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Preface to the second edition


It is now fifteen years since Biodiversity: A Beginner’s Guide was published. In the intervening period, in one sense so much has changed and at the same time little has changed. We are still losing and damaging biodiversity, but now faster than ever before – the pace of change has accelerated. Previously, to the nearest approximation every species was an insect. Now it is becoming clear that to the nearest approximation every ‘species’ is a microbe. The importance of viruses to biodiversity is clearer than it ever was in the past – what they are, how they work, and how they originate and evolve – and not just because of SARS-CoV-2 (the name of the virus, not a bacterium, whereas COVID-19 is the disease), although admittedly that’s been difficult to miss. And while the general format of the book is roughly the same, it has had to change to accommodate not just new and updated material but new ways of thinking about that material and what it means.


And while the purpose of the book is essentially the same, to act as a beginner’s guide to biodiversity, the way that aim is now approached is slightly different – more than ever I see this as a book hopefully to astound, but also to shock the senses, challenge thinking, and to whet the appetite for greater and deeper knowledge and understanding. That is why the reading list has been greatly expanded, to act as a gateway to the academic or further study of biodiversity, at school, university or at home, and as an introduction to the wealth of books that are already out there and to bridge the academic–popular divide.


My thanks to Mark Lord-Lear for reading and commenting on early versions of Chapter 6, and to Jon Bentley-Smith, of Oneworld, for his excellent editorial assistance, and for that greatest of editor-virtues, patience tinged with empathy. Thanks also to all who wrote to me suggesting changes, additions and corrections to the first edition – I have tried to make sure I’ve incorporated or addressed them in this new edition. As with the first edition, this new text will not always satisfy everyone, particularly those whose research speciality is an area of biodiversity that I barely touch on, don’t include or, even worse, that they don’t feel I do justice to. I don’t believe any one person could produce a comprehensive book on all of biodiversity, even if we could agree on what biodiversity is in the first place. Instead I have tried to tell not the, but a story of biodiversity – what it is, where it is, how it got here, how we value it, how it’s threatened, how it can be maintained – to tell it as a story that interests me, in the hope that it may interest others too.










Preface to the first edition


It is said that books are best written in community. Over the past fifteen years I have been extraordinarily fortunate in the scientists I have worked with or for. They have made a lasting impression on what I know and believe about biodiversity, and this book would not have been written without their input in so many ways. Thanks to Lorraine Maltby, Phil Warren, Dave Morritt and Kevin Gaston for providing such a stimulating environment in which to work and think when I was at the University of Sheffield, and Kevin in particular as he opened my eyes to the notion that biodiversity is a serious science. I feel privileged to have spent so much of my time at Sheffield discussing, investigating and writing with Kevin, and I thank him for allowing me to use the same broad outline for introducing novices to biodiversity that we came up with in the Rising Sun so many years ago.


I also thank my present colleagues, the members of the Marine Biology and Ecology Research Centre here at Plymouth – Rikka, Simon, Dave, the ‘Bish’, Kath, Mark, Martin, Pete, Andy, Paul, Miguel, Mal, Kerry, Jason and Steve – for their friendship and for making going into work on a Monday morning something to look forward to; all of the postgraduate students, postdoctoral fellows and academic staff with whom I have had the honour of adding just a little to our knowledge of what biodiversity is and how it works – Sally Marsh, Kirsten Richardson, Jeanette Sanders, David Johns, Tony Hawkins, Steve Widdicombe, Nick Hardman-Mountford, Mike Kendall, Nikki Dawdry, Jenny Smirthwaite, Kate Arnold, Lucy Dando, Emily Hodgson, Anne Masson, Sanna Eriksson, Susie Pihl Baden, Jalle Strömberg, Peter Tiselius, Jenny Cowling, Jason Weeks, Andy Rees, Mona Mabrouk El-Gamal, the inimitable Dave Morritt, Alan Taylor, Andy Hill, Stuart Anderson, Warren Burggren, Roy Weber, Brian McMahon, Peter Duncan, Katherine Turner, Alistair Edwards, Peter Spencer Davies, Maria Thomasson, Bengt Liljebladh, Paul Bradley, Angela Raffo, Hayley Miles, Ula Janas, Hugh Tabel, Tim Blackburn and the inspirational Geoff Moore who, as well as co-supervising my doctorate, first opened up to me the wonder and science which characterises the best of biodiversity as an academic subject. I am grateful to Roger Byrne and Mick Uttley, two of the sharpest minds I’ve ever encountered, for their detailed feedback on the manuscript and Marsha Filion of Oneworld who also made helpful comments on the manuscript. Suffice to say none of the above are responsible for any errors, omissions, transgression or biases that remain. Although too numerous to mention by name, I certainly owe a large debt to all my undergraduate students who have taught me so much as they caught on to how exciting and threatened our biodiversity is.


