

[image: Cover]






For Milly
More precious than jewels






[image: image]






[image: image]


The moth trap, on holiday in Devon






Introduction



The Moth Trap


Nature is painting for us, day after day, pictures of infinite beauty if only we have the eyes to see them.


John Ruskin


In July of 2018, for my fifty-second birthday, my wife bought me a black plastic box, two Perspex sheets, and a light fitting with a 20W fluorescent bulb. The box came flat-packed, which meant that I had to draw on my limited practical skills to intersect the tabs with their relevant slots, resulting in an open-topped cube about 50cm on each vertex. I screwed the electrics to a bar that ran across the top, setting the socket above the box but sheltered under a wide, white plastic disk. The light bulb bayoneted into the socket, and hung down. The Perspex sheets slotted in at a 45-degree angle from the rim, forming a wide, transparent slide down into the interior, ending at an opening the size and shape of a letterbox.


A black plastic box with a light on top might seem like an odd choice for a birthday present, but it was what I wanted. It sounds dourly functional. But it is also a box of enchantment, one that can conjure life out of thin air. I put it outside that July evening as dusk was beginning to fall, plugged it in, and watched the glow from the light start slowly to build. Then I went to bed, already excited, hoping the conjuring trick would work. I woke early and expectantly the next morning, and went outside to see. The box had indeed performed its magic, and there, inside, was the reveal – a scattering of jewels. A moth trap, festooned with moths.


I’d first got into moth trapping while leading undergraduate field courses to the FSC (Field Studies Council) Kindrogan centre in Scotland (now sadly closed to such trips). As a university academic, one of the joys of my job is that I get to interact with young people eager to learn. Yet it’s not only student minds that come away from field courses changed – they can be a revelatory experience for teacher and taught alike. Even students who are interested in biodiversity aren’t nearly close to knowing all the different forms of life with which they share their surroundings.


We always set pitfall traps – plastic cups sunk into the soil like golf holes – to catch ground-dwelling invertebrates, and every year I have to encourage the students not just to pick through the harvest with the naked eye, but also to use a dissecting microscope, and to turn the magnification up high. Without this, they wouldn’t see the tiny springtails that inevitably fall in. These animals are in the order Collembola, and are among the closest relatives of the insects; indeed, when I was a student, they were considered to be insects. Taxonomic orthodoxy has changed since then, and now they tend to be classified as the earliest divergent branch from the part of the tree of life that is the sub-phylum Hexapoda, of which insects are the most familiar manifestation. Like insects, springtails have three body sections – head, thorax, abdomen – with six legs attached to the thorax. Unlike insects, their mouthparts are hidden inside the head capsule. Most springtails have an organ known as the furcula folded underneath the abdomen, which is responsible for their name. When triggered, this sprung fork can catapult the springtail into the air and away from its enemies.


The springtails caught at Kindrogan pack all of this structure into an animal barely a couple of millimetres in length. This miniaturisation, combined with their unassuming habit of hiding in the leaf litter and soil, means that most students don’t know that these organisms even exist. The feeling of offering someone the revelation of an animal they’d never even dreamt of never gets old.


There was a moth trap at Kindrogan, and one summer I asked them to run it. This one was a Robinson trap – a large, bucket-like container with a ring-shaped lid and a powerful mercury vapour bulb. Moths are attracted to its light and drop into the container below, to await identification and release in the morning. It was sited in a purpose-built shed on a grassy bank looking east over the River Ardle. On that first June morning the students and I were torn between crowding in to examine what the trap had caught, and hanging back through fear of crushing the delicate insects underfoot – many moths are lured to a moth trap but don’t quite make it inside. Most species sport the colours of camouflage, and it takes some time to get one’s eye in to spot them in long grass.


