



[image: cover]











Dr David Hone is a paleontologist, writer and lecturer at Queen Mary, University of London. His research focuses on the behaviour and ecology of the dinosaurs and their flying relatives, the pterosaurs. He writes about dinosaurs for The Guardian, the Telegraph, National Geographic and The Huffington Post.










The Future of Dinosaurs


 


 


What We Don’t Know, What We Can, and What We’ll Never Know


 


 


David Hone


 


 


 


 


 


 


 


 


[image: TitlePg_2Line_logo]


 


www.hodder.co.uk










First published in Great Britain in 2022 by Hodder & Stoughton


An Hachette UK company


 


Copyright © David Hone 2022


 


The right of David Hone to be identified as the Author of the Work has been asserted by him in accordance with the Copyright, Designs and Patents Act 1988.


 


Cover image: Scott Hartman


 


All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means without the prior written permission of the publisher, nor be otherwise circulated in any form of binding or cover other than that in which it is published and without a similar condition being imposed on the subsequent purchaser.


 


A CIP catalogue record for this title is available from the British Library


 


eBook ISBN  9781473692251 


 


Hodder & Stoughton Ltd


Carmelite House


50 Victoria Embankment


London EC4Y 0DZ


 


www.hodder.co.uk










For Christine


Not forgotten










Acknowledgements


Special thanks to Jordan Mallon for reading the whole damned thing and making suggestions and comments on the content, at least one of which I actually followed and changed.


Also thanks to Sarah Labelle, Marissa Livius, Bryan Moore, Mathew Roloson and for discussion and feedback on the book.


Numerous colleagues helped me to obtain photos or provided them for this book and so I also thank Caleb Brown, Sara Burch, Andrea Cau, Julia Clarke, Mick Ellison, David Evans, Peter Falkingham, Pascal Godefroit, Scott Hartman, Donald Henderson, Thierry Hubin, ReBecca Hunt-Foster, Evan Johnson-Ransom, Martin Kundrát, Hans Larsson, Xing Lida, Jordan Mallon, Maria McNamara, Alejandro Otero, Diego Pol, Eric Snively, Larry Witmer, Xu Xing and Matt Zeher.


I also need to thank my agent Max Edwards, and Huw Armstrong, Maddie Price and Barry Johnston at Hodder for shepherding this work from an original idea into its final form.










Preface


Consider the Tyrannosaurus rex. This most iconic of dinosaurs is the superstar of movies, features in endless documentaries and appears in every popular book of dinosaurs (generally on the cover) that one could imagine. In your mind’s eye, I’m sure there’s already a clear picture of this incredible animal and if you know a bit about it, you probably have some details down about it, too. You may perhaps have an idea of its length, weight, height, number of teeth or top speed; if you are particularly keen, you may know of its bite power, skin texture, habitat, favoured prey species, and more.


Much of this, you may imagine, is based on some rigorous science and fossil data, or at least as rigorous as it can be, given that the last Tyrannosaurus died in the great mass extinction of the dinosaurs some 65 or so million years ago. Hundreds of papers in the scientific literature have described the sizes and shapes of bones, reconstructed the cartilage of the joints, worked out which muscles would attach where on the skeleton, identified patches of fossil skin, looked at footprints and bite marks on bones, calculated mass estimates and walking speeds, and more. We can put together a remarkably detailed picture of this animal.


More than that, in fact, we can delve into some incredible features of which even fans of dinosaurs would likely be unaware. We can look inside the skulls of Tyrannosaurus specimens to see how large the various parts of their brains were, and we can get an estimate of their range of hearing from the structure of the inner ear. There have been studies looking at pupil shape of the eyes, nocturnal versus diurnal habits, growth rate, the sex of individual animals, and how far on average they would have to travel to find food when scavenging.


Putting all of this together gives us an unparalleled picture of an animal that has been extinct for a million human lifetimes. We know more about Tyrannosaurus than perhaps any other extinct dinosaur,FN1 but we have only around twenty-five good skeletons to work from, and this creature is just one of some 1,500 or so dinosaur species currently known to science.


Even for the things we do know, we can’t compare many of these facts to other species that the Tyrannosaurus lived alongside, or that came before it. Yes, it’s amazing to have good estimates of the speed of this huge carnivore, but it is also frustrating to be unable to answer questions such as ‘could it catch Triceratops?’ when we don’t know how fast they were. Furthermore, our knowledge of rexy is still full of huge holes – we don’t know what colour it was or what its eggs or nests looked like. We don’t know if it lived in groups, if it mated for life, if it preferred forests or open environments, or if it migrated in winter. For all our technological advances, and two centuries of new data and ideas, we still know less than the basic ecologies of living beings: what parasites and diseases afflicted them, how they communicated, if they ever took fish as prey, what their internal organs were like, or even what their tiny arms were used for.