I seem to have gone through a fair number of editors at Oneworld but my thanks is no less heartfelt to Victoria Roddam from that initial meeting in a coffee shop in Bath (of all places) where the whole project kicked off, Mark Hopwood who had to badger me for so long that (unrelatedly) he gave up work and went back to becoming a student of philosophy, and finally an even more long-suffering Mike Harpley and Marsha Filion. All have been marvellous in their patience and help.


Finally, thanks to Fiona, my wife, and my children, Ellie, Ethan and Ben, for being so understanding and supportive. Ben provided the artwork for the book, more than making up for my lack of ability in that area, and for that I am grateful. And it is to Fiona, my fair one, that I dedicate this book. As she well knows, none of this would have happened without her.
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The pandemic of wounded biodiversity




Looking back, you can usually find the moment of the birth of a new era, whereas, when it happened, it was one day hooked on to the tail of another.


John Steinbeck, Sweet Thursday






Biodiversity – what was that again?



Until recently global climate change was never far from the news. There was talk of setting and reaching emission targets, and global school strikes, and international meetings to agree ways forward, all of them receiving good air time. Biodiversity was there too, but more in the background, belying its importance. However, at the beginning of 2020 both climate change and biodiversity seemed to disappear from the scene in the wake of the COVID-19 pandemic as the world struggled to work out how to respond to this new and global threat.


Even in the early months of the crisis, it was mooted that the appearance of SARS-CoV-2 was linked with biodiversity and particularly with biodiversity loss. Of all emerging infectious diseases in humans, 75% are transferred from animals to people – what we refer to as zoonotic diseases. Pathogens (microorganisms that cause disease) are more likely to make that jump where there are changes in the environment, like deforestation, and when natural systems are under stress from human activity and climate change. In the midst of a pandemic that many suspected was linked to biodiversity loss, we had to face our ignorance of what the fundamental relationship between biodiversity and human health actually looked like. We are only beginning to form a detailed understanding of many aspects of biodiversity, including how life and our planet work, and the effects we are having on that working.


At the same time, tales of ecological recovery filled our TV screens and populated the newspapers – ‘“Nature is taking back Venice”: wildlife returns to tourist-free city’. Some good news in a very dark time. Biodiversity bouncing back quickly when we’re forced to let up on the stress we put it under.


What is now clear is that issues around what biodiversity is, what we are doing to it, and how we best maintain it are not going to go away, pandemic or not. Knowing about and understanding biodiversity is interesting in its own right. But more and more it is becoming clear that, no matter who you are, biodiversity matters – and because it matters it is worth knowing as much about it as possible and understanding it better, if we are to make lives for ourselves in the coming decades.


That said, trying to pin down exactly what we mean when we talk of biodiversity is challenging. It seems to mean different things to different people. Here is a word that many would agree is important to get to grips with, but which few of us, when we reflect on it, have a good handle on.


