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‘Jungle is a bold, ambitious and truly wonderful history of the world that shows the vital importance of tropical forests to life on Earth’ Peter Wohlleben, author of The Hidden Life of Trees

‘Spanning from our very evolution as a species, to the early stages of globalization and how we fill our kitchen cupboards today, we all owe far more to jungles than we realize’ Lewis Dartnell, author of Origins

‘A breathtaking book showing that tropical forests were key to our evolution, provide fossil fuels for our modern carbon-hungry society and ultimately must be protected and restored if we are to have a future. This insightful and captivating book will ensure you never take our jungles for granted ever again’ Mark Maslin, author of How to Save Our Planet

‘There are many books on the history of trilobites and dinosaurs and other animals, but so few on the history of plants. Here the dynamic young scientist Patrick Roberts tackles the history of the tropics, from the coal swamps of 300 million years ago, through the co-evolutionary dance of dinosaurs and mammals and flowers, to how our own human history has been shaped by vegetation. As environments are changing rapidly around us today, this is a timely, readable and highly relevant history that celebrates the wonder and importance of jungles’ Steve Brusatte, author of The Rise and Fall of the Dinosaurs

‘Jungle sweeps the reader into the primordial heart of the earth, as if the crucible of life welcomed you to its sanctuary … As a book, it is a joy, pure intellectual chocolate’ Paul Hawken, editor of Drawdown

‘An enthralling jungle-journey from the origins of life on this planet to the present day, Jungle provides a brilliant new perspective on our interaction with tropical forests, placing them at the centre of human experience – and it delivers a timely warning about our abuse of the environment’ David Abulafia, author of The Great Sea

‘Patrick Roberts skilfully and lucidly shows why tropical forests matter. He builds the case that people and tropical forests are intimately linked, whether you live in the rainforest or seemingly a world away. Those intricate links are more important than ever today, with ending deforestation playing a key role in solving the twin climate and biodiversity crises we face this century’ Simon Lewis, co-author of The Human Planet




For Rhys, Ida and Livia – that they may
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Preface

Battling through the heart of the Brazilian Neotropics in July 2019, my student Victor Caetano Andrade and I fended off poisonous snakes, gigantic mosquitoes that can bite through the tough skin of crocodiles, and heat that made sweat cascade like waterfalls into our eyes. Over the past ten years, my fieldwork in the world’s tropical forests had taken me from the leech-filled rainforests of Sri Lanka to the flammable dry forests of Australia and the volcano-skirted misty cloud forests of Mexico. But nothing had prepared me for the teeming life, stifling climate, and vast array of green that flanks the Amazon, the largest river in the world by volume. Just to reach our field site and host village required a 523-kilometre ‘slow ferry’ (recreio) journey that took a staggering thirty-six hours, followed by another two-hour ride on a small, open boat, which we undertook while loaded down by several awkward boxes of scientific equipment, a rudimentary toolkit for on-site maintenance, and whatever clothes the remaining space and willpower would allow us to carry. Over the course of his summer research, Victor would suffer a bout of dengue fever, a pus-producing infected boil the size of a small plum on his hand, and the failure of an aeroplane engine during landing at a local city. This all likely sounds fairly familiar to those of you, particularly in Europe and North America, who have experienced ‘jungles’ only in terms of the films and novels that are set there. From the trials of Apocalypto to Mowgli running with animals, most of us see tropical forests as a kind of terra incognita. They provide artistic metaphors and natural resources, but they are fundamentally different to our own ideas of ‘home’. In fact, the overwhelming implication of most Euro-American books, series and blockbusters set in the ‘jungle’ is that tropical forests are fundamentally incapable of sustainably and safely supporting large human societies.

This notion informs not just popular, but also academic, thought. Tropical forests are often ignored in discussions of our human story and the history of life on Earth. The dominant narrative of human evolution, for example, is that our hominin ancestors left behind the perils and slim pickings of the forest as soon as they were able, striding out on to open savannahs with novel tools ready to exploit the rich game opportunities that these environments would provide.1 The search for the origins of our own species, Homo sapiens, and its rapid ‘routes’ of dispersal around the globe, has similarly focused on open grasslands or, alternatively, coastal settings.2 Likewise, discussions of the origins of ‘agriculture’ or cities almost never involve tropical forests. We have deemed them ‘unproductive’ and assume that they have uniformly poor soils, deadly natural hazards, elusive animals, and extreme climates that would make it impossible to maintain the types of agriculture and cities we associate with our own, purportedly ‘complex’, human societies.3 Given the seemingly inevitable devastation inflicted by industrial farming and urban populations on these environments today, we wonder how these habitats could ever have supported sweeping monoculture croplands, vast pastures and bustling metropolises. Instead, accounts of communities living in tropical forests tend to describe small, often supposedly ‘isolated’, groups, relying on hunting and gathering to survive.4 These assumptions shape not only how we understand the history of tropical forests, but also how we go about trying to protect them. Traditional conservation approaches to tropical forests assume that humans are simply incapable of living in them sustainably and that the best way of protecting them is to treat them as intact ecological ‘wildernesses’,5 with minimal human disturbance and presence. Even the word commonly used in English to refer to tropical forests – ‘jungle’, from the Hindi word jangal6 – was originally meant to classify something outside of the realm of human settlement and home comforts.

Yet, we should be sceptical of the stories we have so often been told about tropical forests. During my life-changing expedition to the Amazon Basin, two specific moments – far less expected, but far more intense, than any of Victor’s and my struggles under the canopy – stayed with me. These encounters not only highlight the longevity and intimacy of human interactions with these majestic environments, but also their ongoing significance to all of us – whether we live in the tropics or not. First. One morning, as we woke to the gentle shaking of the ageing recreio and the sounds of parakeets, Victor, a seasoned traveller in the Amazon and a Brazilian national, pointed at the tree-tops and said, ‘We will see a village soon.’ I tried to follow his finger, but could see no sign of people, houses, or even a clearing that might imply some kind of human presence – everything simply appeared wild and green. Then Victor pointed towards the types of vegetation that had suddenly begun to dominate the riverbanks. On closer inspection, in contrast to the previous mass of forest, a dense concentration of two particular types of plant became clear: açai berry-bearing palms and Brazil nut (or more correctly ‘Amazon nut’) trees. Long-term work as an ecologist and frequent visitor to settlements up and down the banks of the Amazon Basin meant that Victor knew that these plants acted as a living signpost for human populations. Sure enough, a village slowly emerged from the tangle of dense vegetation on the riverbank – one that was fittingly named ‘Ponta da Castanha’ (or point of Amazon nut trees). As Victor and the local people, including our generous host Jucelino, well knew, today’s river-shore settlements are almost always located on top of prehistoric occupation sites. Here, past human societies modified the fertility of the earth and the composition of vegetation over millennia. So much so, that these spots still attract local Amazonian food producers today. If Amazonian tropical forests were indeed ‘untouched’ and largely free of human history, how could I be standing in a location that had repeatedly seen settlement for thousands of years?

