everything back into an infinite mosaic of evenly spread atoms. Back to where we began, that is – except for life. As entropy is forever breaking down everything to the tiniest atoms, life gets hold of the atoms and starts establishing order. A kaleidoscope of cells that copy themselves, forming endless patterns that repeat themselves through every living organism. Life takes everything broken down from the past and tries to rebuild it better.

Life is very particular and to be intelligent life like ours, really, really fussy and really, really lucky. It took 4.5 billion years for enough molten rock to get stuck together by gravity to call itself a planet. Dust clinging together to form stones, stones colliding to form rocks, rocks to form boulders, boulders to form asteroids, asteroids to form planets.

In that violent beginning of our solar system, in the storm of material swirling around the sun many of the young planets collided, shattered and reformed.

The infant planet Earth, barely created, careered into a near neighbour destroying it, the impact tore away a huge piece of Earth; blasting it into space in a halo of debris. Gathered up by gravity, the shattered fragments clumped together and moulded into the Moon.

Reeling from the impact, Earth spun away, tilted sideways and dragging her daughter the moon with it. Spinning wildly the sun will have torn across the sky in four short hours. The moon, still close by, would have been huge in Earth’s first sky. But she would have started her drift away from her Mother Earth, to start her own long journey into space.

The gravity of Earth’s child, the moon, slows the spin of Earth and now 4.5 billion years later, with the moon so much smaller in the sky, Earth has slowed to a twenty-four-hour day.

As soon as gravity had put Earth together, life appeared on its volcanic, erupting surface. For about 4.5 billion years it has been growing ever more complex until our species arrived with its mega brain and agile hands.

With our super abilities we can not only see all the life and the world about us, but we have built machines that can see the stars. When we peer into the universe that surrounds us, we can see stars and their planets that burned away millions of years ago.

The light reaches our eyes from stars now cold and dark. When we look at the stars – we look back in time.

And we are beginning to grasp the vastness of space as we measure the time that light has travelled before it reaches our eyes. Nothing we have ever found can travel faster than light. These tiny packets of energy can travel at 186 thousand miles per second, yet it takes more than seven long minutes for that light to reach us from the sun.

Our nearest star system, a sun with planets like ours, is so far away, we describe the distance, by measuring how far light goes when it has been travelling for a year. A light year.

Alpha Centauri, our nearest neighbour in the Milky Way, with a star system like ours, with orbiting planets with little moons, circling a sun, next to us in our home galaxy – ‘The Milky Way’ is four and half light years away, twenty-five trillion miles. Space is just staggeringly big.

Stand outside on a cold winters night and look at Orion striding across the southern sky, with one of the brightest stars, Sirius – the ‘Dog Star,’ trotting at his heel. That light has been travelling for eight and a half years by the time you see it.

A starry night is a history of time with light travelling in all directions across all the universe we will ever see.

On our planet we bathe in the light of our warm sun and that light and warmth powers life on Earth, and life is tough stuff once it begins.

It exists in the deepest rocks, the saltiest waters, lakes of acid, the frozen poles and the driest of deserts.

If planet Earth can provide a habitat, however inhospitable, life will be there. Our life form – the super apes, Homo Sapiens – the intelligent ape – has the ability like millions of organisms before it, to change its environment, to make things better for itself – or worse. Over billions of years life has had countless accidents of its own making.

For the perfect conditions for a planet to grow a coat of life like ours, it must be a planet of the right size, with a liquid core of molten rock whirling inside it; it must stay warm enough, long enough, for life to start. It must keep hold of its atmosphere and hang on to that, long enough for life to keep going. It must be the right distance from its sun, neither cooked nor frozen, and for life, our kind of life, there must be liquid water.

Our life form has carried its water to the moon and now has its eye on Mars.

Life on planet Earth is mostly water, and water covers most of the planet.

Life has taken water, and the chemicals contained in the Earth’s crust and created a vast variety of forms that have swum in the oceans, crawled onto the land, and have walked and flown all over the Earth for billions of years. So far, life has survived everything that the Earth can throw at it.

It has survived climate changes so extreme that the whole Earth became a giant snowball floating in space, with life creeping on below the ice. Greenhouse Earths so hot that all the ice on Earth had melted and all the world was sea. Despite everything life has always evolved, adapted, and marched on.

We live on a wild planet, boiling magma under the Earth’s thin crust breaks through all over the place in volcanoes and boiling underwater lakes that erupt steam high into the sky. The Earth’s skin is cracked and broken in thousands of places to form the scales of the continents, the tectonic plates that slide eternally, over and under each other.