For some moths, greens predominate, for a background of summer leaves. Others are mainly brown for wood and stone. The lemon yellow of a Brimstone Moth blends surprisingly well into darker tones of grass, especially given the brown patches that dot the leading edges of its wings to break up its shape. Clouded-bordered Brindles have a similar strategy to disrupt their outline, and their shades of brown render them shadows between the stems. Even the monochromes of the Clouded Border are hard to spot among sparkling drops of dew.


The shed itself was dotted with insects too. The long white wings of a male Ghost Moth were aligned with the grain of a board. A Coxcomb Prominent sat in a gap between walls and roof, looking like a sycamore key that had become lodged as it fell. A Gold Swift stood out boldly against the grey planking. And then when we opened the trap – a cornucopia inside. Buff-tips, Hawks, Carpets, Waves and more. I couldn’t identify them all – not then – but I could see what a proliferation of species we’d summoned. The trap had given us all a glimpse of unexpected biodiversity, in a country I thought I knew well.


Arriving back at King’s Cross after a week out with a group of students is always a time of mixed feelings. Home is just a handful of tube stops away, with a weekend of much needed rest, sleep and family time awaiting. Fully immersive teaching with long days in the field is exhausting. But being back in London is always accompanied by an ineffable feeling of loss.


After a week spent in the pine forest and mountains surrounding Kindrogan, the city has become an impossible accretion of brick and people, of air and noise pollution. Senses that have come alive in the highlands have to be dialled back down to cope. The journey from Scotland to London takes one through decades of biodiversity loss in a single day, and feeling that loss takes a toll.


If you live and work in a city, it’s easy to feel detached from nature – but it’s still there if you look. Hampstead Heath is a short walk from my London flat, and the diversity of life it supports is surprising. It often helps to adopt the viewpoint of a five-year-old, getting down on hands and knees, face close to the ground. Even the areas manicured for sport are home to more than just grass. Broad-leaved plantain and knotgrass make a living there, lying too low for the blades of the mower. Just a couple of metres away, where the Heath rangers leave the field uncut, the grass grows tall enough to flower, resolving the stems into fescue, cocksfoot and foxtail. Yellow buttons of meadow buttercup mix with the white of clover. Common vetch drapes itself across the grass, and creeping thistles lie low, if not yet flagged by their flowering spikes. Picnics in the long grass here need care. And of course, the plants themselves are al fresco dining for a variety of animals. When it isn’t raining, butterflies transect the field, and bumblebees and honeybees make beelines from flower to flower. Caterpillars and grubs chew on the leaves, burrow their way into grass stems and thistle buds, and even mine their way between leaf surfaces. Look up and you may see a bird of prey overhead – a Kestrel frequently hovers over the slope here, but Common Buzzard, Red Kite, Sparrowhawk, Peregrine and Hobby all hunt over the Heath. An early morning visit might produce a Red Fox trotting away to cover. More likely mammal sightings are Brown Rats, or their arboreal cousins the Grey Squirrels.


Even a short walk can be hard to snatch, though, against a backdrop of work and family. I miss those opportunities for escape. It was something I was feeling especially keenly at the end of that last trip to Kindrogan when the obvious hit me: I could make nature come to me. Why wait for a year to run a moth trap again?


My birthday trap was a lightweight Skinner, entry-level, with an actinic bulb as light source, run off mains electricity. It was sited in our only outside space: 10 metres off the ground, on the roof terrace of our flat in the London Borough of Camden. The terrace overlooks some mature gardens, facing a line of tall limes, with large cherry and pear trees in sight. Yet, this is very much an urban location, in an area not short of other light sources. Before that first morning, I wondered whether this restricted patch of green would house any species of moths, and, if it did, whether any would find their way into the trap. Happily, the answer to both questions was yes.