Second. At the end of our visit, we pushed off from the shore in a small motorboat. Riding just above the waterline and gripping our belongings and equipment in our laps for dear life, I looked up into the sky. What I saw was a fast-moving blanket of clouds, sailing above the Amazon rainforest and its human settlements, so close you could nearly touch it. It was in this moment that, perhaps for the first time, I truly appreciated the regional, continental and global significance of tropical forests. If these forests disappeared, the loss of water evaporating from billions upon billions of leaves would turn this blanket of cloud into a threadbare rag. What few of us realize is that tropical forests are globally responsible for a significant portion of the planet’s terrestrial rainfall.7 In the case of the Amazon Basin, if its tropical forests disappeared rain would decrease, not just locally, but also across vast swathes of the South American continent. Thanks to the network of ocean and atmosphere circulation systems that cross the globe, climates as far away as Europe could be impacted. These same forests are also often major carbon sinks, performing over one-third of the planet’s photosynthesis and trapping and storing around a quarter of the world’s land-based carbon. If they disappeared, this carbon would be released into the atmosphere. Meanwhile, less atmospheric CO2 would be recaptured into the biosphere in their absence.8 In the context of a growing urgency to address the role of emissions in human-induced climate change, I am sure you can imagine what that would mean for temperatures all around our planet.

These two experiences provide an entry point into the vital, but often remarkably neglected, place of tropical forests in human history and the functioning of the Earth that I hope to reveal to you in this book. Tropical forests are not ‘green hells’,9 hostile to human habitation and useful only for distant, relentless extraction and clearance. They can be productively lived with and lived in (a fact that I believe casts strong doubts on the assumptions we often make about how human societies, economies and settlements should inevitably be organized). Indeed, given their importance to the entire planet, we are all going to have to find ways to do this sooner rather than later. As a multidisciplinary archaeologist working in the tropics, I have seen how the discoveries of my predecessors and colleagues have increasingly highlighted the adaptive flexibility of human societies living in these environments on a global scale, from our earliest ancestors to the inhabitants of some of the largest urban areas ever to have existed prior to industrialization. I have seen how biologists and ecologists have long emphasized the importance of these, the oldest land-based ecosystems on the planet, to the evolution and sustenance of the world’s greatest concentration of plant and animal diversity.10 And I have seen how Indigenous11 peoples have long advocated the critical role of tropical forests for their economic and cultural survival, as well as the importance of their active stewardship to the wellbeing of these ecosystems.12 In light of all this, it is remarkable that many of us still think of tropical forests as so inherently separate from human existence. We are happy to hear about Tarzan living among wild animals, to watch searches for ‘lost’ cities by directionally challenged explorers, and to let the dulcet tones of David Attenborough wash over us as he describes a fabulous exotic bird attempting to dazzle an unimpressed mate. Yet, the remoteness, biodiversity and increasingly dramatic disappearance of tropical forests, while fascinating and shocking, also feel disconnected from many of our day-to-day lives. Even when we call for their protection, we tend to call for humans to be moved out of them rather than searching for ways in which humans might live alongside them. The plights facing these environments today are undoubtedly poignant, but their apparent distance, isolation and exoticism all too often allow us to ultimately ignore them.

This book is a history of the world according to the tropics and their ‘jungles’. It begins with a journey through the colourful cast of tropical forests that have inhabited our planet for nearly 400 million years (Chapters 1 and 2), from the first tree-like organisms emerging into a warm, wet world to forests that would be recognizable to those inhabiting (or visiting) the tropical portions of our planet today. We will see how, from their arrival on the Earth’s surface, tropical forests have shaped – and been shaped by – barrages of climate change from above and crunching forces of tectonic plates from below. Tropical forests sculpt our planet’s atmosphere, water cycle and soils, and have played a major role in the evolution of life on Earth. We will explore the role of these remarkable environments in hosting the first flowering plants and the earliest four-legged land-based creatures on Earth (Chapter 2), in impacting the evolution of the dinosaurs (Chapter 3), and in shaping the survival and evolution of many of the main ancestral lines of mammals that we flock to zoos to see today (Chapter 4). Tropical forests also played an essential role in human evolution. They were the leafy ‘cradles’ where the first hominins appeared in Africa, splitting off from the last common ancestor between other great apes and ourselves (Chapter 5). They were also one of the diverse environments in which our own species, Homo sapiens, emerged in Africa, before we went on to occupy nearly all the planet’s continents between 300,000 and 12,000 years ago (Chapter 6).

Despite the remarkable position of tropical forests in these major evolutionary processes, many of us tend to see them as somewhat detached from our story: impossible to farm in the absence of deforestation, deserted, isolated islands, or unattractive and fragile in the face of urban developments. What I want to show you is that these preconceptions are often the product of Euro-American ideas of what ‘agriculture’ or ‘cities’ should be. Many of the crops and animals we rely on today were, in fact, first managed and domesticated in the tropics (Chapter 7). Many different human societies grappled with sustainable living on tropical islands, managing local resources alongside new crops and animals brought from elsewhere (Chapter 8). And tropical forests were also home to some of the largest, and also comparatively most successful, pre-industrial urban populations ever to have existed (Chapter 9). This, in turn, forces us to ask the question: given all this evidence for previous innovative human habitation and management of tropical forest environments around the world, why do we commonly think of them as ‘empty’ and ‘vulnerable’ to human presence today? The answer is to be found in the historical processes of the last 500 years, where Europe and the tropical world collided. Disease, warfare and murder ravaged the cities and villages of Indigenous populations (Chapter 10). New profit-driven approaches to tropical landscapes saw mining and monoculture plantations strip away forests, erode soils, and act as the sites of forcibly abducted and transported labour as part of the transatlantic slave trade (Chapter 11). The spread of imperial and capitalist forces around the tropics resulted in degraded landscapes, in wealth imbalances between the western half of Europe and northern North America and the tropical world, in racial discrimination and violence, in a marginalization of Indigenous knowledge, and in the onset of significant human-induced climate change, which continue to represent perhaps the most major ecological, social, political and economic challenges facing our societies in the twenty-first century (Chapters 11 and 12). They also led many of us to falsely conclude that these habitats cannot, and do not, support large numbers of people.