Whenever I do some kind of outreach or public engagement with science, I encounter things about dinosaurs that the public are absolutely amazed to learn scientists know with certainty, and also things they assume would be easy to work out, for which we have no real idea of the answer. It’s a curious quirk that there is such a disparity between what palaeontologists do know and what many people think we know. This book is, therefore, ultimately about what we don’t know about dinosaurs.


There are major gaps in our knowledge, but extraordinary advances in palaeontological methods and ever more dinosaur fossils promise a landslide of new data and huge leaps forward in our understanding of these incredible creatures. There are a great many issues that we are currently unable to resolve, but we have tantalising hints that we may soon be able to answer them. This book aims to bridge the gap between what we do know and what gaps there are in our understanding, but also to examine just how we are likely to fill them in the future.


Ongoing research trends, as yet undescribed specimens and still-developing techniques mean we can plot a route to the next generation of knowledge of dinosaur biology. We will make mistakes in the future, and have doubtless made some in the past that have yet to be corrected, but the inexorable progress of scientific discovery will doubtless improve on what we have now.


We know enough to spot some key gaps and have the fossils to try and fill them, but there will be exciting discoveries and some most unexpected results on the way. Based on the last two centuries of dinosaurian research, that much is certain. There are also gaps that may never be filled, or, perhaps worse, we may be able to tentatively fill them, but not know if our calculated answers are correct. We have probably learned more about dinosaurs in the last twenty years than in the previous two hundred, and are poised to take many more steps forwards in the coming decade. This book will address the recent strides made and the advanced knowledge we have of these astonishing creatures, as well as what we hope to learn in the future about these most fascinating of extinct animals.


I’d also add that while this book has been kept as up to date as possible, the field of dinosaur palaeontology is constantly advancing and remains full of contradictions. Evidence is often tantalisingly incomplete and it can mean several ideas are near equally valid, or the weight of data hangs in the balance. I’ve tried to steer as even a course through this as possible and stick to the more mainstream hypotheses (while recognising some of the more important alternatives or contradictions), but it’s impossible to cover every aspect and there will be researchers who disagree most strongly in places with what I have said. Even allowing for that, there will be other issues thanks to the advances made. While writing this book, I’ve constantly had to update multiple chapters and sections, and doubtless between the time this is signed off by my editor and you read these words, a paper or two will have come out that fills a gap I claim is unfilled, or overturns a hypothesis I had advocated as being correct. This is inevitable, science advances after all, but be warned that for all my best efforts, this book will retain or even develop controversy as research continues.


A common accusation levelled at scientists is that they are always changing their minds, as if this is somehow a negative. The oft-rephrased (and never quite certainly attributed) quote of John Maynard Keynes is most apt: when the facts change, I change my mind. Regardless of the original source or correct wording of this statement, it is of course the correct approach to take. If old analyses are shown to be flawed or problematic, or if new data comes to light (an obviously very common phenomenon in palaeontology), then the weight of evidence can shift.


Given the huge gaps in our knowledge of dinosaurs, it should be little surprise that the weight of evidence will often shift (and on occasion lurch back again) on key subjects, even some where we thought we were confident about the results. It can be frustrating, but it is a sure sign that we are learning and the science is getting better, not worse.










Introduction


In any kind of description of the history of a scientific field, there will be a fundamental narrative of uncertainly giving way to fact and theory, with unknowns and gaps in our knowledge being filled in and worked out. But perhaps inevitably, for every fact to hand or inference that can be made, there is another that was unknown or uncertain. Filling in one gap only tends to reveal another question that could not be answered, or perhaps even conceived of being answered, before that was known. Palaeontology is no different, though when dealing with dinosaurs, the pieces filling in those gaps do tend to be rather large.


In the late 1700s and early 1800s, a series of palaeontological finds of giant reptiles across the south of England heralded the beginnings of a new understanding of the bygone Earth. These animals lived in ancient seas and were soon christened with a barrage of now familiar names – Ichthyosaurus, Plesiosaurus and Pliosaurus, and less familiar ones such as Temnodontosaurus, Opthalomosaurus and Cryptocleidus. Plenty of fossil animals had already been discovered at this point, but these were primarily those of well-known living groups of mammals like elephants and hyenas, or shelly fossils like ammonites, which had obvious relatives in living squid and cuttlefish.


But now there was inarguable evidence of major types of animal unknown in the modern world, and from a geological era where many familiar animals such as birds and mammals were apparently absent. These finds indicated that there had once been an Age of Reptiles, something quite unlike anything that scientific minds of the time might have imagined. This proved to be a sensation, with the learned public flocking to hear lectures on these amazing new animals from the scientists of the day.


This was a time of great growth of the natural sciences in Europe. Although Charles Darwin’s grand theory of evolution by means of natural selection was still decades from publication, the ideas of species changing over time, and that species or entire groups could have gone extinct and were no longer alive, were under discussion in scientific circles. New discoveries in biology, chemistry and physics were fuelling new concepts about the world, and entire fields such as geology were being established. The hearts of the great continents in the Americas, Africa, Asia and Australia were being explored, and old fables were being banished as new information made it back to the learned societies of London, Paris, Berlin and others. It was a near perfect time to investigate whole new groups of extinct animals.