Experience in science tells us that answers to questions simply lead to more questions: as the sphere of knowledge expands, so does the area of the interface between known and unknown. So it was, too, with the moth trap. The most pressing new question that first morning was: what were the identities of all the species that had appeared in the box overnight? This was not a trivial task – there were more than eighty moths to pick out and identify. Giving things names matters. It is how we begin to quantify our experience of the natural world. The moths themselves aren’t knowledge yet. The first step is to resolve them into their constituent species.*


As we will see, our knowledge of most groups of species in most parts of the world is decidedly poor – we are just beginning to describe the diversity of organisms with which we share the planet. Yet, there are some notable exceptions, one of which is British moths. Britain is blessed with some excellent field guides to these insects, beautifully and expertly illustrated with paintings and photographs that depict almost all the species found here. Even with these guides, though, it takes time to get one’s eye in. Different species prefer different habitats, and fly at different times of year, and these ecological details are not apparent simply from looking at pictures in a book. The field guides have this information, but there are hundreds of pages of text to leaf through. It’s a slow process. Fortunately, again, the UK moth trapper is blessed with additional support. Type ‘What’s Flying Tonight’ into an internet search engine and it will link you to a web page that uses your location and the date to produce a list of the species most often recorded there and then. Each comes with photographs and a calendar bar showing when in the year the adults are on the wing. It’s based on millions of moth records logged by the charity Butterfly Conservation through their National Moth Recording Scheme, a wonderful application of accumulated scientific data to the public appreciation of biodiversity. Still stumped, one can go to social media, where experts are happy to help you identify all sorts of animals from photographs – moth novices can ask @MOTHIDUK for assistance (but please consider a contribution for this service if you can). Even with all this help, though, some moths cannot be specifically named without dissecting their genitals, and must simply be logged as a part of an ‘agg.’, to denote that they belong to an aggregate of species that are inseparable without the skills of the specialist. I am obsessive about identifying animals, but (so far) draw the line at killing them to satisfy my obsession.


That first morning on my terrace, I began, slowly, to match species to their names. The Dun-bar and Knot Grass. Tree-lichen Beauty, Gypsy, Jersey Tiger. Pale Mottled Willow and Dingy Footman. And most aptly, the Uncertain – most of the moths started with this label, but only two finished with it (adults of this species are very similar to others that fly at the same time of year. More of this anon). Finally, after a good chunk of the morning, I’d assigned eighty-two individual moths to twenty-eight different species.* All these animals had appeared as if by magic on a small roof terrace in urban London. The entomologist and writer E.O. Wilson, who coined the term biophilia to describe the innate affinity people have with the natural world, noted that ‘Every kid has a bug period … I never grew out of mine.’ That morning, I grew back into mine.


We have given names to more than a million different animal species, but this is certainly only a fraction of the total. Estimates of global animal species numbers range from three million to one hundred million, depending on the method used to extrapolate from those species that are currently known to science, but seem most likely to be nearer the lower end of this range. One credible recent study calculates just shy of eight million species. This is phenomenal diversity, when as far as we know the presence of even one living species sets our planet apart from all others. Yet, of all animal species so far named, roughly one in ten is a moth – around 140,000 species in the Order Lepidoptera. One in nine really – another 20,000 or so Lepidoptera are butterflies, which we distinguish colloquially, but which are just a sub-group of moths that have taken to flying by day. The true number of moth species worldwide is likely to be far higher – most species are found in tropical forests, which remain poorly explored in comparison to the temperate latitudes in which most scientists and taxonomists live and work. Why then, given all this diversity, had my trap pulled twenty-eight species of moth out of the London undergrowth? What was it that determined twenty-eight? Was there anything that could be done to increase that number? And what would happen if we tried to bring more species into the local environment – would I end up with a richer catch, or would present incumbents simply be squeezed out? What about if we took some species away – would other species move in, or would our local moth community just be the poorer?


There were twenty-eight species in my trap, but eighty-two individual moths. Almost a third of the catch comprised just two species – the Tree-lichen Beauty was the most numerous, with thirteen individuals, but the Jersey Tiger was close behind with twelve. Add in the Dun-bar (eight), Riband Wave and Codling Moth (six of each), and five of the twenty-eight species accounted for more than half of the moths caught. Most species were represented by ones or twos. Is that typical?