Although a number of readers may already care deeply about the environment and the decline of tropical forests, it is highly likely that, to some extent, you still feel a certain safe estrangement from some of the world’s oldest land-based environments. Indeed, harsh working conditions, dense vegetation, and difficult navigation – as encountered by Victor and me on our Amazon expedition – have often hindered exploration of tropical forests and their histories. However, this book will look at how the latest scientific advancements, from laser scanning from the air to plant genetics in the lab, can take us through the canopy, to show us how these habitats actually penetrate every inch of our lives, wherever we are. Our kitchen cupboards are filled with groceries that owe their beginnings to tropical forests. Our travel to work depends on latex originally tapped from tropical trees. Our consumer decisions, from furniture to beauty products, continue to influence the nature and extent of tropical environments. Extinction, deforestation and fires in these environments can seem a world away from many of us as we hear about them in the news. But the loss of tropical forests, and the colonial legacies that shape their plight today, impact not just the lives and climates of people on the other side of the world, but also our own weather, politics, societies, and economies – from Manila to Munich, Colombo to Cardiff, and from Nairobi to New York. This book is an attempt to convince you that the history of tropical forests is your history too. But before we get ahead of ourselves, it is time to look back beyond 500 million years ago. Back when plants had not yet graced the land surfaces of the Earth, and things looked very, very different to how they do today.
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1. Into the Light – the Beginning of the World as We Know It

School tours of natural history museums around the globe frequently rush past the fossilized remains of early plants on the way to the reconstructed dinosaur skeletons or stuffed blue whales that often take the plaudits as the heavyweight ‘stars’ of evolution. Novels and films such as Jurassic Park have brought the work of palaeontologists, picking away at long-extinct bones to determine the evolution of fascinating creatures, into the public arena. But no such dramatization has emerged for the explorers of the world’s ancient plants. This speaks to a more general apathy. As we go about our daily lives, we rarely spare a thought for the mosses growing on our pavements, the grasses covering our fields, the flowers occupying our gardens, and the trees that, if we’re lucky, line our streets. We often take for granted that plants have always been on our planet and always will be. There are also fewer well-known documentaries that explore the emergence, evolution and conservation status of plants. Plants are considered traditionally less ‘exciting’ than other life forms. They are harder to empathize with than animals, with their emotional eyes and a semblance of what we might recognize as families. Plants also do not make noises audible to the human ear, apart from perhaps some accidental creaking in the wind, making it unlikely that they will feature in a viral YouTube video ‘talking’. Yet, without plants, the world as we know it today would not exist.

Indeed, recent research makes it seem like we might have been too quick to dismiss our photosynthesizing friends. For example, we now know that plants actually share some features that make us so able to relate to other animals. Time-lapse cameras have revealed the amazing, dynamic way in which plants constantly grow and move in different directions to access light.1 While they do not feel pain in a traditional sense, plants being consumed by caterpillars will release defence chemicals that make them less appealing to their attacker.2 Similarly, trees being eaten by giraffes in eastern Africa will release compounds into the air that warn other trees to protect their own leaves.3 Such ‘communication’ has also been demonstrated in forests where neighbouring trees will try to route nutrients to their damaged or ailing companions, making use of mass fungal ‘webs’ that are some of the largest organisms in the world.4 In an attempt to maximize growth, trees will also sometimes gamble on the shedding of their leaves in temperate winter environments, with daring individuals paying the potentially fatal penalty of frost if they keep their leaves for too long.5 However, by far the most impressive part of these organisms is the way in which they engineer our world to make it hospitable to almost all other life. The sheer scale of this accomplishment is only truly apparent if we explore what the Earth was like without plants, which, thanks to recent scientific advances, we can now do.

Let’s travel back to the early Cambrian period (between around 538.8 and 509.0 million years ago).6 While it might seem an odd place to start in a book about tropical forests – being named after Cambria, the Latin word for Wales – this famous geological period witnessed a diversification of complex life, often termed the ‘Cambrian explosion’, that was to eventually produce the evolutionary lineages of all multi-cellular animals left on Earth today. Were we to dive into the significantly warmer oceans of the early Cambrian period, we would see many different species of trilobites (the characteristic woodlouse-like fossil arthropods many of you will be familiar with) and other invertebrates practising predation, scavenging and filter feeding as marine ecosystems began to take on a familiar form.7 However, if we left this marine cornucopia and stepped out on to the land, a seemingly deserted, and frankly apocalyptic, scene would greet us. The continents would have been covered by dry, rocky landscapes, and the main type of life present would have been in the form of patchy films of microbes smeared across the surface. Beyond that, the only visible signs of life on land would have been the occasional slug-like mollusc precariously venturing out of the oceans to try and scratch a living on the slim pickings available.8 During the early Cambrian there was no variety of terrestrial life at all, let alone something we might associate with a tropical forest. However, the world was certainly ‘tropical’ by common climate classification systems that define a tropical climate as one with monthly average temperatures of ~18°C or more.9 In the Cambrian, the global average temperature was around 19°C, a staggering 5°C higher than the present day,10 and it still remained at an average of ~18°C at the beginning of the Devonian (419.0 million years ago).11

It was into this ‘tropical’ world that the first land plants arrived to perform their greatest trick, with an alchemical skill we can only dream of. All of you will have had a high-school introduction to photosynthesis, the process by which most plants and certain bacteria can use the energy of the Sun to convert carbon dioxide (CO2) in the air or oceans into sugars and oxygen (O2). However, the fundamental nature of this process to life is easily forgotten. In the absence of land plants, even with some bacteria and aquatic algae performing photosynthesis, early Cambrian atmospheric CO2 concentration was around 4,500 parts per million by volume. That’s ten times higher than it is today.12 Meanwhile oxygen made up only about 7% of the Earth’s atmosphere,13 around three times lower than today.14 As a result, on our tour of the Cambrian’s land surface we would require oxygen tanks to survive. Furthermore, in the absence of plants, there were no root systems to efficiently break down bedrock, and nutrients that are crucial to most food chains today remained locked away in the Earth’s tough crust. We will now see how the broadly ‘tropical’ state of our planet between the Cambrian and the Devonian represented the perfect ‘greenhouse’ for the emergence of not only the first land-based plants, but also the first trees and forests. While these pioneering organisms actually put an end to widespread warm conditions, causing significant drops in CO2, global cooling, and even the formation of polar glaciers, they also formed the building blocks for the first complex, land-based ecosystems that were to emerge around the remaining warm, wet regions of the equatorial tropics in the Carboniferous period (359.3 to 298.9 million years ago). These forests fixed soils, released nutrients, and stabilized the climate and the composition of the atmosphere. They also provided ideal homes for a growing variety of interacting animal life that would eventually lead to the amphibian, reptilian and mammalian lineages that surround us today. It is no exaggeration to say that they changed the face of the world for ever.