There are a number of reasonable definitions of biodiversity – over 80 of them in fact! Many have merit or offer a slightly different take on the notion. Fortunately, there is one definition that has gained international currency, signed up to by the 150 nations that put together the Convention on Biological Diversity at Rio de Janeiro, Brazil, in 1992. Here biodiversity was defined as ‘the variability among living organisms from all sources including [among other things] terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are a part…[including] diversity within species, between species and of ecosystems’. In short, biodiversity is the variety of life – in all its manifestations. This sounds quite satisfying until we ask the million-dollar question. The question that reveals the extent to which the study of biodiversity is a science: how do we measure it? This is not so straightforward. And yet it goes to the very heart of what we mean when we talk about biodiversity or when we refer to the biodiversity of a particular area, country or region. A simple illustration will help us see where the challenges lie.



A long, leisurely trip to La Jolla



For as long as I can remember I have been fascinated by the seashore and the living creatures found there. Without doubt one of my favourite locations in the whole world (rivalling even the perfect beaches of my childhood on the west coast of Scotland) is the rocky shore at La Jolla, just north of San Diego, Southern California (SoCal) (Fig. 1). Bird Rock is a beach which gives its name to a small community at the north end of Pacific Beach and at the south end of La Jolla (Fig. 2). The coast that skirts the land was recognised as an area of special biological significance back in the 1970s with the designation of the San Diego–La Jolla Ecological Reserve. This reserve is now part of the larger La Jolla Marine Conservation Area and Bird Rock itself is within the South La Jolla State Marine Reserve, established less than a decade ago.


I first discovered Bird Rock beach and its intertidal life in 1994. Carefully negotiating the uneven shore around Bird Rock, following the outgoing tide and discovering the huge variety of marine life present, particularly in deep crevices and glistening tide pools, is an unforgettable experience. The biodiversity of Bird Rock is impressive, stunning even. As Ed Ricketts and Jack Calvin say in the preface to the first edition of their Between Pacific Tides (1939), ‘our visitor to a rocky shore at low tide has entered possibly the most prolific zone in the world.’ Between the tides (and maybe just above them), and in particular those that rise and fall on Bird Rock, nearly all the different major ‘types’ or ‘designs’ of the things that characterise life on Earth can be found. Even nearby rocks contain spectacular fossils of relatives of the present-day squid, as well as clams, snails and lamp shells – the remains of ancient marine biodiversity that lived here about 80 million years (or Ma, an abbreviation we will use from now on) ago. Here we have ‘life, and life in abundance’.




[image: Illustration]


Figure 1 Location of Bird Rock in relation to other places in, or near, La Jolla (inset) and the north-east Pacific coast: 1) Scripps Institution of Oceanography, University of San Diego, 2) La Jolla Cove, 3) Bird Rock, 4) Pacific Beach, 5) Mission Beach north (the Mission restaurant), 6) Mission Beach south, 7) Mission Bay, 8) San Diego–La Jolla Ecological Reserve, 9) La Jolla deep-sea canyon, 10) San Diego, 11) Newport Beach, with the San Pedro Channel between there and Santa Catalina Island to the south, 12) Monterey, 13) Jepson Prairie, Solano County, 14) Gulf of California (Mexico), 15) Site of Biosphere 2, Oracle (Arizona), 16) Bamfield Marine Station, Vancouver Island (Canada).







[image: Illustration]


Figure 2 Bird Rock with the tide receding (November 2018 © John Spicer).





So let’s return to where we started, ‘How do we measure biodiversity?’ and in this case let’s say the biodiversity of Bird Rock specifically. How do we go about answering this question?