Could the species I caught live elsewhere – indeed, do they? The two most common species in the trap that morning were ones I’d not seen in Kindrogan, which suggested that something was different between these two locations. The habitats around the trap – Camden and Kindrogan – were obviously quite distinct, but perhaps it was just down to geography – do we expect to get the same set of moths in the trap if we shift it 700km, or not? And what does it tell us if we do? The different sets of moths in Kindrogan and London could also be just an issue of the time of year – spring and summer come later to Scotland than to south-east England, so maybe the Kindrogan trap would be full of Tree-lichen Beauties and Jersey Tigers come August?


No species is an island, entire of itself. All animals must consume to survive, so the presence of food is important. Moths are holometabolous insects, which means that they develop through a life cycle of egg, larva (the caterpillar stage, which is split into a variable number of instars,* punctuated by shedding of the hard chitinous exoskeleton to create room for expansion of the body and allow onward growth), pupa (or chrysalis, in which the miraculous transformation from caterpillar to moth takes place) and finally adult. Most consumption is done by the caterpillar; this must start out being able to fit inside a tiny egg, but then accumulate enough raw material to effect the metamorphosis to an adult capable of laying eggs of its own (up to 20,000 in some cases). Most caterpillars are vegetarians, but their tastes vary enormously. The Lesser Broad-bordered Yellow Underwing has a mouthful of a name, but the list of plants its caterpillars will eat is much longer – from dead-nettles, docks and mayweeds, to sallow, hawthorn and blackthorn. The Marbled Beauty, on the other hand, develops on lichens, which provide slimmer pickings, and do not do well in polluted areas. Both species were on my inner London roof terrace that first morning of trapping.


Moths are consumers, but also often the consumed. They are links in the web of life, parts of the habitats they occupy, but habitats themselves, for communities of predators and parasites. The moth trap can illustrate this. It sometimes attracts wasps – the colloquial yellowjackets – especially in autumn, which can bring tension to the morning’s proceedings. Yellowjackets are important predators of other insects, doing a largely unheralded service as pest controllers in gardens and crops. They often buzz in to try their luck with the moths resting around the trap. Other wasps are also drawn to it too – parasitoids, that lay eggs in the bodies of caterpillars, hatching to eat the host alive from the inside. Sometimes moths are both consumers and consumed: those Dun-bars I caught grew up as omnivores, feeding on leaves but sometimes also on the caterpillars of other moths. What effects do all of these interactions have on the populations of the moths I was catching? Are moth numbers determined by what they eat, or by what eats them?


There is an extensive and venerable branch of science essentially devoted to these questions. This is the science of ecology, which has been my career for the past three decades. I’m deeply interested in questions relating to the abundance, distribution and richness of species, which I mainly research using information on a group of animals that has always been my first love – birds. My familiarity with this sort of question, and with birds, has certainly not bred contempt, but often it takes the contrast of new experiences for us suddenly to see the familiar in a different light. We take our surroundings for granted. My moth trap had given me a new perspective.


Ecology was first defined in its modern form – as Öekologie, in his native German – in the 1860s by the biologist Ernst Haeckel. The etymological roots of ecology combine the ancient Greek words oikos, from which we get ‘eco-’, and logos, for the principle of order and knowledge. Oikos does not have a single meaning; it refers to the family, the family’s property or the house. Why it prefixes economy is clear. For the study of the interactions between organisms and their environment – which is one definition of ecology we might use – ‘eco’ relates to the third meaning, and we often give it a more personal interpretation. Literally, ecology is the study of our home. The relevance and logic of this to an ecologist is obvious: we are organisms, our environment matters fundamentally to us. Haeckel’s formal definition was ‘the comprehensive science of the relationship of the organism to the environment’.1