The process of photosynthesis, and the extension of roots into the very surface of the Earth, meant that, from their first arrival, plants had the potential to be significant movers and shakers in the context of our planet’s atmosphere, climate and geology. Professor Timothy ‘Tim’ Lenton is Director of the Global Systems Institute at the University of Exeter and is interested in how the first plants on land might have influenced the various ‘systems’ (e.g. atmosphere, geosphere, hydrosphere and biosphere) that interact to shape the climate of Earth. As he puts it, ‘There is a complex interplay between our oceans, the proportions of different gases in the air around us, and, crucially, what covers the land that affects how the Sun’s energy is stored and moved around the world.’ Earth systems scientists such as Tim rely on powerful computers to ‘model’ how changes to the amounts of different gases in our atmosphere, to the speed and direction of ocean currents, and to the distribution of different types of vegetation will alter the overall condition of the planet, and whether different parts of the Earth will be impacted in different ways by such changes. The outputs from what might be best described as an earth scientist’s version of Minecraft can then ultimately be tested against available records of CO2 and O2 concentration and temperature from ancient sedimentary or ice core records, to see whether they ‘work’ and can effectively explain the state of the Earth at a given point in time.

One of the main uses of this climate ‘sandbox’ has been to make predictions about how twenty-first-century greenhouse gas emissions will impact global temperatures in the decades to come. However, it has also been used to explore how the arrival of the first plant life would have altered the state of the planet. Yet, in order to do this properly, these computer whizzes must turn to the more ‘classic’ approaches of exploring ancient plants, or ‘palaeobotany’, to answer the key question: when did the first true land plants (or ‘Embryophyta’) appear? It is generally accepted that the first land plants were non-vascular, or ‘lower plants’, meaning that they lacked complex structures, such as the transport network of xylem cells that carry water and phloem cells that convey nutrients from a plant’s roots to the rest of its body. These plants evolved from aquatic algae and have long been thought to have resembled the modern liverworts, hornworts and mosses (or ‘bryophytes’) you will have likely seen covering large patches of ground, rocks and trees in your back garden. These spore-producing plants are, today, well-known for their ability to retain water and can also act as important sources of food for animals. However, suggestions that liverworts, in particular, were the earliest diverging ‘sister’ lineage of land plants15 had meant that climate models often neglected the impacts of the earliest land plants on the Earth’s surface and atmosphere.16 This is because liverworts are ‘lacking’ a number of physical features such as stomata – the tiny holes in leaves that can be opened and closed to help plants control their uptake of CO2 and loss of water during photosynthesis – that are found in more complex, ‘vascular’ land plants. As a result, they seemed to represent a perfect halfway house between ‘primitive’ aquatic algae and complex, terrestrial vascular plants.17 Nevertheless, as you can imagine, directly testing this assumption by actually finding and studying the earliest of these plants has posed a major challenge to even the most enthusiastic of palaeobotanists.
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The liverwort Marchantia polymorpha. The earliest land plants are thought to have resembled living ‘bryophytes’ such as liverworts, hornworts and mosses. Liverworts, such as Marchantia polymorpha, have often been considered the oldest lineage of land plants, acting as a model system for a transition between aquatic algae and complex vascular land plants. However, the exact nature and physiological features of the earliest plants to colonize the land have remained unknown until recently.
The most direct evidence for the appearance of land plants comes from fossilized impressions of their bodies or the spores they used to reproduce that were left behind in ancient sediments. Following a series of high-pressure geological processes, these traces were eventually converted into rock, to be preserved to this day. The earliest embryophyte-like spores come from sediments in Argentina dating to around 470 million years ago,18 during another geological period with a Welsh connection, the Ordovician (486.9 to 443.1 million years ago), named after an ancient group (the Ordovicii) that was subjugated by the Romans in what is now North Wales. More recently, five bryophyte clades have been argued to be represented by fossil imprints from a sinkhole excavated during the creation of the Douglas Dam, Tennessee, dating to ~460 million years ago.19 This would be significantly earlier than one of the most widely accepted earliest fossils with a land plant body structure from Ireland that have a minimum age of ~427 million years ago.20 Nevertheless, if you have ever touched a bryophyte while working in your garden or taking a walk in the woods, you will have noticed its fragility, and it will often simply crumble away in your hands. As a consequence, existing fossil discoveries are almost certainly under-estimates of the true age of the first land plants. Comparisons of modern and fossil plants can be used to estimate how long would have been needed for different ‘morphologies’, or body shapes, to have emerged in the past.21 However, this is imprecise, as evolution can occur at markedly different rates. Furthermore, the incredible patchiness of the fossil record of plants, particularly during this early timeframe, means that there is frustratingly little to go on when attempting to understand when and how land plant lineages emerged and proliferated, as well as what they looked like and what implications they might have had for the planet.

Some scientists have therefore adopted different approaches to exploring the evolutionary history of land plants. For example, they have sampled the modern genetic data of different families of liverworts, mosses and other land plants to try and produce a kind of ‘molecular clock’.22 These ‘clocks’ work on the principle that mutations within the genetic or protein sequences of plants will have occurred at a constant rate that can be calculated. With this in mind, the modern genetic sequences of different plant groups can then be compared, with the amount of difference providing some kind of idea as to how long ago the different lineages formed and separated from each other.23 This work has allowed scientists to determine that vascular plants, or ‘tracheophytes’, which include the trees, shrubs, flowers, and ferns and fern allies that characterize the green plant life most visible to us today, indeed emerged after the liverworts and mosses.24 More significantly, it has also been demonstrated that liverworts are not actually the earliest land plant lineage, calling into question the relevance of their physical features for characterizing the earliest plants to colonize the land.25 Nevertheless, the earliest evolutionary history of plants still remained hazy and it has been incredibly challenging to estimate a robust date for the first land plants. Given the complexity of genetic mutations and differences in the rate of change between populations, species, and even plant families, dates based on modern genetic data alone are notoriously unreliable, providing a rough ballpark figure at best.26 If the date for the first land plants, and insights into their biological features, cannot be determined, then working out when and if they had impacts on the Earth’s climate obviously becomes a major challenge.