Before too long, great reptiles that had lived on land started to be found and recognised, in addition to those from the seas. Not for them the sleek shapes, paddle-like fins and tails of the ocean-going animals; instead they possessed more normal reptilian walking limbs, which pointed to a terrestrial lifestyle. Although these were initially known from only a few, very fragmentary pieces, but researchers quickly realised that they were an entirely new group of animals. They were christened with the name ‘Dinosauria’. Despite this is commonly translated as meaning ‘terrible lizard’, a more accurate version is probably ‘fearfully great reptile’, which better captures the spirit of how these animals were perceived.


When it was published in 1859, Darwin’s On the Origin of Species gave the naturalists of the time an evolutionary framework to understanding life on Earth both past and present. Indeed, this was a time when the fields of geology and palaeontology were very much in their infancy.FN2 Science was all about discovering new phenomena, new species, new elements, and identifying physical laws, and despite the huge efforts in all of these areas, the scaffold for understanding the past was still, at best, very limited. Add in a healthy dose of biblical literalism – since many naturalists were trained by, or even ordained in, the Church – and these infant sciences can be forgiven much for their early errors and confusion.


Even so, what stood out early on was twofold: that so much information could be derived from so little data, and that so much more remained to be resolved. This apparent paradox is to be a running theme of this book; people seem to be consistently amazed at what palaeontologists are able to work out about dinosaurs from the limited resources of the fossil record, while being equally amazed at things that are unknown.


The second dinosaur


The famous Iguanodon serves as an example of what could be elucidated at the time from very little. This was only the second dinosaur to be named (the first being Megalosaurus), the honour going to an English doctor named Gideon Mantell, who had become fascinated by all things fossiliferous in the south of England. Although the Megalosaurus was originally known only from a small number of somewhat leaf-shaped teeth, these alone were enough for Mantell to work out quite a bit about his animal.


First off, the sheer size of these – some were several centimetres long – meant that they must have come from a large animal. Second, they were almost certainly from a reptile, given both the serrations to the edges (very common in reptiles, and almost unknown in mammals) and the fact that they were from a time known to be dominated by reptiles and devoid of large mammals. The teeth also had long roots, implying that they sat inside sockets in the jaws. This feature separated them from most other reptiles (though is seen in crocodiles), where the teeth are all but stuck to the jawbones and lack roots, but this aspect seems to have initially been overlooked.


Finally, the overall shape of the teeth, and especially the nature of the serrations, were very similar to those of various herbivorous lizards alive today. In particular, these were near identical to the modern iguanas, thus the origins of the name – Iguanodon, meaning ‘iguana tooth’.FN3 The wear on the teeth showed that the animal probably ate tough plants and these, and indeed large herbivores generally, are rare in aquatic systems. Collectively then, from only a few teeth, Mantell was able to work out that he had the remains of a very large herbivorous reptile, which lived on land, ate tough plants, and was like a lizard but also somewhat different. It was also dissimilar enough from other known species at the time to give it a new name, and so in 1825 he published this as: Iguanodon atherfieldensis.


That’s really a lot of information from a few teeth and shows the kind of inductive work and comparative anatomy that still stands as part of the basic toolkit of palaeontologists today. Still, it left more than a bit to be resolved, with huge uncertainties over this creature’s size and proportions. As to what its head looked like, the only thing they had to go on was its teeth, and there was virtually no real information about such things as its skin or colour.


Soon though, much of a skeleton was discovered, and what later became known as the ‘Maidstone slab’ or ‘Mantell piece’ made its way to him. Now the good doctor had more material to work with, and early descriptions of some other giant terrestrial reptiles were starting to appear, allowing for some comparisons and generalisations about them to be made. Most of these animals would eventually be identified as dinosaurs, but that term had yet to be coined, and it was not yet clear if these animals were truly distinct from, for example, various fossil crocodiles.


Iguanodon was indeed a large animal with robust and strong bones. The shape of the femur (thigh bone) was straight and demonstrated that the leg was held vertically under the body, giving it an upright posture like a bird or mammal, and not out to the side with a sprawling posture, such as a lizard or salamander. From this, Mantell inferred that these animals may have been quick, active and agile, an idea that was controversial at the time, but that turned out to be remarkably accurate from so little information.


Already, though, some details were creeping in that, with the wonderful clarity of hindsight, turned out to be in error. Mantell and his peers were sufficiently able anatomists that they could put a disarticulated skeleton back together and make some reasonable guesses about the form of missing pieces, so it’s not like there were arms mixed with legs, or tails were put together backwards. However, in his sketch of how the animal may have looked, Mantell had the hips and shoulders, while in the right places, at the wrong angles. He reconstructed his new beast as a huge and squat quadruped, and an isolated spur of bone found with the specimen was suggested as a spike on the nose, giving the large animal a rhinoceros-like appearance.