Could simply counting how many different types of living things there are do? This sounds like a possibility – but it’s no mean task. It could potentially take not just weeks and months but years, maybe tens of years, even for such a small area – and that’s leaving out all of the land animals, plants and microbes that form the larger landscape that is La Jolla. It is just about conceivable that for most of the largish marine animals, seaweeds and maritime plants we could put this list together. The California State Water Resources Control Board carried out a survey of life on the intertidal rocky shores within the San Diego–La Jolla Ecological Reserve in 1979. Close to Bird Rock they recorded fifty-three animal, nineteen seaweed and one flowering plant species, a total of seventy-three. This is a good start but still a huge underestimate of what is there, even based on my own visits. The marine life of these shores is, compared with similar beaches in other countries, relatively well known. This is largely because of the efforts of Ricketts and countless other marine biologists and naturalists, including those who have worked and studied (and still do) at the world-leading Scripps Institution of Oceanography, just north of Bird Rock, in La Jolla. However, for many microscopic animals, plants, fungi, bacteria and viruses our current information, while growing, is sketchy at best. It’s not just the process of finding them that is problematic either. Many of these little specks of life are yet to be described, let alone the number of different types counted.


Even if it were possible to count the numbers of different types of living things, would such a list really be a measure of the biodiversity of Bird Rock? Well, perhaps. But it ignores the fact that there are rarely equal numbers of each of the living things present. Some organisms are extremely numerous and ubiquitous, while others are rare or only occur in particular, sometimes very localised, areas. In most cases, their numbers fluctuate throughout the year, or over even greater timescales. Periwinkles are absolutely everywhere, sometimes in large piles. Octopus can be found but there are not as many individuals as the periwinkles. Microbes may occur in tens of millions, outnumbering everything else many times over. Surely biodiversity must encompass not just differences but the actual numbers of different things present? So is it all about numbers or is it about difference – or is it both?


Up until now the differences we’ve considered are based on what an organism looks like and how that separates it from others. It doesn’t take into account other differences that may be equally, maybe even more, important. Differences in genetics (the study of genes and their constituents, their heritability and variability) could be used to estimate how many things are there irrespective of whether they are big or small, identical in form, or difficult to tell apart. We could also use differences in the way individual types of organism ‘work’. For example, how they acquire energy and what they do with that energy to maintain themselves. Also, what they actually contribute (if anything?) to the working of the living community to which they belong. We know that at Bird Rock limpets and sea urchins, two totally different types of animal, can do the same sort of thing – they do what cows do on land, they graze. Maybe taking into account what species do in an area is the key feature in any measure of biodiversity? And then there are the interrelationships between species. There are predators (the eaters) and there are prey (the eaten), for example. And what about the many thousands of parasites that live within the microbes, animals and seaweeds on the beach? In fact, there are a multitude of ways in which species and even groups of species influence other species or groups. And shouldn’t the way living things work and interact, and the sum total of that – how an ecosystem functions – be more central to any measure of biodiversity we use? If we do take such a big-scale approach, what functions do we choose and why? And where do we factor in how visitors to the area interact with the living things on the beach, and how Bird Rock as a community of humans impacts on this small ecosystem, and how the beaches nearby, and the deep-water canyon nearby and all their inhabitants impact and influence the beach? And what about…and what about…and what about.


If you’ve been following all this, you may now find yourself at a mental crossroads. This is a well-trodden path. It is a place where many scientists, philosophers and theologians frequently find themselves. A place we will return to time and time again in the pages that follow. You can go down the ‘oh, but the world’s a complicated place’ path: this grows into the ‘we’ll never get to grips with it’ road, which leads to a comfy armchair, subdued lighting, a stiff drink, and an abandoning of intellectual pursuit and its travelling companion hope. Or you can opt for the ‘okay, it’s complicated, but…’ path: a path where you may never find the truth (easily more difficult to define than biodiversity), but you are happy to settle for slightly less if it prevents you from stalling and keeps you walking, moving forward. The truth is there is no one way of measuring or quantifying biodiversity. We cannot measure the biodiversity of Bird Rock, or any other stretch of coastline, or of the ocean,* or of our planet for that matter. We can talk and think about the notion of biodiversity, but we cannot measure it – we can only measure selected aspects of it. Don’t despair though. It may not be ideal – but even this is a good start.