Fortunately, in 2018, scientists decided to combine the strengths and weaknesses of the different fossil and genetic approaches to the origins of land plants to develop a more accurate and comprehensive model for their appearance. This team, headed by scholars at the University of Bristol, combined the genetic and morphological estimates of rates of plant evolution, with the available ‘fixed points’ provided by actual remains in the fossil record. As Dr Silvia Pressel, head of the Algae, Fungi and Plants Division at the Natural History Museum of London, and co-author of the study, states, this work allowed ‘initially rough evolutionary models to be tested and refined using the evidence that we can hold in our hands’. Moreover, by repeating these models thousands and thousands of times the researchers could work out just how likely it was that they represented reality. All their analyses converged to indicate that the first land plants actually appeared about 500 million years ago, slap bang in the middle of the Cambrian period, just after the evolution of multicellular animal species had started to take off underwater.27 Even more significantly, biomolecular analysis of different plant lineages undertaken by a separate multidisciplinary team of palaeo- and neo-botanists indicated that the ancestor of land plants was probably more complex than assumed so far, already possessing root-like filaments and stomata on its surfaces.28 These features would have allowed them to process more soil and more carbon dioxide than had previously been thought.29

Silvia’s work has also added a further dimension to this emerging picture. You might have read about how plants and fungi combine to produce a close ‘symbiotic’ relationship (known as mycorrhizae). The fungi, interlocking with the roots of a plant, provide more water and soil nutrients to the plant, helping them to break down bedrock and soils, and even protect them from pathogens.30 Meanwhile, the plants provide the fungi with sugars for sustenance from photosynthesis. We now know that most land plants make use of this win-win partnership. About 90% of plant species today are supported by fungal helpers, and the mapping of species of fungi and bacteria between the roots of trees across the world has come to be known as the ‘wood wide web’,31 enabling flows of nutrients across entire ecosystems.32 This relationship was already thought to be ancient because of the presence of fungal structures, including little tree-like structures referred to as arbuscules, in the cells of 400-million-year-old fossil plants.33 However, some bryophytes, namely mosses, lack these interactions, leaving the question open as to whether the earliest plants on land had also already established fungal partnerships. By studying the diversity and function of fungi across the bryophyte groups, and by sequencing the modern genomes of mycorrhizal fungi, researchers like Silvia have confirmed that this ‘subterranean cooperation between plant and fungus extends back to the roots of plant evolution on land’, as she puts it,34 and likely involved a greater diversity of fungi than previously thought.35 Together, then, it is becoming increasingly clear that the first land plants emerged earlier, and, alongside their fungal aides, had a more significant impact on the planet than has often been considered.
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Fungal structures seen within a modern liverwort. These mycorrhizal fungi help the plant to absorb water and nutrients from the soil, and the relationship between them and plants likely extends back to the first plants to grow on land.
Returning to the computer studio, back in 2012, Tim’s team had used their simulation-based approach to make two significant arguments about the first land plants. First, they performed experiments that showed that modern mosses, even with limited root systems, would significantly boost the weathering of rocks to nearly the same degree as more complex ‘higher’ vascular plants. They do so by releasing acids from their tissues on to the surrounding land surface. The weathering of rocks traps CO2 from the atmosphere in acidic solutions with ions (bicarbonate, calcium), while at the same time CO2 is absorbed from the atmosphere by photosynthesis. Applying these new weathering estimates, which would only be significantly increased by the findings of the 2018 study and the discovery that, unlike mosses, the earliest land plants would have already established a joint venture with fungi, enables an estimation of the planet’s CO2 concentrations and temperatures during the Ordovician period. Although these computer models are inevitably imprecise to some degree, assuming that these non-vascular land plants had colonized just 15% of the currently vegetated parts of the Earth’s surface between 475 and 460 million years ago (plants make up around 32% of the Earth’s surface today36), they suggested a staggering halving of atmospheric CO2 and a global cooling of at least 4 to 5°C.37 The modern aim to limit global warming to 1.5°C in order to avoid a series of devastating tipping points for human societies around the world38 should put the scale of this planetary change into some perspective. Taking an even earlier date of plant colonization means that changes could perhaps have begun during the late Cambrian ~490 million years ago. Significantly, corresponding climatic alterations are, at least, clearly identifiable in available records from the Ordovician period,39 indicating that these processes did indeed have immense implications for the beginnings of complex life on Earth.

Firstly, the reconstructed cooling was enough to trigger an ‘ice age’ by the time of the Ordovician–Silurian geological boundary 443.1 million years ago. The Silurian is yet another name derived from Wales and, although the chilly conditions at the start of this period may be more in keeping with popular ideas of a trip to the Brecon Beacons, the real reason so many of these periods have names deriving from this country is that a lot of formative work in the discipline of geology was done by British people in Britain, with the names of classic blocks of time first identified on these isles frequently being imposed upon the rest of the world. The drop in temperatures at the Ordovician–Silurian boundary was so extreme that it was to be one of the coldest periods in the last half a billion years of Earth history40 (or over 1,500 times longer than we have existed on the planet!). Secondly, enhanced weathering would have released significant nutrients, and specifically the element phosphorus, from the previously barren rocky land cover. Phosphorus is critical to the growth of organisms. However, too much phosphorus can be a bad thing, particularly in aquatic settings, and, today, phosphorus pollution can stimulate a rapid growth of toxin-producing algal blooms. Back in the Ordovician, the washing of newly-weathered phosphorus into the oceans would have had a similar impact. Although these ‘blooms’ would have supported more and more marine life, this would also have gradually sucked the limited oxygen supply from the water. Ultimately, suffocation and a mass extinction of marine life characterizes the end of the Ordovician. While earlier dates for the first plants ~500 million years ago may indicate that this process was a relatively slow one, a similar cooling and mass marine extinction is actually also documented in the middle of the Cambrian, which could hint at a more immediate role for these new green organisms. Regardless, the latest research is clear in showing that even the most primitive of land plants could, and did, dramatically alter the climate, atmosphere, and surface of the Earth. These plants survived their self-induced Ice Age, huddling in the warmer equatorial areas of the planet. There they waited, ready to grow and change the world to an even greater extent. While the oceans initially suffered, the land was bracing itself for an unprecedented expansion of life.

Although the first plants certainly affected the Earth’s systems, it was only with the arrival of the most complex of vascular plants, the trees, that these changes began to stick. The earliest ‘higher’ vascular (or ‘tracheophyte’) fossil body plant form, with xylem, phloem, and complex, invasive rooting systems that fit with our more traditional school-based definitions of ‘plants’, is dated to around 420 million years ago in Canada,41 nearly 80 million years after the first plants colonized the land, and represents the beginning of the plethora of complex green plant forms we are familiar with today. Shortly afterwards, during the Devonian (419.0 to 359.3 million years ago), the first trees appeared on the planet. Trees have certain evolutionary benefits over other plants that enabled their rapid success. Unsurprisingly, their sturdy structure enables them to grow taller and gain better access to light for photosynthesis. More photosynthesis meant more body mass and their root systems could search deeper and more widely for nutrients, with weathering from roots and their fungal collaborators increasing the rate of soil formation and greatly expanding the area in which subsequent plants could take root. More photosynthesis also increased the amount of CO2 absorbed from the atmosphere.42 As much of this CO2 became stored in robust lignin-based and, later, woody trunks, resistant to decomposition after death, it also became locked away from the atmosphere, increasing the relative proportion of O2 in the air that remained. The true giants of vegetation cover, and its impact on the Earth’s systems, had arrived.