This last issue is commonly cited to highlight the mistakes of the early palaeontologists, the accusation being made that they were indulging in some extravagant guesswork when they should not have been. However, this misses a couple of vital points about the work being done at this time and how people like Mantell were drawing on the limited available information; not only from the few fossils they had, but also from the rest of the natural world, which was still being uncovered.


Dinosaurs were different in various ways to the reptiles that came before them and the living birds, mammals and lizards to which various researchers would have been able to compare them. There were always going to be some unique features that would cause confusion and, lacking any other even vaguely complete dinosaurs for comparison, it was inevitable that unique traits would be hard to interpret. Context matters enormously. These early works were the first attempts to describe some truly new animals. Given that there were so few of them, and not an enormous pile of reference works available on other species, errors were predictable, and indeed credit must be given to the scientists, working as they were with such little information.


The second point that is overlooked, especially when it comes to the nose horn, is that Mantell was doing something entirely sensible. He wasn’t comparing the larger and robust herbivore to a rhino directly, but to the iguanas. Many of them have bosses of bone on the nose, and one, the aptly named rhinoceros iguana, even has a pair of them stuck one behind the other. Mantell was well aware of this; he even included a sketch of the skull of one in a paper he wrote in 1841 and made the comparison rather explicitly. Lacking the evidence for large bipedal reptiles and stuck with an incomplete skeleton, it was entirely reasonable to propose a fully quadrupedal animal with such an adornment on the nose.


All in all, it was a brilliant start, but there was much more to come. Specimens of Iguanodon and other large terrestrial reptiles continued to accumulate, and scientific descriptions of the new teeth and bones appeared, allowing other researchers to add their input.


In 1842, Richard Owen, a legendary anatomist and the man who would later found the Natural History Museum in London, coined the name ‘Dinosauria’. It was quite some claim to suggest that there was an important new group of reptiles out there, given that the dinosaurs at the time consisted of exactly three animals – Iguanodon, Megalosaurus and Hylaeosaurs – and none of them were known from especially complete remains – but time has shown that Owen was right to recognise that these were new and should all be grouped together.


Several other animals were known at the time that would later be recognised as dinosaurs, and plenty would soon be added from other discoveries. However, this small triumvirate were enough to show that these animals truly were different and special compared to the other finds of the time. Iguanodon’s place in dinosaurian research was thus already assured, since it was the best represented of these newly recognised species. Looking back, it was a tremendous piece of insight from Owen to link these bits together as something special, but three fragmentary species, all from the south of England, would never provide sufficient information to say much about what dinosaurs were really like without much better specimens.


Happily, however, this problem was about to be greatly reduced thanks to a Belgian coal mine.


Skeletons by the dozen


In the year 1878, in the Walloonian town of Bernissart, a huge collection of dinosaur bones was discovered. Not only were there very large amounts of bones from a very large number of individuals, but complete and articulated specimens were unearthed, including the skulls. These animals were rapidly identified as belonging to Iguanodon (although it was given a new species name – Iguanodon bernissartensis), and thus between them and still more material that had been recovered in the UK, a new understanding of these animals was possible.


The nose horn was revealed to be a very unusual thumb, and presumably represented some kind of weapon. Iguanodon’s arms were rather like its legs in general form, though shorter and more slender, suggesting the animal, even if it was a quadruped, was rather less elephantine (or even rhinoceros-like) in stature and proportions. The tail was not quite as long or lizard-like as assumed, and the head was certainly not that of an iguana, however large.
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The changing face of Iguanodon over the years. Left, based on the model displayed in London in the late 1800s; middle, a typical ‘kangaroo’ pose common from most of the 1900s; and right, a modern interpretation. Illustration by Scott Hartman, with left illustration based on the work of Benjamin Waterhouse Hawkins, and middle that of Zdene˘k Burian.


 


Also novel was both the number of specimens and the fact that they appeared to have died together in a massive group (this has turned out not to be the case, and the Bernissart dinosaurs most likely represent the deaths of animals alone or in small groups over many years, rather than one mass mortality). Such a find suggested large groups of animals living together, which would again make them different from most modern reptiles and pointed to more complex behaviours among these ancient creatures.


Thus our understanding of Iguanodon took a major step forwards. Not the lumbering beast of the earliest reconstructions with the rhinoceros-like horn and huge columnar limbs (as exemplified by the famous reconstructions led by Richard Owen in London’s Crystal Palace), but a svelte and perhaps agile animal, that moved in herds. The discoveries pointed to creatures that were far from simply being large lizards, but a truly special set of animals.FN4


Dinosaurs everywhere


By this time the Americas were yielding their own great trove of dinosaurs. Whole new types of dinosaur were being uncovered across the Atlantic, and those known from only scraps in Europe were now represented by whole skeletons. At the dawn of the twentieth century, animals like Stegosaurus, Allosaurus, Diplodocus and Triceratops were well known in scientific circles and even to the public, and were the subject of huge debates and fractious discussions among palaeontologists. Dinosaurs appeared from further afield too at this time, with specimens now being found in Tanzania, India, Mongolia and Brazil (and with the imperialist attitudes of the time, these were shipped straight to Europe).