Haeckel was a keen disciple of Charles Darwin, and so it seems appropriate that the definition of ecology has evolved over the years. Although Haeckel identified the essence of the subject, he codified it in a form that was arguably too general, and too vague. What isn’t ecology, under his definition? What, exactly, is ecology trying to explain? It was not until almost a century later that we got a clear answer to this second question, thanks to the Australian ecologist Herbert Andrewartha. He revised the definition of ecology to ‘the scientific study of the distribution and abundance of organisms’2 – the crux is to try to understand where organisms are found, how many are found there, and why. With minor tweaks (Canadian Charles Krebs advocated for the addition of ‘the interactions that determine’,3 for example), this is the definition that most ecologists use today. It identifies why ecology is key to understanding the contents of a moth trap.


A moth trap may be a source of wonder for the biophiliac, but it is also an effective scientific tool. The animals that it conjures out of thin air are samples of the wider moth community in the immediate area, or in some cases, of the moths that are passing through it. They are a snapshot, a fragment of the wider panorama. By piecing together snapshots we can begin to see the bigger picture.


For moths the number of snapshots available is huge, at least in the UK. These islands are home to an extended community of amateur trappers who write up their nightly catch and submit details to regional or national record schemes. Since 1968, a countrywide network of moth traps has been co-ordinated by the agricultural research station at Rothamsted in Hertfordshire. Historical records that pre-date the existence of these schemes can in some cases be extracted from old notebooks and added to the picture. The high-resolution image that results means that we can start to pick out details, and individual moth trappers can see where the pixels they provide fit into the broader patterns that emerge. These patterns become the basis for ideas about how the natural world works, that we can then put to the test by further observations, or better, by experimentation. Are we seeing a random set of individual animals of a random set of species thrown together by chance – or are there rules? And if there are rules, what sort of rules are they? Gradually, our understanding of the world around us improves. But the scale of the task should not be underestimated. The natural world is fiendishly complex.


Imagine that you had the technology that would allow you to scan our planet with such detail that you could map the identity and location of every individual animal, plant, fungus, bacteria, archaean and virus.* What sort of picture would this give you?


All of the individuals scanned would belong to a species. On top of the eight million or so animal species, estimates suggest about a further million other Eukaryotes (roughly 30 per cent plants, 60 per cent fungi and the rest protozoa and algae). In comparison, estimates of Prokaryote (bacteria and archaea) species numbers range from the surprisingly low (a minimum of around 10,000) to the surprisingly large (perhaps 1 trillion).*


These are numbers of species, though. We sometimes know the number of individuals for a given species very well, but only when that species is so rare that we are worried for its future – the 209 individuals of Kakapo, the large, flightless New Zealand parrot, for example.* Mostly, we have to estimate numbers of individuals based on very small samples of our world – snapshots of the kind provided by moth traps. We have good estimates only for the very best-known groups of organisms. A few years back, my colleague Kevin Gaston and I tried to estimate how many individual birds there were in the world. Birds is undoubtedly the best-known major group of species – they are generally quite conspicuous animals, detected relatively easily by sight and/or sound, with a global network of keen (not to say fanatical) birders who aim to find as many as possible. There are many recording schemes, and numerous estimates of the abundance of birds at different scales, from the density of individuals in small patches of habitat to national population estimates. For example, the latest work suggests that the breeding population of British birds is 161,211,593 individuals – though this precision belies a substantial margin of error, and excludes non-breeding individuals, the numbers of which are harder to assess. Pulling together data from a range of sources, Kevin and I estimated a global breeding population in the range of 100–400 billion birds, though we later revised this estimate down to a best guess of around eighty-seven billion (which would have been around one hundred and ten billion before humans began the process of converting natural habitats for our own use). This seems plausible – a recent study using different methods comes up with essentially the same answer, and the number is unlikely to be ten times smaller or ten times greater, at least. To ‘within an order of magnitude’ (a multiple of ten) is often a reasonable approximation in ecology.