Directions



To put together any beginner’s guide to biodiversity, drawing on current scientific knowledge and understanding, much of our time will be spent looking at measures of biodiversity and how those measures change in time and space. Some measures will be better, or more appropriate, than others. In many cases we will find that the measure has been decided for us. Scientists often have to rely on the total number of species, the species richness, in a given geographical area just because that is the only information available, or likely to be available in the immediate future. Much work has gone into producing alternative measures. But given the data we already have in scientific literature and museums, the relative ease of putting together inventories of different types of organism, particularly for very large areas, and the fact that it often reflects or incorporates numerous aspects of biodiversity that we’ve already discussed, species richness is not a bad measure. So much of what follows will use biodiversity and species richness almost as interchangeable terms – but not all the time.


There is no one way to write a beginner’s guide to biodiversity. It could take the form of an all-singing, all-dancing panoply of the wonders and beauty of living things. It could be an encyclopaedic catalogue of the variety of living creatures and the places they live. It could focus on how to preserve biodiversity. Or it could combine aspects of all three with different emphases. So, what will be the approach here? It is an old, but I think insightful, idea that the only way you can ever say anything general and all-embracing is by starting with something tangible, specific, familiar, local. For example, over a hundred years ago ‘Darwin’s bulldog’, Thomas Huxley, used the humble crayfish for the title and subject of a book he wrote to introduce interested readers to the general study of zoology. He used aspects of crayfish biology as illustrations, as jumping-off points to explore broader aspects of all animal life. In that same vein, throughout this book I will use the beautiful shores at La Jolla and aspects of my own experience, as a way into some of the big biodiversity issues and patterns. In that respect this is a very personal book.


What will be the key features of this beginner’s guide? In the next chapter we ask: How many species are there currently on Earth and how are they distributed between the different large groupings of organisms we presently recognise? What are these large groupings and how have we ended up with them? This will involve asking another thorny question – what is a species anyway? In Chapter 3 we will see that biodiversity is not distributed evenly across Earth’s surface. There are hotspots and there are coldspots. We will try to visualise the current patterns of biodiversity (or at least measures of that biodiversity), in particular how the number of organisms varies with latitude, altitude and depth. That should take us neatly on to the fourth chapter, where we delve briefly into the origins and development of biodiversity, concentrating particularly on the ups and downs of the past 600 million years. We’ll enter into a debate on the origins of biodiversity that goes to the very centre of what we think about ourselves and the organisms with which we share this planet. Much of our attention will be on extinction, both past and present. We will briefly introduce what looks set to be a new geological era, the Anthropocene.


Up to this point in the book, biodiversity is discussed, at least as much as possible, as an objective body of scientific knowledge. But part of the reason we find it difficult to get a handle on the term is because, in the minds of many, it is a value-laden concept. Think about it. Because we have to rely on measures of biodiversity, and the measures we pick often reflect what it is we value about biodiversity, how could the whole subject not be value laden? So the remainder of the book is devoted to the threats to and value(s) of biodiversity, and in the case of the latter, including direct and indirect monetary value. The main direct (proximate) threats are introduced and illustrated before particular attention is paid to one of the main indirect (ultimate) drivers – us. We will consider attempts by economists to cost the Earth and its services (i.e. what it does for us); a project by scientists to create a living life-support system for eight people; a current scientific controversy on how many species we actually need; and a survey of philosophical and religious thought on the place of biodiversity, and nature in general, in our thoughts and beliefs. The penultimate chapter leads on from talk of value to what have we done, and what are we doing, to maintain biodiversity globally. We’ll also ask the question, ‘When it comes to maintaining biodiversity, what have we achieved?’ The final chapter, for me, draws the whole book together, but in other ways it’s optional. It is a personal view of what all of this biodiversity stuff means, and what we can do about it.