In places there was painfully little evidence available to help resolve the outstanding questions or come down on one side or other of a disagreement: for all this new knowledge and improved understanding of the dinosaurs, it was clear that there was a huge amount that we did not know about them. Were dinosaurs warm or cold blooded? Why did they die out? How did they get so big? How many different species were there? And how and why did they evolve into the plethora of forms that were already known?


Darwin’s theories were now accepted science and new ideas about evolution, extinction and adaptation were settling into the mind of researchers. New fields such as ecology and ethology would shortly arise (or become recognised as fields in their own right), giving greater context, and opening up new aspects and depths to our ignorance. while presenting new possibilities for understanding.


In this twenty-first century there are more specimens, more researchers, and more techniques and technologies available than ever before. Both our understanding and our ignorance have multiplied. It would be something of an embarrassment to palaeontologists, given the abundance of tools available to us now, were this not a golden age for research, but we are standing on the shoulders of the wealth of data previously accumulated, the power of analyses available to modern scientists, and indeed the huge amount of history that has come before.


Previous generations of researchers made plenty of mistakes, but science is self-correcting (eventually). Modern science allows us to learn from these mistakes and not make them again (hopefully). And, of course, palaeontologists of the past got a lot right and generated much of the vast amounts of data that we can use. Indeed, such is the reliance of palaeontology on original descriptions and details of specimens that it is one of the few fields in the sciences that makes regular and copious use of research published not just decades, but even centuries ago.


Dinosaurs now number well over a thousand species and are known from thousands of skeletons and many hundreds of thousands of less complete ones, along with bones, teeth and footprints, with their fossils recovered on every continent. There are specimens with scales, feathers, claws and even internal organs intact (or at least impressions of them), and eggs, nests and burrows have been found. Juvenile dinosaurs and embryos have been described and some tantalising claims of original biological material that have survived tens of millions of years, if not yet quite proven, are certainly credible.


With such information comes the possibilities that have not so much eluded science as seemed redundant. It was natural to assume that some dinosaurs were camouflaged and others brightly coloured, that some had spots and others stripes, while males and females may have been dramatically different in colour. Such features are all but universal among modern animals like birds, mammals and reptiles, so were assumed to be the case for dinosaurs. Yet with no possible way of determining the colours or patterns of these animals, the point was moot – it was not that we didn’t know the details for the dinosaurs so much that we never could know, so there was little value in wasting effort speculating about it.


There were some reasoned extrapolations that creatures like Triceratops with its advertising billboard of a shield on its head might be brightly coloured, and that smaller dinosaurs living in forests would have disruptive patterns to help hide them, but that was about it. With no way to actually test these ideas though, they remained as reasonable, but ultimately unknowable, speculations.


Now, however, the spectacular preservation of soft tissues in feathered dinosaurs from China and Brazil, coupled with high-resolution imaging, have allowed traces of pigments and patterns to be discerned for a small number of animals. In one sense we have a revolutionary new understanding of some species, and yet for every dinosaur for which we know the colour, there are hundreds that we do not. An area of dinosaur biology that used to be considered virtually beyond our grasp is now ripe with possibility. We know today that we can potentially know something, but that we do not know it – a stark shift that emphasises what we do not, and may never, know.


Many more issues of this type are coming to the fore – areas that had been abandoned intellectually as being impossible to engage with, owing to a lack of data, are becoming rich seams of research and new ideas. As each is mined and examined, yet more information is revealed and the grand framework of our understanding of dinosaurs is fleshed out a little more. Even if it is a web of information, which is more hole than strand, the fundamentals are clear. What awaits is the gaps to be filled in and we are at a time when we are likely to see many of these completed.


We will start, however, with the end.










1


Extinction


What actually killed off the dinosaurs has understandably occupied a great many minds for a great deal of time. After all, how did, how could, such large and diverse animals vanish so abruptly? There has therefore been perhaps more thought (and also more speculative nonsense) devoted to this idea than any other in dinosaur research. Yet, as with so many other fields, we know an awful lot that is certainly not true, a great deal about what likely happened, and recognise too there is more to come.


There are literally dozens of ideas out there that have been advocated in print at one time or another for the extinction of the dinosaurs. Many are, by modern standards at least, unscientific or even downright absurd. To be fair, at least some of these were probably put forwards with tongue firmly in cheek, though others are equally implausible and yet were lobbied for by serious scientists with some apparent real conviction.


Dinosaurs did not die out because as a lineage they became collectively senile and forgot how to breed, nor were they hunted to extinction by alien invaders (and yes, both of those have actually been suggested). Plenty more theories can be ruled out quite simply because, while they might be plausible under the right circumstances, they do not explain the overall pattern of loss that happened at the end of the Cretaceous. The idea that mammals ate all their eggs could potentially explain the death of the dinosaurs (if very unlikely in reality), but it doesn’t explain why crocodiles and turtles were not as badly affected, nor why the various marine reptiles that gave birth to live young also went extinct.