In the case of other organisms, it’s much harder to be sure even of the order of magnitude of estimates. According to the Smithsonian BugInfo website, the number of insects alive at any one time has been estimated to be around ten quintillion (one followed by nineteen zeroes). Where this estimate comes from, and whether it’s reasonable or not, is hard to say. It suggests that there are more than a hundred million insects per breeding bird, which is perhaps plausible. For scale, both Great Tits and Blue Tits may deliver a caterpillar every minute to their broods at the height of the breeding season (an exhausting sixteen-hour day). Given that there are around 2.7 million pairs of these two species in Britain alone, that adds up to more than 2.16 billion caterpillars fed to nestlings of just these two species in just one day. Many of these will be the progeny of two species of moth – Winter Moth and Green Oak Tortrix – which are key food items for the tits. Insectivory is a common diet for birds, and so supporting them and their hungry broods certainly requires a lot of insects. Insects are also a key food for many mammal species – a bat may catch 500 insects an hour – not to mention reptiles, amphibians, fish, spiders, and so on. Ten quintillion starts to seem ballpark. Even this number shrinks in comparison to estimates for microorganisms, of which a billion may be found in a teaspoon of soil. The estimated number of viruses worldwide is 1 x 1031, or well over a billion for every one of those quintillion insects. Laid end to end, they would measure out a hundred million light years. Again, these estimates come with caveats over accuracy, but changing the numbers by even several orders of magnitude doesn’t alter the message: this planet is home to a stunning abundance and diversity of life.


Of course, the second it’s complete, any scan of our planet is out of date. New individuals will have been born, and others will have died. If those deaths involved the last of their kind, populations will have disappeared, and maybe species too. Perhaps the births will have led to the gain of new species, although the nature of speciation is such that it is much harder to pinpoint the moment of appearance, versus loss. Regardless of births and deaths, individual organisms will have moved – huge numbers of them will have changed location. In absolute terms, these movements may not amount to much from second to second, but as time accrues, they will lead to areas being vacated or colonised by increments, and new species arising. A second later and the scene has changed again. This is a play that has been running since the first organisms appeared on earth. After almost four billion years, it has given us the planet we look out onto now.


None of these changes happens in isolation. Every individual organism needs resources to survive and reproduce – energy, water and nutrients. Some will satisfy those needs directly from the environment, but for the majority, sustenance will come from other organisms, through consumption, depredation or parasitism. These are the interactions that some consider a defining feature of ecology, and mean that no organism plays out its time independent of others. They set species against each other, with the profits of some gained at the expense of others. Still others will have to work together for the mutual benefit of both. As a result, all of those billions of billions of organisms are locked in a dance, their mind-boggling numbers dwarfed by the numbers of potential and actual threads connecting them. The threads pull the organisms in myriad directions as they chase their needs across the environment, or try to evade the needs of others. All of these interactions happen against a backdrop of an environment that is itself constantly on the move, as geology and climate (and occasionally astrophysics) work together to alter the stage on which life plays.


It is not only the stage that changes – the species acting on it do too. What even is a species? Many definitions have been proposed, and indeed there are several different philosophical approaches to the problem, but for practical purposes we usually consider a species as a group of organisms that can potentially (if of the right sexes) breed together in the wild to produce fertile offspring. The reason that defining species is hard is that they are dynamic. They respond to changes in the pressures imposed by their environment, and from the other species with which they interact, with incremental changes of their own – evolution. Species adapt and persist, but different pressures in different locations mean that some groups – populations – can head off on different trajectories, leading to splits, and, ultimately, to new species arising. How far populations have progressed down this road determines whether their members can still interbreed with other populations, muddying the waters about whether the different populations are really different species. The Deep Brown Dart and Northern Deep Brown Dart both breed in Britain, and as their names imply are very similar. But are these moths different species? Even the experts cannot agree. Nevertheless, for the most part, it is clear to which species an organism belongs (with the caveat that we think most species are yet to be described).