Until recently, the story of our planet’s trees was thought to have begun at a stoneworks near Albany, New York State. Here, at Riverside Quarry near Gilboa, workers extracting stone needed for a nearby dam project in the 1920s discovered hundreds of log-like shapes, one after the other, sticking out upright from the rock they were chipping away. New York State’s first female palaeontologist, Professor Winifred Goldring (1888–1971), was called to the scene and her research on these amazing finds43 shaped discussions of ancient forests for nearly a century. The trunks were identified as Eospermatopteris, a plant very similar to modern tree ferns. While it was considered to have a broadly ‘tree-like’ (what palaeobotanists call an ‘arborescent’) structure, Eospermatopteris lacked proper leaves. Instead, photosynthesis occurred on fronds (like those of palms) inserted into almost-vertical branches. The trunks of Eospermatopteris, dating to around 380 million years ago, were also not composed of wood but rather consisted of a tough, hollow lignin structure. Later work in the 2000s identified a woody ‘aneurophytalean’ vine at Gilboa, which, with mosses, apparently climbed the Eospermatopteris tree forms. While Eospermatopteris has subsequently often been heralded as the first anatomical ‘tree’,44 the aneurophytalean vines were actually considered a better biological example of an early ancestor of the woody, seed-bearing trees of today45 – or a ‘progymnosperm’ – that is, until 2019, when another fierce competitor for the title of the oldest ‘tree’ emerged.

The findings at Riverside had stimulated further palaeobotanical investigations of the rock formations on the east coast of North America, which were eventually to happen across another major ancient fossil. Again in New York, and again in a quarry (albeit this time abandoned), scientists uncovered an incredible record of a different type of ancient arboreal life-form in the region. Dating 2–3 million years older than Riverside, the new Cairo site produced the same hollow Eospermatopteris and the same woody aneurophytalean vines as Gilboa. In addition, the scientists found so-called ‘lycopsids’ (distant relatives of the still living Lycopodium genus of clubmosses, commonly known as ‘ground pines’) and liverworts. However, most amazingly, these Devonian sediments also preserved the remarkable root and body structure of a member of the Archaeopteris genus. Although known from previous studies, the Cairo record clearly demonstrated that, unlike Eospermatopteris, Archaeopteris also already had a clear set of seed plant (‘spermatophyte’) features much earlier than previously thought.46 This included a vast, deep root system indistinguishable from modern seed plants, a large, upright form, thick woody trunk, varied spore types, and flat green leaves for the efficient capture of sunlight and absorbance of CO2.47 As a result, it is considered to represent an ancestral lineage from which all seed-producing plants, which dominate the Earth’s forests today, evolved. Furthermore, while Eospermatopteris was largely limited to flooded, lowland swamp habitats, the root systems of Archaeopteris, and the ability of its sophisticated leaves to function in dry systems, enabled these trees to expand much more widely across the Earth’s surface, with the potential for more wide-scale planetary impacts.48 By ~388–359 million years ago, fossil records suggest that Archaeopteris was not only a dominant member of many forests in North America,49 but also in Morocco50 and China,51 among other places.

Whichever group of organisms best represents the first trees, together, the Gilboa and Cairo fossil sites provide a remarkable snapshot of the world’s first forest ecosystems. These new leafy kids on the block began to further reconfigure the Earth’s surface and atmosphere, and not necessarily to their own advantage. These novel Herculean plants were the world’s first ‘geo-engineers’.52 True, deep, wide root systems converted significant amounts of rock into plentiful, supportive soils. As the roots reached outwards, they continued to form ever larger bonds with fungi and microbes that characterize the dynamic floors and soils of modern forests.53 Calcium, magnesium, sodium, iron, aluminium and potassium were mobilized from the Earth’s crust into new, thick, nutrient-, and even clay-, rich soil ecosystems and mineral carbonates.54 Once again, however, not all these minerals remained on land. As at the end of the Ordovician, they made their way into the Earth’s seas, driving an expansion of life.55 More rapid and wide-scale weathering trapped more CO2 in solution, further reducing CO2 in the atmosphere,56 alongside more efficient photosynthesis by extensive leaf systems. This new plant-based shock to the planetary system once more sent the world into a drastic phase of cooling, even more significant than before. Polar glaciers pushed right up to the lower latitudes.57 Numerous extinctions occurred both in the oceans and on land at the end of the Devonian. This cooling also resulted in the widespread decline of many of the first forests that had dared to stake their claim on our planet.

Nevertheless, the pioneering biological and geological success of these new, tree-based configurations meant that the world was now forced to contend with something of an ‘inevitability of forests’.58 By the time of the Carboniferous period, 359.3–298.9 million years ago, a time when the supercontinent of Pangaea was forming, glaciers were contracting, and much of the continental landmasses of present-day Europe and America existed around the warm, wet equatorial regions,59 forests were well and truly back. Woody trees with thick bark, alongside their decking of vines and climbers, expanded in moist, swamp-like habitats across these latitudes. Indeed, the name of this geological period comes from all the ‘carbon’ that became trapped in the ground following the deaths of these new, more resistant trees.60 The thick layers of peat that formed from these extensive forests, in the absence of microbes and fungi that could digest tough wood fibres, were buried deep under the surface. There, millions of years of heat and intense pressure turned them into the Carboniferous coalfields, which geologists around the world could use to visibly recognize a distinct period of time. In an ironic twist of fate, these same coalfields, formed from forest habitats that had begun to turn the Earth’s surface into a more lush and comfortable setting, were rediscovered as a key fuel source for the industrial revolution of the eighteenth and nineteenth centuries. The human-induced release of CO2 back into the atmosphere has reversed a process that began hundreds of millions of years prior, and threatens not only the forest descendants of these Carboniferous ecosystems, but also the habitability of various parts of the Earth’s surface for plants and animals (including ourselves) alike.