As the land masses slide back towards the Earth’s core, they buckle up into towering mountain ranges, and break apart in earthquakes, and so the continents inch back towards the centre of the Earth, as slowly as your growing fingernails and all memory of life is carried back towards the core.

Resilience and the ability to adapt are the hallmarks of life. Everything that changes on the surface of the Earth changes the life upon it and when the changes are too great, species disappear until newly adapted creatures, always hungry for space, move in. The resilient and adaptable survive.

The sun is a brutal parent to Earth, the Earth faces a constant hurricane of radiation from the sun, not just the vital sunlight, but a burning solar wind that could fry and sterilise the life beneath it; but deep beneath the fractured crust there is a swirling ocean of melted rock, spun by Earth’s rotation into a giant dynamo that throws an electro-magnetic cloak around the planet, bouncing the sun’s lethal radiation back into space.

Sometimes on a still, clear and cloudless night, you can look towards one of the freezing poles, locked in the months of darkness of polar winter, and see the Northern and Southern Lights in hanging curtains of rainbows. The light from destructive radiation bouncing harmlessly off Earth’s invisible electro-magnetic force field – in the sky.

The life bearing oceans, pulled by Earth’s daughter the moon’s gravitational force are dragged backwards and forwards and are stirred to their floors.

The nutrients essential for life are mixed and carried through the food chain. The moon’s gravity neatly pins the Earth in space, holding it steady as the Earth orbits the sun.

Our planet has developed life in the habitable epoch – our part of our existence in time in the expanding universe. We already know that we share this moment with uncountable planets, orbiting uncountable suns in uncountable galaxies like ours – The Milky Way.

We know this because we have seen through the most powerful telescopes, those tiny shadows of distant planets as they orbit across the faces of their distant suns.

When we look into the night sky in those magical places where all the stars are visible, we can see above us the denser foam of stars that is one of the spiral arms of our home galaxy The Milky Way. We wheel through space along with 400bn stars and their 8 trillion planets.

Our galaxy rotates with infinite slowness. Everything circling around and gradually spiralling in towards the galactic black hole, one in every galaxy and what gravity does there – is unknown.

The galaxies make their slow way through spacetime, forming ribbons and webs. Around 8 billion years ago, Sagittarius, a neighbouring galaxy, first brushed past the Milky Way.

Sagittarius is an old galaxy, its spiral arms have closed back around it, to form a ball of stars. As it passed its enormous gravity teased out the spiral arms of the Milky Way, igniting the gases into a new creation of stars, one of which could be our own sun.

Time goes very slowly for the galaxies of the universe, they rotate and march their stately way through space, forming clusters and islands as they dissolve towards the black holes at their hearts.

The gravitational hand of a black hole grasps time and slows it, and all the history of our universe curls around and around until gravity finally, winds it all in.




Chapter 2 Water
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After the planets formed from the ‘left over’ ingredients of the sun, it took millions and millions more years for them to settle into their orbits. They ricocheted around, bouncing off each other, breaking pieces off that recombined with the other planets, or floated off into space as dust, ice, and asteroids. Way beyond the sun, past Neptune, in the cold expanse of space there is a dusty ring of cloud, a builder’s yard of planet building material; iron, ice, carbon, oxygen, silicon and all the metal rich relics from the deaths of the first stars.

Between Mars and Jupiter lies the asteroid belt, from little planetoids like Ceres down to dust. Further out still, beyond Neptune lies the Kuiper belt, and is the home of Pluto, where many of the planetoids are big enough to hold onto their own tiny moons. The Kuiper and Asteroid belts are stirred and mixed by the gravity of the planets and the sun, drawing in a constant rain of dust, ice, comets, and asteroids onto the circling planets. Way beyond the dusty remains of the solar system’s creation is the oort cloud, enclosing the sun and its planets in a haze of ice and dust.

Ice is water, a simple combination of hydrogen and oxygen atoms, scattered throughout the entire universe. So far, we have found water wherever we have looked in the Solar System. The whole solar system is soaking wet. We find water everywhere we look, it is on our moon, frozen in those shadows of the great craters, and lingering in its skim of dust.

We have found it on poor little Mars, almost completely dry now, too small to keep a grip on its atmosphere, what remains of the history of its water is a mist of ice at the poles or has sunk down into the crust.

Our planet is large enough to hang on to its wisp of atmosphere and cling to the waters of its oceans. Ours is the water planet, perfectly positioned in the ‘Goldilocks Zone’ not too hot and not too cold.

Nearly all Earth’s surface is covered in a layer of water. The correct name of Earth should be Water.

When we search the planets of our solar system for signs of life or read the chemical signatures of the planets in our neighbouring solar systems, what we look for is water.