Other ideas are biologically unlikely, such as that a wave of diseases took out the dinosaurs. While obviously there are some nasty and dangerous infections in the world, and no doubt dinosaurs had their fair share, the suggestion that these could kill all dinosaurs everywhere more or less simultaneously (even on distant continents) is essentially impossible. Given the vast range of species involved and different environments inhabited, it’s most unlikely that all dinosaurs everywhere would have suffered to the same degree; not least when very few infections have an exceedingly high mortality rate and there are almost none that we know of that are 100 per cent fatal in a single species, let alone across thousands. Again, the idea also fails to account for the loss of other lineages on land and in water, or the survival of birds, so can be safely rejected as a reason for a mass extinction.


Plenty of these ideas came thick and fast in the Victorian era, when people were first getting to grips with the idea that organisms could even go extinct. In the early days of geological sciences, a clear change in the types of fossils in various layers of rocks was used to help identify and separate out major periods in Earth’s history. Geological formations in different places, both within countries and even between continents, could be aligned based on the sequences of various strata and in particular the fossils they contained. While most of these were done with the much more common marine shellfish such as ammonites and brachiopods, the dinosaurs and their kin had their place, too.


The ‘Age of Reptiles’ is not simply a colloquial term for the Mesozoic, but was in common use in the Victorian era as a formal name for this period. Rocks of this age could be easily identified because they would contain the bones of huge reptiles, most notably the dinosaurs on land, but also plesiosaurs and ichthyosaurs in the sea, and various other now long-gone reptiles such as pterosaurs and rhynchosaurs.


It is now firmly established that the Mesozoic Era ran from 252 to 66 million years ago and consisted of three major periods – the Triassic, Jurassic and Cretaceous (which were themselves subdivided into various categories). The relative positions were generally easy to establish, and while no accurate numbers might be in place, it was clear that the Late Jurassic came before the Early Cretaceous and that, within it, one could place certain fossils as coming before or after others. Each new find fitted the framework, and it was shown to be robust, with correlates from across continents soon to be discovered allowing us to understand, for example, that Iguanodon-being from the Early Cretaceous – came after the Late Jurassic Diplodocus, and before the Late Cretaceous Triceratops of North America.


The obvious issue was that outside of these various geological formations that make up the Mesozoic, the great reptiles were no longer to be found. They were no longer alive to be preserved in the fossil record and therefore must have been extinct. To the Victorian naturalists and ‘undergroundologists’ of the time, extinction was a fairly new concept. It had been demonstrated for the first time only at the very end of the eighteenth century by the great French anatomist Baron Georges Cuvier.FN5


The French aristocrat was an influential scientist, who had a long interest in palaeontology, and was the first to describe a pterosaur, as well as having communicated with Mantell over the original Iguanodon teeth (in a rare error, Cuvier thought they might belong to a rhinoceros, something for which he later apologised to the doctor). In his treatise on elephant bones from France, Cuvier noted that they were distinct from the known Asian and African elephants and must both represent a different species – one that was no longer alive in France, or anywhere else. Thus, he concluded, at least some species must go extinct.


At the time, the community of academics looking at dinosaurs included a number of people we would now consider to have some form of creationist view – that the Bible was there to be interpreted at least somewhat literally and that the Earth and all things living and dead were created.


William Buckland (the first person to name a dinosaur – Megalosaurus – and later a canon in the Church) was among those prominent proponents of joining up these new fossil discoveries with religious texts and suggested that the great reptiles being found were those of the ‘behemoth’ and other biblical creatures.


However, even figures such as Buckland conceded that the dinosaurs were gone by the modern age, in contrast to modern-day creationists who bizarrely claim that dinosaurs still live in the Congo or Amazon basins (or even less credibly, the US Midwest). Of course, aside from the birds (which are represented by more than ten thousand living species), the dinosaurs are clearly gone from the modern world and, despite numerous claims from fiction writers (and occasionally even scientists), they are not coming back.


There had to be some explanation for why these huge and powerful animals were no longer around, and plenty of scientists filled plenty of paper with their suggestions. These came and went as they fell in and out of vogue, or were simply impossible to prove. Numerous disasters were proposed at various times (cosmic radiation, massive floods, massive droughts, glaciation) to explain the end of the Age of Reptiles, but eventually one appeared that was both biologically plausible and had some evidence to support it. This was the suggestion in 1980 by the father-and-son team of Luis and Walter Alvarez that some kind of asteroid hit the Earth and resulted in a mass extinction.


The evidence presented was meagre to say the least: two bands of reddish and mineral-rich clay that immediately overlay the end of the Cretaceous and were rich in iridium. This is an element rare on Earth but very common in extraterrestrial rocks.