Various ancient trees (known as lycophytes) lived in these first Carboniferous forest environments, extending up to between forty and fifty metres high and up to two metres in diameter.61 Sweeping vines climbed these gigantic arborescent versions of modern-day clubmosses, while horsetails added density to the extensive, humid, tropical swamp ‘coal forests’ that, by ~300 million years ago, made up the majority of the now plentiful forest cover visible in fossil records dating to this period. The remaining third consisted of progymnosperms and even true seed-producing trees, such as the now-extinct giant ‘cordaites’ that may have been ancestral to later conifers, ginkgos and cycads, which broke free of the wetlands and adventurously struck out into well-drained, drier, upland conditions.62 True seed-producing plants (spermatophytes) emerged in the Devonian, but it was within the warm conditions of the early Carboniferous that they expanded across latitudinal zones.63 The appearance of fossil evidence for vast mats of roots from 305 million years ago64 shows the earth-shattering capabilities of Carboniferous forests – producing ample soils they could anchor into both horizontally and vertically. The resulting active, nutrient-rich soils were teeming with fungi, bacteria, and also now invertebrates (mainly insects) that were highly effective at breaking down organic matter, and would not have been out of place on the ground-level of twenty-first-century tropical forests.65 Photosynthesis continued to absorb and trap significant amounts of CO2, leading to atmospheric levels less than five times that of pre-industrial levels. At certain times, O2 was at an even higher abundance in the atmosphere than it is today.66 The shift in the atmosphere during the Devonian and into the Carboniferous was so significant that even the plants themselves likely had to adapt. While we have already seen that these pores have inferred origins as far back as the Cambrian with the first land plants,67 there appears to have been an increase in frequency and surface area covered by stomata on plants as the Devonian period wore on.68 It has been suggested that the proliferation of stomata, and a growing function in gas regulation, was an adaptation to declining CO2 and environmental conditions at this time,69 though this remains debated.70 Regardless, overall mild global climatic and atmospheric conditions were now ripe for the expansion of life and, as we will see, a proliferation of familiar land-based organisms. Forests growing in the tropical latitudes of the time were the key catalyst for this process, which is only now beginning to be undone by human hands.
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Image of a 400-million-year-old stoma from the Rhynie Chert fossil plant Aglaophyton majus.
In contrast to our tour of the desolate landscapes of the Cambrian, if we strode through the new forests of the Carboniferous we would feel significantly more at home. Walking across the Earth’s surface we would now see organisms and ecosystems that look like the plants and forests we know today. Compared to the chatter and squawking of diverse Amazonian rainforests, or even the sounds of British woodlands, Devonian and Carboniferous forests would have been eerily silent. No herbivores yet existed that could process the new cellulose- and lignin-rich plants that had begun to populate the planet, leaving them largely unmolested to grow upwards and outwards. Nevertheless, the rapid formation of soils, thanks to the lofty trees, now provided moist, warm homes for millipedes and centipedes, consuming rotting plant matter or hunting other tiny organisms trying to make their way in this very new world. The earliest insects appeared in Devonian and Carboniferous forests,71 some flying through the humid swamp forests on wingspans as large as ~60cm by the end of the latter period thanks to soaring atmospheric oxygen.72 Predatory spiders and scorpions had likewise begun to call these lush forests their homes, while worms and snails likely slithered along the ground, although their soft body tissues have not preserved well enough as fossils for us to be certain. Ultimately, if we were to dig away at the ground of the Carboniferous forests, the communities of creepy-crawlies we would uncover would not have been significantly different to those seen around the world today.

Turning our heads up from the floor, if we looked closely enough at the dense, dark forest sub-canopy, we might begin to see how these earliest forests, while relatively quiet, also hosted some of the first major step-changes in land-based animal communities. To observe this most clearly, it is best if we travel to Hamstead in Birmingham in the United Kingdom, and the ‘Jewel of the Midlands’. Like Wales, it might seem a peculiar location to pick when discussing the origins of tropical forest ecosystems on Earth. However, the coal layers which attracted industrialists to Birmingham in the eighteenth and nineteenth centuries provide an ideal place to look at the forests of the Carboniferous – a time when Birmingham would actually have been located near to our planet’s equator. In 2016, scientists presented an incredibly significant find in the context of early tetrapod (four-legged animal) evolution.73 The discovery concerned twenty red sandstone slabs that had been sitting neglected at the Lapworth Museum of Geology since their discovery by a schoolteacher in the early twentieth century. Using state-of-the-art scanning approaches, scientists took around 100 photographs at a range of heights and orientations (a methodology known as photogrammetry) around the specimens to build 3D models of the marks left behind on the slabs. Re-examining these blocks after over a century, lead author of the resulting study Luke Meade notes how the results ‘opened a window on to Birmingham at the end of the Carboniferous’. Analysing the 3D models, what they found were a series of footprints left by increasingly active animal life on the muddy, forested floodplains during this period of Earth’s history.

Most numerous were amphibians or amphibian-like creatures. These were the first four-legged animals to emerge from the oceans and inherit the Earth – making short trips on to land as early as the Late Devonian. The warm, humid swamp forests of the Carboniferous period, and their regulation of the planet’s atmosphere, enabled amphibians to diversify in terrestrial habitats. They became the top land predators, some reaching several metres in length, consuming the available creepy-crawlies on land and fish in the swamps and rivers. Yet, like frogs and newts today, they were always forced to return to the water to lay their eggs, limiting the degree to which they could successfully colonize the land. The Birmingham footprints, however, reveal two other vertebrate groups that were beginning to walk, reproduce and form permanent land-based communities. Rare tracks of large pelycosaurs, which may have looked a bit like Komodo dragons, represent one of the first members of an ancient lineage that would eventually produce mammals.74 Meanwhile, smaller tracks show the appearance of the sauropsid reptiles.75 Initially small and lizard-like, their production of amniotic eggs, whose surrounding fluid could resist drying out on land, represented the beginning of a reptilian dominance of Earth that would include creatures as diverse as the dinosaurs, crocodiles, turtles, and, later, birds. Much of what first springs to mind when we think of animal life thus began in these warm, wet equatorial forests.

The earliest forests of the tropics completely redesigned the Earth’s surface, providing nutrients, shelter, stable soils and atmospheric conditions for lively terrestrial ecosystems that contained insects and various animals living at different trophic positions and exploring different adaptations. Within these new types of environment appeared all the main terrestrial groups of animals that we know today, captured in time by the Birmingham footprints. Tropical forests were thus the first complex land-based ecosystems on the planet. They also had a lasting impact on the Earth’s atmosphere and climate. Absorbing significant amounts of CO2 through a now expanded factory line of photosynthesis and aiding the cycling of water into the atmosphere and through the ground thanks to evaporation from larger leaves and effective root systems, they made themselves critical to life on Earth. In essence they developed an entirely new planetary order that was to host a diversity of life on land from that point onwards. Tropical forests were vital to the air breathed in by new, terrestrial organisms and the climates that they experienced, and, as we will see in Chapter 12, they remain crucial to the functioning of the various systems of our planet today. This is something we should perhaps consider more often as they rapidly disappear from its surface. Yet this does not mean that they stood unmoving. In fact, they had only just started evolving. The 3D scans of the Birmingham sandstone reveal much more than just footprints. They reveal the raindrops that fell in the humid Carboniferous ‘coal forests’ but also the mudcracks that formed in drier periods that were becoming increasingly common in basins of rivers ~300 million years ago.76 Tropical forests were going to need to change if they were to survive, as were the creatures that inhabited them. And change they did, impacting and hosting some of the most dramatic periods in planetary history that were to come.
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2. A Tropical World