I’ve tried to make what follows quantitative rather than go for the ooh-ah factor. After all, the bread and butter of science is what you can measure or quantify in some way. That is not to say this is all that I personally value about biodiversity – facts and figures, calculations and guestimates. I have felt the wonder of peering down a microscope for hours on end watching an embryonic shrimp develop, the separation of its cells, witnessing its first heartbeat; experienced the numinous presence, the awe-filled delight, of trekking through the holy ground that is an ancient redwood forest. I am that calm, collected university professor who, with their students on a field trip, ends up being the object of bemused attention as he bellows, ‘Look, there’s a fin whale – it’s a fin whale – oh!’, just like a giddy school kid. But this is not the time, or the place. The majesty and wonder of biodiversity is always better ‘felt than tell’t’. But just now we live at a time in history when, I suggest, our living world will at best diminish and at worst change out of all recognition. It is good to try to get a handle on the facts of the matter, to help inform our thinking about and feel for biodiversity, and what we should do about it.


This beginner’s guide to biodiversity is aimed mainly at those with little formal training in biology. It is for those who want to find a way into some of the most interesting biology questions, and some of the most pressing biodiversity issues, of our time. And be sure of one thing. If I am successful, this book is just a way in – I don’t think it’s any longer possible to produce a short, comprehensive introduction to biodiversity, a subject which, when you think about it, encompasses just about everything you can think of, and probably a lot more besides. For some readers such an introduction will be good enough. For others they will want to move on from this ‘way in’ to engage with more detailed or wider accounts and investigations of aspects of biodiversity. For yet others there will not be enough rigour here. They will want a more balanced, more detailed, more comprehensive (as I said, there’s lots of stuff that many would consider essential that I don’t even mention, let alone discuss), less personal account and discussion. Some may prefer a purely academic approach. For all those people I have provided a starter pack of key popular and academic books in the final ‘Going further’ section. The books are presented according to the chapters they are most relevant to. And to those who have already decided that the approach I’m proffering is not for them, I suggest putting the book down (having paid for it preferably), taking a deep breath to regain your composure, and having a look down the book list to find something that does light your candle. For those of you still with me, we’ll start by asking, ‘How many different living things are there on Earth and how are they related?’





_________


* You’ll notice that in this book we refer to the ocean, not the oceans plural. This is a recent change that is supposed to emphasise the unity of the water that covers our Earth.
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Teeming boisterous life




The true biologist deals with life, with teeming boisterous life, and learns something from it.


John Steinbeck, The Log from the Sea of Cortez






The big picture



To think of life on our planet only in terms of facts and figures, percentages and ratios is, to many of us, simply not good enough. It’s too narrow a view of how things are. And yet, if we are to come to some general consensus about the ‘big picture’ with regard to the living beings with which we share this planet, and work out what we are to make of them, we must attempt to stand back and consider the best facts available to us. We must try not to allow the many things that have been, and are, believed about life, about biodiversity, to cloud our judgement – not yet anyway.


In this chapter, and in the two that follow, we set about a short scientific exploration of life on Earth. What we want is to see clearly the big picture. Ironically, it’s quite difficult to get this big picture – even from good biology textbooks and monographs. Biology courses at high school, and university too, often focus in on detail. And to such an extent that you need a thorough scientific training to follow, let alone attempt to understand, what is going on. So, is it possible to produce a big picture that can be read and understood by just anyone that is interested? I do hope so.


We’ll start with a brief look at our planet itself and then consider in a bit more detail the living beings that inhabit it; how many different types there are, or have been, where they live and what they do.



The volleyball on Mission Beach



For most of us, getting to grips with things that are too big or too small to visualise is a challenge. How do we get some perspective on something as mega as life on Earth? Let’s start where one of my sons lives and surfs, on Mission Beach, San Diego, SoCal, just a couple of kilometres south of Bird Rock (Fig. 1). Playing volleyball is big on this beach. Each properly inflated volleyball is about 22 cm in diameter. Imagine if we could shrink Earth to the size of this ball. Our planet is 12,756 km in diameter. The ball is a 1:58 million scale model. Just under a metre away imagine another ball about a third as big as the volleyball, also lying out on the sand. This represents the moon, 384,400 km from Earth. On this scale, the sun is a giant ball, over 24 m in diameter, sitting in spectacular fashion 36 minutes’ walk, or 2.5 km, north along the boardwalk towards Pacific Beach (but stopping level with the amazing Mission Restaurant – a good idea whether the sun is shining or not). Managing to extricate yourself from the Mission, head north again. Next stop is the used-to-be-a-planet Pluto at the furthest reaches of our solar system. It would be an object, less than a quarter the diameter of the volleyball, sitting over 100 km away, or 28 hours’ hike, just south of Newport Beach. The next nearest star, Proxima centauri, at 4.22 light years away (or 9 trillion km) would defeat the most ardent hiker as it would be one fifth of the way to the actual moon. For the next planet orbiting a sun like our own (exoplanet HD217014, orbiting 51 Pegasi) we’re talking a fairly big ball twice as far as the actual moon from our volleyball on Mission Beach.