The process of gradual change and separation has, over some 3.7 billion years, given us the millions (or perhaps billions) of species that exist today. Each one has followed its own route across the ever-changing environment of earth, in an unbroken chain of descent from an ancestor common to all. The unique routes mean that each species is itself also unique, in both its history and outcome: every species has devised a different solution to the challenges of surviving and reproducing, resulting in the characteristics they now display. Some species live at a rapid pace, growing quickly, reproducing as much and as often as they can, buying thousands of tickets in the lottery of life in the hope that some of the numbers will be winners. As we’ll see later, if conditions are right, they can win big. Other species play a long game, taking their time to mature, putting a lot of time and effort into raising a few offspring to carry on the family line and potentially increase the species’ representation in the global inventory of life. This is the approach we take as humans, showing that a long game can still lead to big wins. Many species run strategies somewhere in between. All individuals, however, make (unconscious) choices about how to allocate the resources they acquire to best ensure the persistence of the genes they carry through future generations. These choices are reflected in what the species look like, and how, in the broadest sense, they behave.


Individuals, populations and species, their needs, interactions, movements, characteristics and the ways they change – entities and events numbered in the quintillions – these are the purlieu of ecology. Ecology is sometimes criticised as a science for its lack of immutable laws and solid predictions, but the complexity of what it has to explain is truly mind-boggling. Charles Darwin used the analogy of ‘an entangled bank, clothed with many plants of many kinds, with birds singing on the bushes, with various insects flitting about, and with worms crawling through the damp earth … produced by laws acting around us’,4 and for much of its lifetime, ecology has focused on trying to tease apart mechanisms at the scale he described. But an entangled bank is not separate from the wider environment in which it is set, and its plants and animals are affected by processes operating at the scales of continents and millennia. The moths that appeared in my trap that July morning, their numbers, identities and characteristics, represent the denouement of one plot line in a play of daunting complication. How does one even begin to approach the question of how they ended up there?


The answer to this question at least is clear – by breaking the problem down into more manageable parts. All science works this way. The origins of physics, chemistry and biology were responses to complexities too great to be tackled as a whole. We have continued to subdivide science as the expanding sphere of knowledge has stretched the boundaries of these traditional disciplines to breaking point. Biology spawned ecology, but also evolutionary biology, genetics, cell biology, molecular biology and other sub-fields too numerous to list. These are subdivided too, although our ultimate goal is to bring them back together into a holistic understanding of life.


At least for the moth trap, and for the science of ecology that helps us to understand the magic that it conjures, that is what I will try in some part to do here. Ecology is already a gigantic field, and while I’ve been studying it for around thirty years now, I make no claim to understand more than a tiny part. Nevertheless, some of that understanding does have a bearing on questions of why, on any given day, my moth trap turns up the species it does, and in the numbers it does. The moth trap and its catch set me reflecting on these questions, and indeed what we know about the natural world of which we are a part.


This book is the result of that reflection. I want to explain how we think that the natural world works, or at least my take on those workings, through the window that the moth trap provides into a hidden world. There have been lots of books about particular animals, by scientists and by nature writers, and they are often wonderful. But The Jewel Box isn’t – or isn’t only – a book about moths. Rather, I want to use moths and my love of them as a tool to reveal the workings of nature. Just as Michael Faraday’s iron filings arranged themselves to illustrate a magnetic field that would otherwise have been invisible, I want to show you that when we pay proper attention to these tiny animals, their relationships with one another, and their connections to the wider web of life, a larger truth about the world gradually emerges into focus. A single line of dialogue does not make sense without the rest of the play, and one cannot understand the contents of a moth trap without considering the complete environmental narrative. The contents of one small box depend on – and can illuminate – the workings of all of nature.


I start out simply, by thinking about a group of individuals belonging to just one species. The two fundamentals in the life of each one of these individuals – they are born, and then they die – contain within their interaction the capacity for populations to grow. This growth is the basis for understanding all of ecology, and indeed all of life’s incredible diversity. But this growth happens on a finite planet, where resources are ultimately limited. This really matters.