Tropical forests have been on Earth for over 1,000 times longer than we have, so it is easy to act as though they’ve just always been here – timeless, primordial guardians of our planet. Their great age is even often actively used by conservation efforts, which contrast unchanged and uninhabited forests with the dangerous, destructive ‘progress’ of twenty-first-century industry and development. Even how we commonly present or talk about tropical forests in popular culture works to sweep away any ideas of transformation or diversity. Novelists and film producers are all too happy to describe or capture the same tangles of vines, the same dense undergrowth, and same dark, humid settings to represent a stock perilous ‘tropical’ environment while, as we have seen, the colloquially used word for tropical forests in English, ‘jungle’, simply refers to a generalizable ‘wilderness’. If these perceptions of static, homogeneous forests were correct, we would still be living in a world decked in the clubmoss- and fern-dominated forests of the Devonian and Carboniferous that we met in Chapter 1. Today, however, tropical forests, as a whole, are home to over half the Earth’s plant and animal species.1 This is not because they are all the same and it is certainly not because they have remained unaltered for 300 million years. Instead, over the course of their history, they have proven themselves to be just as dynamic, vibrant and geographically variable as the rest of the Earth’s environments.

What is a tropical forest? As we have already seen from Chapter 1, there are two broad ways of thinking about tropical forests. One focuses on the climatic necessities known to be required for the growth of certain tropical forest types (2,000mm of annual rainfall, minimum temperatures of 18°C, and no significant dry season for tropical rainforests, for example2). These definitions can be incredibly useful in ‘deep-time’ when exploring periods in the Earth’s history, like the Devonian and Carboniferous, when much of the world has been what we would conventionally consider ‘tropical’ in a climatic sense, and forests reliant on warm and wet conditions, once present, could extend well beyond the equator. They also provide us with a way of looking at the surroundings of the first plants and trees to have colonized the Earth (Chapter 1). Definitions focusing on necessary climatic parameters are also useful in acknowledging that the forests of the past may not have had exact modern counterparts. For example, we will see in this chapter how terms such as ‘mega-thermal moist forests’3 have been used to explore how even the most unlikely of regions could have hosted hot, wet, frost-free forest ecosystems of a type that we might expect solely to prevail in the tropics today. The movement of the Earth’s surface (and thus the ‘palaeolatitudes’ of different continental landmasses at different points in time) and changes in the planet’s climate systems4 add yet another layer of drama to the winding road of ‘tropical’ forest origins and evolution.

The second way of defining ‘tropical forests’, and the one that will be formally used when explicitly using the term in this book from now on, is ‘any forest located between the Tropic of Capricorn and Tropic of Cancer’. Although the tropical latitudes were also often the warmest, by not focusing on the climatic requirements of a particular forest ‘type’ this definition allows us to explore the vast variety of the tropical forests we co-exist with at present. From the wet lowland evergreen rainforests we know so well from documentaries on the Amazon and Congo River Basins, to the seasonally dry and thorny tropical forests in places such as Central America and Madagascar, and the snow-tipped branches of montane tropical forests that disappear into the heavens in regions such as New Guinea and the Andes.5 Although rainforests receive a lot of attention for the incredibly diverse insect communities they host,6 as well as their great apes and forest elephants,7 more seasonal tropical forests are home to equally rare, though perhaps less conventionally rousing, specialized species of plants8 and animals, such as lemurs, fruit bats and the world’s most endangered tortoise.9 Crucially, this definition also allows us to investigate varied forest ecosystems that inhabited the tropical latitudes at different points in time and how they led to the origins of the tropical forest ecosystems that exist there in the present. We are able to chart a course, from the equatorial Carboniferous ‘coal forests’ we met in Chapter 1 to the first closed canopy Neotropical rainforests that represent the origins of ecosystems that have made the Amazon Basin one of the most renowned homes to tropical forests today.

Long-term tropical forest evolution, and its significance for the emergence and diversification of life on Earth, is a story of change. The first complex tropical forests, emerging under warm, moist conditions at the equator, had already played a role in the permanent alteration of the Earth’s systems and the appearance of some of the first land-based animal life during the Carboniferous. But this was by no means the final word. To truly understand how and how far tropical forests have impacted the various evocative life-forms that have graced our planet in the last half a billion years, and to truly determine the degree to which they managed to extend their roots into the functioning of the Earth’s atmosphere, climate, and nutrient cycles, we must now investigate how they themselves went on to change. This chronicle is one of ongoing shifts in global climate and, significantly, the crunching process of continental drift and plate tectonics. It is key to the evolution of all plant life and to its increasingly permanent seat at the table of atmospheric, geological and climatic change. So, without further ado, let’s begin our tour of tropical forest evolution and dynamism. While the Devonian and Carboniferous both represented major ecological accomplishment for arboreal life-forms, tropical forests, not for the last time, were about to grow headlong into catastrophe.

Given the variety of life that we met beneath their canopy in Chapter 1, the Carboniferous ‘coal forests’ that covered the continental landmasses at the equator could already be considered a highly successful evolutionary experiment by ~300 million years ago. Nevertheless, the final coalescence of the world’s continents into a single super-continent, Pangaea, ~330 million years ago began a slow shift towards a warmer and, more significantly, drier planet, that would completely overhaul the vegetation communities of the tropics, and beyond. So severe was the resulting ‘rainforest collapse’, as it has become known, that it is argued to have led to one of just two mass extinction events ever recorded for plants in the fossil record10 (by comparison animals have faced five mass extinction events, and may soon be heading for their sixth …11). Tree and tree-like species that had begun to dominate the earliest ancient forests, such as clubmosses, giant horsetails, and the immense cordaites we met in Chapter 1, gradually disappeared from the fossil record, with the number of tree families slashed in half by the time of the Permian (298.9–251.9 million years ago). Not only did species change but, by the start of the Triassic period (251.9 million years ago), forests in all forms had almost entirely disappeared from the face of the Earth. Amazingly, this was the only point in time, from the evolution of the first tree until today, that forests have been practically absent from our planet’s surface.12

As these forests had already inserted themselves into the Earth’s systems, knock-on effects were inevitable. Anchoring trees were
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The Pangaea super-continent and the process of its break-up over time. The ages of the geological periods are given according to the latest ‘Geologic Time Series’ of Gradstein et al.29
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A tentative map of the Cretaceous latitudinal expansion of angiosperms from the tropics and sub-tropics based on pollen assemblages evaluated by Coiro et al.,30 as well as additional evidence for Cretaceous angiosperm pollen in southern Laurasia. Note that this image refers to records of approximate angiosperm first appearance in the pollen record rather than angiosperm dominance of ecosystems which, particularly for the higher latitudes, only occurred around 60 million years ago as noted in the text.
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