All our life on Earth came from water, water dissolves stone, breaks rocks as ice and evaporates into clouds to fall again as rain. Water is a solvent, a lubricant, and a chisel, melting and mixing the elements of the land and ocean beds, dissolving and combining the chemicals of the universe as food for life.

Despite the bountiful layer of water covering Earth, water is life’s most treasured possession. It is essential to all living things and life makes use of it wherever it can be found.

The Atacama desert is the driest place on Earth, some areas are so dry they are sterile, not even bacteria can survive. On its borders specially adapted plants survive the brutal desiccation inflicted upon them, hanging on to existence where it might not rain for three whole years.

When it does, plants with thick waterproof skins, with leaves shaped like gutters, direct the priceless water straight down to the roots. Some are covered in spines that not only protect their water filled insides but can catch the tiniest water molecules from the air.

The animals that roam the surface of these extreme deserts have adaptations too, long legs that lift them high above the broiling sand, great speed so as not to touch the ground for long, the lightest of footfalls. Desert lizards have thick cactus-like skin, ridged into gutters to guide any condensing drop of moisture in the air, down towards their mouths.

Even frogs and toads can survive a desert-comatose in the damp remains of ponds and lakes and the empty riverbeds, they lie, in the long sleep of hibernation and dehydration, and wait for rain. Countless insects wait as eggs.

When the rain arrives, the plants that have slept under the spell of the dry, wake up and burst into flower. Birds and bats, the far flyers, smelling the nectar fly into the feast, feeding and pollinating; an entire ecosystem can be present and ready in a week.

Today somewhere on planet Earth the expected rains will not have come. three years will have become four, and those plants and animals that could wait no longer will die, but never all and never everything. A few plants and creatures that could hold their reserves just a tiny bit longer survive until, one day the rescue clouds of rain arrive.

Then they will flower, and breed, and the message of how to survive those extra parched days, will be passed on by evolution to their more adapted offspring. And later it will be their seeds that will be blowing in the wind.

In the remaining rain forests of Earth, the trees pull water from the ground as living water pumps, and from the surface of their myriad leaves, like giant upended umbrellas, water vapour floats up into the clouds to fall again as rain.

The rainforests are the greatest kingdoms of the trees. Perfectly balanced between rainfall, sunlight and heat, the trees can grow to tremendous size as they reach up to the sunlight. The water drawn up from their roots, circulating nutrients from the earth beneath, evaporates back into the sky, until the saturated air releases the water again as rain.

On the shadow line between summer and winter on our canted and revolving planet, the trees have had to adapt. Their delicate leaves cannot survive the storms of winter or draw up water when it’s locked in the land as ice. So, as the sun dips away and the cold approaches, the trees first draw the green chlorophyll back inside, and the redundant leaves remain gold and brown. The water supply is pinched out and the unwanted leaves shrivel, dry, and snap off. The trees stand bare and dormant as the days shorten, the Earth cools and the water freezes. Then spring returns, the sap moves again in the great cathedrals of the forests and the leaves emerge once again into warm spring sunshine.

Those vast forest factories of plant life, are not only creating food from water, sunlight and carbon dioxide but are pouring their waste product into the atmosphere, water vapour and oxygen – the burning gas.

It is that waste from the trees, the poisonous oxygen, which powers all animal life on Earth, including us.

All animals including humans recycle water. A human recycles about three litres of water a day, losing it in sweat and wastes and breathing.

It is the vehicle for every process in our bodies, it fills, lubricates, and washes our eyes, it dissolves and carries our food through our bodies to every organ. Every organ is a mass of specialised cells, all working together and they are all full of water.

But despite the storms, droughts, and extinctions, there are always systems so beautifully adapted to the cruel whims of planet Earth, that they have lived unchanged for billions of years, these are the immortals, the simplest, most numerous and most enduring forms of life.

First to arrive were the information packs of viruses with their first genetic message of life, the message – COPY ME, nothing but microscopic strings of acids floating in water. Then the microbes and bacteria, fungi, algae, and phytoplankton, harvesting energy and genetic information and assembling more life code. All of them writing and rewriting genetic information – what to make and how to use it. These were the first expressions of life, and they will be the last.

The water is forever melting coastlines, freezing into the poles, evaporating in the warm sun, and floating as clouds full of rain. The seas constantly gnaw at the land with every tide and wave, returning earth to sea and dissolving out the chemicals to build back into life.

The warm waters from the Gulf of Mexico flow northward in the Gulf Stream, a current so huge and warm that it rises above the cooling ocean beneath like the raised vein on the skin of the planet, then approaching the frozen north the cooling waters sink, sliding back down towards the warmth of the equator.