Returning to South Mission Beach volleyball courts, we pick up one of the volleyballs lying in the sand and look at it. Someone has written their name using a permanent marker. The ink mark is marginally thinner than the page you’re reading. But it’s still proportionally thicker than the space within which every living being can and does occur on Earth. All of life on Earth, and perhaps all life period, can be found within a band about 25 km thick across the Earth’s surface (550 gigatons, or 550 billion metric tonnes, of carbon worth of life), half of one millimetre on the volleyball scale of things. The region where weather happens (the troposphere) is on average 12 km high, 10 km at the poles and 16 km at the equator. So between zero and ten kilometres high is where we find all flying and nearly all land-living life, and even then it is mostly concentrated at the bottom. I say nearly all land-living life because there is life found beneath the surface of the Earth, in caves, in soils or in rocks – in fact some very simple forms of microbial deep life have been recorded, and even thrive, as much as 6 km deep underground. Water covers just less than three quarters of Earth’s surface. The average depth is 3.9 km with the deepest part being 11 km – and here too there is life. This thin band in which we find all the living beings on Earth (referred to as the biosphere) really is small and fragile in the great scheme of things. (But it does depend on what you mean by the ‘scale of things’: the mass of carbon in the biosphere is equivalent to the mass of 33,682,405 Greyhound buses, which if laid end-to-end would reach from here to the sun and back, and back to the sun again.)


Before we go on and look at how many types of living things there are, and what they are, we first have to ask the questions, ‘Can all these types be referred to as species?’ and, even more fundamentally, ‘What do we mean when we say “this is a species”?’



‘A rose by any other name’…what’s a species?



For hundreds of years the species has been regarded as the common currency of life on Earth. The way we use the term is fundamental to how we’ve understood biodiversity, at least until fairly recently. It is difficult to talk about most areas within biology without having to refer to species in one way or another. And yet, as observed by an early evolutionist, Jean-Baptiste de Lamarck (1744–1829) in his Recherches sur l’organisation des corps vivants, ‘The more our knowledge has advanced, the more our embarrassment increases when we attempt to define a species. The more natural specimens are collected, the more obvious it becomes that almost all gaps between species are filled and our dividing lines fade away.’ No surprise then that there is still much debate over this seemingly most elementary of all labels. Currently there are at least seven different definitions of ‘species’, although here we’ll only explore a few of those.



Morphological species



When most people use the word ‘species’, more often than not they are talking about the morphological species. Telling species apart has traditionally depended on noting differences in what organisms look like. For example, in the north-east Atlantic there are a number of fish that look like herring: the sardine, the sprat and the herring proper. They share a herring ‘shape’ but there are visible differences. And these differences, as long as they are consistent and if they breed true, can be used to separate the different species. For example, the lower jaw of both the herring and the sprat is consistently longer than the upper jaw, whereas the jaws of the sardine are of equal length. And the belly of the sprat has a distinct serrated edge and is strongly keeled compared with the herring, which is weakly keeled and not strongly serrated.