The logic was simple: a large interstellar body had hit the Earth, presumably relatively close to where the material was at its thickest, and scattered enough dust and particles into the atmosphere that bits of it could still be seen all over the world. That alone implied a huge body and a massive collision, one potentially big enough to create something of a nuclear winter where the sun was blocked out, chilling the planet and killing the plants, with the herbivores and carnivores inevitably following in turn. It would explain the global nature of the extinction and why so many disparate lineages died out and so quickly.


This hypothesis immediately caused something of a furore in geological and palaeontological circles, not least because the senior Alvarez was a physicist rather than a geologist (he won the Nobel Prize for Physics in 1968), as well as the suggestion that such a major rethink of a long-standing puzzle could be proposed based on two data points. Where, scientists somewhat reasonably asked, was the crater? A global killer would surely leave a sizeable hole in the Earth and one that might still be visible even 65 million years later.
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The K-Pg boundary in Canada: here it is a layer of clay that is several centimetres thick and is rich in iridium. The scale bar is alongside this dark band, which has bright orange flecks in it. Photo by Hans Larsson.


 


Decades of research have now vindicated the family Alvarez (and their numerous collaborators). First of all, there are now multiple sites known around the world where the red clay layer is known and this shows a clear pattern of something that centred around North America and was progressively less and less important further and further away. In addition to the iridium, the mineral layer also contains a number of other features associated with major impacts, not least something called shocked quartz, which is formed only under extremely high-energy collisions. More critically, we now have a crater, and it is largely where you might expect it to be based on the distribution of the iridium – the Yucatán Peninsula of south-eastern Mexico.


The reason why it took a while to find was the fact that, perhaps unsurprisingly given how much of the Earth is covered in water, the asteroid hit on land but the rocks were marine in origin. The pieces that were scattered around therefore gave the impression that it had landed in the sea and, for a while at least, people were looking in the wrong place. The crater itself collapsed and was filled back in, so it’s not exactly a nice clear circular deposit on the surface and is buried and largely inaccessible. But it’s the right age, in the right place, with the right proportions of various minerals, and contains huge amounts of the shocked quartz that forms from such impacts.


All of these point to the landing of a major extraterrestrial body. With the crater known, we can also begin to piece together the likely size of the impact. An asteroid several times the mass of Mount Everest hit the planet travelling many times the speed of sound. The impact would have resulted in a transfer of energy in the realm of a billion times the force of a nuclear bomb. This is the kind of occasionally jaw-dropping figure in the sciences that is hard to put into perspective sufficiently for anyone to grasp, but, with all the British understatement I can muster, it was definitely quite big.


The effects of such an impact locally are also hard to conceive. There would have been an incredible earthquake, and the very air itself would have been set on fire by the pressure and heat generated by the blast. We can expect there to have been tidal waves and floods radiating out across the entire ocean, as well as potentially the triggering of multiple volcanic eruptions and other seismic events. For thousands of miles in every direction, affecting both land and sea, there would have been absolute devastation. One only has to look at the footage of events such as tsunamis and earthquakes to see how entire regions can be wrecked in minutes, but these effects would have been both considerably stronger in effect and massively more widespread.


Anything in the immediate vicinity of the impact site, and probably anything in a radius of hundreds of kilometres, would have been killed. Entire forests would have been flattened, coral reefs or other areas both in North America and well beyond would have been utterly annihilated. These effects alone would have made many species extinct. Where a dinosaur species lived in a localised area, or was reliant on some limited resource to survive, it would have perished, but that would hardly have made a huge difference globally. However, after this initial impact and local effect (if you can call a tsunami crashing on the far side of the Atlantic ‘local’), the real long-term and global effects of a nuclear winter would start to kick in.


As a result of the dust and ash cloud blocking out the sun, the whole planet would cool, and rapidly too. Plants would start struggling or dying, meaning there was little or no food for herbivores of all kinds, and what was available would be of poor quality. With herbivore numbers dwindling, so too would those of carnivores. Add to this the altered climate, likely toxic water sources from ash and dust, and possible disrupted breeding seasons from the odd light and heat, and things would have become very difficult for organisms worldwide.


You don’t have to wipe out every member of a species directly to doom it to extinction. Take out enough individuals of a population and they simply can’t find a mate, or if they can, the gene pool is too shallow to adapt to changing conditions. Being in poor health might make them too weak to resist any diseases or parasites doing the rounds, or not healthy enough to undertake a critical migration or hibernation. They might not all be killed right away, but they can be doomed as a species, even if it may take years or perhaps decades for the last of them to go.


As more species go under or take a hit, so too will others. An insect might die off because it is too cold, but if it’s the primary pollinator for a tree, then that species is also now only marking time until it goes extinct. The chain continues: anything that relies on that tree for food or shelter will become extinct eventually, and anything that ate those who sheltered in the tree are also now in terminal decline. In this way, the damage to only a few species or populations can ultimately trigger the collapse of entire ecosystems, and huge numbers of species, slowly or quickly, will go extinct.