The Earth, spinning on its axis at over one thousand miles per hour, is dragging its oceans across the world. The currents of cooling water flow over the curve of the earth, until denser and saltier they sink towards the frozen poles, then turning back, rise towards the hot seas of the equator, on and on, round and round. The world’s ocean currents are The Great Conveyor – the constant procession of warming and cooling waters that loop around the continents and all around the planet, the gigantic circulation system of planet Earth. A single drop of rain that falls into the vast Pacific can take a thousand years to return.

Above both the oceans and the land, great currents of atmosphere are also flowing, dragged like the oceans by the pull of the spinning planet, they pour in torrents and whirlpools of air, stretched thinner by the winds of the empty oceans and piling deeper against the barriers of the mountainous land. Rain laden clouds from the evaporating seas, heap themselves at the foot of the mountains and rising into the cold heights condense and pour down again as rain.

Our great oceans warm and evaporate, cool and freeze. The Earth turns from day to night, winter to summer, aeon to aeon. Interlocking cycles of change constantly transform the surface of land and sea.

Life is being forever assessed for its ability to adapt and to survive. Only the best adapted species, climb hand over hand, up from the past into the present.

The violently changing environment of planet Earth abandons and nurtures without fear or favour and drives evolution on, in front of it.

Despite the brutal changes that the environment inflicts on all forms of life, there are places on Earth that hardly ever change. In the Antarctic, the deepest and oldest layer of ice are snowflakes that fell about 50 million years ago.

It would take another 45 million years to pass before our most ancient ape ancestors were climbing down to the ground to hunt across the great new grasslands of the equator. The Antarctic grew progressively colder and the first snowstorms began to blow across the chilling land. They have been falling there ever since. Those snowflakes still lie there today with nearly five miles of frozen snow above them, steadily accumulating.

Seventy-five percent of our bodies are water, encased in skin, supported by bones, moved by muscles but still, mostly water. Our brains are 73% water, our eyes 90% and every living thing is water in a different shape. Every shape has evolved to survive in the present environment. And the present environment that water now inhabits has been almost entirely converted to sustaining us – Homo Sapiens – arguably – The Intelligent Ape.




Chapter 3 Earth
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Nearly all life on Earth is living in the soil.

Wherever the soil is wet, life can find a foothold, even where the dissolved chemicals of earth are so concentrated, that they can make pools of pure acid, or so caustic it would dissolve your skin. Even in these extreme environments, life has evolved. When life on Earth has hung on by a thread, swept away by torrents of molten lava from volcanic eruptions and choked by poisoned atmospheres, it is in the moist soils of the Earth that life has found refuge.

The fields of cold rock left behind as the lava cools and hardens, make the most fertile soils on Earth. As soon as it is cool enough, the lichens, mosses and plants move in, dissolving stone with their organic acids and drilling into the nutritious rock with their burrowing roots.

In Earth’s early history the whole planet was dotted with volcanoes, pouring out lava and building tectonic plates, islands of cooling melted rock, thickening into the continents of the future. As the cold islands of lava tip back down towards the molten core, they tear apart at the edges. Weak spots form where the lava can break through, or it forms great expanding bubbles that force themselves upward, exploding in fountains of rock, dust, and gas. Where the continents with infinite slowness grind into each other beneath our feet, they shear in earthquakes and erupt in volcanoes.

There has been volcanic activity on our planet for its whole life. There has never been a time in Earth’s history when there has not been an erupting volcano somewhere.

Life utterly depends upon this volcanic activity, as repeatedly the volcanoes come to life’s rescue by rebalancing the atmosphere. In the deepest and darkest places of the oceans, the molten chemicals of Earth pour out in fountains of soot, ash, superheated water, and gas. Around these splits in the Earth’s skin are towers of hardened minerals, Black Smokers, boiling hot in their chimneys and cooler on their slopes. In these deepest places – safe under seven miles of sea water, surrounded by all the essential ingredients for life, this could be where it all began, nearly 4 billion years ago.

At the same time as life was first beginning to assemble itself, cooling mounds of lava were sticking together to form the first continent of Vaalbara. Beyond our solar system, in the young and recently exploded universe, star production peaked.

Acid rain poured down through the carbon dioxide saturated atmosphere of Earth, melting the newly formed land and washing it into the warm seas. The first soils gathered in hollows and pools and lined the banks of the first empty rivers.

Almost 4 billion years of evolution have recycled the chemical crust of Earth and the eternal waters, through countless incarnations. Each epoch of life, enriching and deepening the living skin of the planet.

From the soils of Earth spring the tallest of all living things the trees, making a fur of green across the lands, rooted in the ground and hauling water up to their canopies. It is gravity that imposes the height limit on the trees.