So biologists use a biological key to identify species. A key consists of morphological differences often organised into the type of question/answer approach that you, for instance, may have used to diagnose problems with, say, your washing machine. Start at first question – Is the ‘On’ light on? Yes – go to the next question. No – try plugging it in, stupid. Question two – Is the drum spinning? And so on. A simple key for discriminating between our three members of the herring lookalikes could be: Question 1 – Is the lower jaw the same length as the upper jaw? Yes – then it’s a sardine. No – go to Question 2. So, Question 2 – Belly serrated? Yes – it’s a sprat. No – it’s a herring. Those of you who have seen a herring and a sardine may say, ‘The herring’s dark blue on top and the sardine’s a sort of greenish-olive colour, is that not more obvious?’ Well, yes, it is – as long as the creatures are alive or newly caught. But, as is the case with many biological collections, identification is often carried out on pickled specimens. This is often the case if there is a lot of stuff to identify. And the stuff used to pickle animals, formalin or alcohol, quickly removes colour and lifelike appearance. Choosing features that don’t change after preservation such as relative lengths or numbers of structures is usually seen as the best option.


Identifying organisms in this way is both time-consuming and often requires specialist knowledge. The advent of iNaturalist, where you can take pictures on your smartphone and the image is identified for you, will potentially increase access to morphological species identification to anyone with a smart-phone. However, often you still have to use a specialist key to get a definitive identification. There have been recent attempts to barcode living things to make the process of identification easier, quicker and more reliable. This approach still sort of relies on morphology. It uses differences in the microstructure of some of the common information-containing molecules of species – the genetic substances, DNA and RNA – to classify and identify the species they are extracted from. Such differences accumulate in each of two species (derived from the same ancestor) as the amount of time they are separated for increases. Use of genetic molecules in this way is seen by some as one of the best ways of identifying and cataloguing biodiversity, although it is still considered controversial, or at least premature, by others.



Identifying species without ever seeing them



An alternative approach to estimating the numbers and identities of different living things is by analysing environmental DNA (eDNA) using high-throughput DNA-sequencing technology. eDNA can be thought of as genetic material taken directly from the environment (water or soil, for example) but without knowing what the source material is. It is an approach that could be easily standardised, shouldn’t have to rely on continuous input from experts in identification, should deal with the challenges of identifying ‘hidden’ (i.e. cryptic) species and juvenile stages, and it is non-invasive. Though still in its infancy, the technique shows promise for biodiversity work. It was first applied in analysis of sediments where DNA from animals and plants – some extinct, some still around today – was detected. It is the staple tool of microbiologists who regularly will replace ‘species’ with the less loaded term ‘operational taxonomic unit’ (or OTU). There are some major challenges ahead before the full potential of eDNA can be realised, centring on issues of contamination (and so generating false results) and the need to develop reference databases with which to compare your samples. Still – watch this space.



Biological species



Now, there are other biologists who think that even if two individuals are near identical in appearance, but live so far away from each other that there is no chance of them getting together (in a biblical way), then they should be considered separate species. So only an interbreeding bunch of neighbours would be referred to as a species, in this case a biological species. For example, Audubon’s warbler, with its distinctive yellow throat, and the myrtle warbler, with its distinctive white throat, were originally described as two separate morphological species. However, it was later discovered that their breeding ranges overlapped in Alaska and north-west Canada, and here they successfully interbreed. So what were considered two species is now one, the yellow-rumped warbler. The biological species concept feels a step up from the morphological one, but its strength is also its weakness. It is reliant on sex. So what do we do with organisms that do not have sex, like little water fleas and many microbes?



Evolutionary species



A third definition of a species is the evolutionary species: a single bloodline of ancestor-descendants, with its own evolutionary path and history. To take another bird example, there are a number of different kinds of red crossbill that may occur together, but quite literally only mate with their own kind. Each of these different kinds would be an evolutionary species. The biological and evolutionary species are, together with the cohesion, ecological, phylogenetic and recognition species, all interesting takes on how to define a species. But the bottom line is that, at this moment in time, the morphological species is the easiest and cheapest one to use, and so will probably continue to be the most commonly used, at least for large-scale biodiversity studies.
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