Thus we now have an explanation in place for the death of the dinosaurs (and many other big reptiles). As large animals, they would have been especially vulnerable – larger animals have smaller populations, need more food and take longer to mature and breed than do small ones. When a crisis hits, there might be enough food left over for dozens or hundreds of rodent-sized animals, but not even one tyrannosaur. The biggest part of the biggest mystery of the dinosaurs seems to have been solved.


Or perhaps not.


Volcanic destruction


In April of 1815, the Tambora volcano in Indonesia erupted. It was one of the largest volcanic eruptions to have taken place in recorded history. Huge clouds of ash and dust were put into the atmosphere and what followed in 1816 became known as the ‘year without summer’. Crops failed across Europe, North America and Asia, there were summer frosts in Europe, and southern Canada saw 30 cm of snow fall in June. Summers were cold in 1815, 1816 and 1817, and returned to normal only in 1818.


All of this was from one single volcano that exploded once, so imagine the effects of a whole chain of volcanoes that erupted sufficiently to produce a rock layer some two kilometres deep over an area of half a million square kilometres. These are the Deccan Traps of India and they represent the output of tens of thousands of years of eruptions across the subcontinent at the end of the Cretaceous.


As it happens, these eruptions occurred around a million years before the asteroid impact and one can easily imagine what the effects might have been, not least as they would have been strikingly similar to much of what has just been described. Dust, ash, varied temperatures, species suffering, ecosystem collapse. The asteroid impact almost certainly would have killed off the dinosaurs, but it may have been merely a timely cosmic coup de grâce for a great lineage already in terminal decline.


At various times a few studies have suggested that the dinosaurs may have been on their way out even before the asteroid struck. They point to low levels of diversity and reduced numbers of new species forming to suggest that there may have been some severe strains on the dinosaurs. This could certainly line up with the environmental pressures that might come from the Deccan eruptions. Still, the jury is very much out on this, as dinosaurs are not that numerous as fossils compared to many other animals. As a result, when there’s an apparent fall in numbers, it is hard to determine if this is a real signal or a blip caused by the limited data.


Added to that, the variations seen in at least some numbers for the timing of the eruptions versus the loss of species makes them hard to reconcile accurately, and harder still to determine if the Deccan eruptions had anything other than (geologically speaking) a short-term effect. However, it does remain a strong possibility that, had the asteroid sailed past Earth without so much as a scratch, the dinosaurs would still have suffered enormous losses – and may have gone extinct regardless, if over a longer timeframe of slow depletion.


Survivors


While we have theoretical knowledge of the effects some combination of asteroid and Deccan Trap eruptions may well have had, what remains are some fascinating questions about exactly what occurred around, and especially after, the extinction. The most basic of these questions is why did all of the dinosaurs die out? As noted above, in some ways they were rather vulnerable in generally being large animals with long generation times; being small gives you a much better chance of survival.


Small animals need only limited resources to keep going (individually and for a viable population), so what will not even feed one elephant for a week or two could keep a dozen mice going for a year. They tend, therefore, to have much larger populations with more variation, and so a greater chance that some of them will have the genetic makeup to survive. They will breed faster, which can produce still more variation, and small animals can escape into microhabitats (like into burrows or hollow trees) that can help them avoid the worst of climate changes, especially keeping warm. So while the large dinosaurs were going to be vulnerable, there were also a good number of small lineages that should not have been at such risk.


Many were not only small, but seem to have been comparable to various species that did make it through the extinction event. In particular, there were numerous bird-like dinosaurs that were small and feathered, some of which could at least glide if not fly fully. Whatever traits that led to the survival of the birds might at least have allowed a few dinosaur groups to slip over the line and keep going. To be fair, the birds also took a hammering and many bird lineages went extinct at the end of the Cretaceous, though this merely opens up another question as to why some birds survived and others did not.


A 2018 study noted that the most vulnerable bird lineages were those that lived in trees, whereas those that were more terrestrial were the ones that survived. If anything, that suggests that smaller terrestrial dinosaurs (of which there were also plenty) might have been okay, so again, it seems odd that no small bird-like dinosaurs made it.


On a related note, various groups that we think of as being vulnerable to mass extinctions and especially climate change (most notably amphibians) seem to have got through comparatively unscathed, suggesting there were places that may have been relatively untouched by these cataclysms. If so, why didn’t some dinosaurs persist there? As far as we know, dinosaurs were present and diverse in almost every terrestrial environment, so would they not also have been there in some tucked-away corner of the Earth?


This point belies a greater one: it really is unlikely that the dinosaurs (and again, so many other lineages) essentially went out in the geological blink of an eye, over a handful of generations and perhaps a few hundred, or even a few thousand, years. As shown by the survivorship of various lineages of mammals, birds, reptiles, amphibians and others, enough of the world was not so utterly devastated that various animals in various continents could not scratch together a living and survive, or even thrive.
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