Trees are limited by the grip of gravity, the first force of the universe.

Deep in the soils at their feet, the roots of the trees touch and connect, chemically binding all the life of the forest. The soil is a living organism in itself; a huge, complex carpet of interlocking life forms. These spend their silent lives beneath the forests, plains, fields, and gardens of the Earth. This is the ‘wood wide web’ of yeasts, fungi, and moulds. It is the communication, transportation and information network. The delicate mycelium threads that can stretch for miles. The largest fungus we know of covers four square miles and is the biggest living thing on Earth.

When conditions are perfect, sometimes after many, many years; these great organisms of the moulds and fungi, send their fruits up into the world of the air as mushrooms, toadstools, and moulds. In the warm damp days of autumn, they open their gills and pour out microscopic spores by their countless billions, reseeding the Earth. The world beneath the ground is as connected as the cells in our bodies or the great ecosystems of the oceans.

These underground connections make a nervous system of chemical exchange. Information from the trees seeps down into the roots and the connecting threads of the fungi and the messages pass along the subterranean pathways of the soil.

The fungal mycelium draws down the chemicals from the dead things of the world above and gives some to the root hairs of the plants. The plants pay with the sugars their leaves have made.

This is one of the grand partnerships of life on Earth, this is ‘symbiosis’ – ‘my life will help your life – if your life will help mine’.

Symbiosis is one of the cornerstones of the existence of life on Earth. All the life on land depends on the health of the living world beneath its feet and the vast ecosystems of the oceans.

The trees talk to each other. Sick trees have extra nutrients carried to them by their neighbours. Parent trees ferry extra sugars and water to their saplings. A tree attacked by pests sends a chemical alert down through its roots, and out into the air from its leaves to warn its neighbours of the attack. The trees respond by carrying extra toxins up from the world below and make their leaves more poisonous.

Like all life systems, the world of the soils has its rogues and predators. The beautiful orchids and the winter mistletoe are parasites, their burrowing roots penetrating the bark of a tree and stealing nutrients from the root webs beneath. Some species of trees are bullies, shouldering others out of their way by poisoning the land around them by releasing toxins into the soils.

The underworld of viruses, bacteria and fungi not only offer a banquet of nutrients, but they also offer a hiding place and protection from the tempestuous world above. The soil holds its temperature long after the air above has grown cold, the soil holds water in the intricate maze of tunnels and spaces in its fabric. The spongy upper layer of soil is full of the gases of the atmosphere, carbon dioxide, nitrogen, hydrogen, and oxygen. In its cold depths lurk the survivors of the first great extinction, The Great Oxidation event 2.5 billion years ago, the anaerobic organisms for whom oxygen is death.

Closed off by the compressed soils these anaerobic bacteria wait, safe from the corrosive poisonous gas that has flooded the world above. They wait for their day to come as it always has when they can dominate the planet again. When the plants and the oxygen has gone, as it has so many times before and the anaerobic organisms can start life anew from the ashes.

Life beneath the ground has offered protection to all the evolving land species. The sanctuary of the burrow helped save our mouse like ancestors when the impact of a giant asteroid laid waste the entire world, bringing to an end the kingdom of the dinosaurs.

When our ancestors finally emerged from the safety of our burrows, our predators had gone.

The soils of our present planet Earth not only contain freshly evolved species that like ourselves survived the cataclysm, but millions of the organisms that had gone before.

Many of the viruses and microbes and millions of the most primitive creatures have seen many extinctions come and go. But safe in the thick blanket of the soils most have gone on almost unchanged. Some trace their ancestry directly back four billion years to the very birth of our planet. They are the immortals.

One teaspoonful of topsoil contains more living organisms than there are people in the world, it is a complete world I itself, it can regulate and change. It is a living thing with bones of stone.

Soils contain the highly evolved earthworms, they and the fungi, are the gardeners of planet Earth. Earthworms spend their days eating the dead leaves and plant material collected in the night and drawn down into their underground chambers.

The tubular muscles of their bodies can shorten and stretch and flatten their way through all the labyrinths of the soil. Their endless tunnelling transforms the topsoil into a sponge of nutrients and air.

They excrete spiralled worm casts of processed plant and the tiniest grains of rock on to the surface of the ground, constantly fertilizing the land surface. A plump earthworm is a prized meal by a huge proportion of the creatures of the world. Our earliest ancestor – one hundred and forty-five million years ago – a small rat like creature – will have eaten worms.

Most animals spend part of their lives underground. 3 million years ago the earliest members of what was to become our species were coastal creatures, living on the foreshores
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