Populations do not exist in a vacuum, of course, and no species plays out its lifespan independent of others. How these interactions modify the capacity for populations to grow comes next. Competition between species for vital resources. And predation, when one species becomes the vital resource, consumed by a consumer. These processes help us to understand why populations do not grow out of control.


Birth and death bookend the life of every organism, but it is what they do in between that makes them the species they are. How they funnel those vital resources to growth, survival and reproduction determines their life history – whether they will live fast and die young, or experience old age. The choices they make are driven by how and when death finds them, and lead to the diversity of forms the moth trap reveals. They help explain why there is no one right way to be a moth.


Having considered the processes that affect the ebb and flow of populations, and how those same processes help dictate life histories, I then step up a level of complexity to think about multiple populations living together, and hence ecological communities. This starts to get at the key questions of how many species coexist, and how many individuals of each. It’s an open question whether interactions are king here, or whether communities are just random sets of species assembled by chance. I’ll argue that the answer probably lies somewhere in the middle – members playing by rules, but membership depending also on a heavy pinch of luck.


Thinking about the structure of ecological communities highlights the importance of migration. My trap catches moths born in neighbouring gardens and neighbouring countries. I ignore movement when discussing population dynamics to make my and your lives easier, but life depends on it. Migrants can colonise new areas and rescue dwindling populations from extinction. Much of the world would be a barren wasteland without them, and all of it less diverse. I explain why.


The set of species that coexist in any given community is a subset of those in the wider environment. But the more species there are in that wider environment, the more species will tend to coexist. Not all parts of our planet are created equal when it comes to species, and I discuss why. This brings us back to the inevitable bookends of birth and death, but now at the level of the species: speciation and extinction. Millions of years of this (with a bit of migration thrown in) have given us more moths in some regions than others, and more moths in some taxonomic groups than others. We cannot understand why a moth trap reveals the diversity it does without these widest of perspectives.


This is not quite the end of the story, though, as our tale has a final twist. A new actor has recently appeared on the scene, and is insinuating itself into every thread of our plot. That actor is an increasingly important driver of the processes that determine the workings of ecological systems, from the dynamics of single populations to the structure of communities and the diversity of whole regions. Its machinations threaten to send the whole story of life in a new and unwelcome direction, and I cannot finish without mention of its impacts. Or to be precise, our impacts, for that new actor is us.


What I hope this book will show is that we cannot understand what goes on in our gardens, or on our roof terraces, in isolation. We can spend a lifetime describing in minute detail the environment, the organisms, and the interactions happening on an entangled bank, but this hard labour will be for nothing without context. All of nature is linked. The processes that determine the numbers and kinds of moths in my trap can depend on what my neighbours did last week, but can also span continents and aeons. One cannot fence off a piece of nature and expect it to thrive, or even to survive. This realisation has never mattered more. We are increasingly fashioning the world in our own image, remaking it into one where nature is limited to ever smaller pockets, set in landscapes dominated by humans and the processes we impose. If we care about our local nature, we need to think and act globally. The moth trap is a jewel box in which we can find Emeralds, Pearls, Rubies and Gems. But the jewels are also pixels in a much larger picture. I hope I can convey something of what this picture looks like, and how it came to hold its current form. It is beautiful.





* If you’re wondering what I mean by a ‘species’, that will hopefully become clearer before this chapter is out.


* A few more individuals had been lured in but escaped during my clumsy attempts to extract them from the trap.


* Caterpillar skins can only stretch so far as they grow, and every so often they need to moult. It’s their equivalent of us moving through shoe and clothing sizes. Each moult takes them up an instar. Some moths need to moult more times than others, generally because they are growing to larger sizes. See Chapter 2 for an example of just how much some caterpillars can grow.


* These are the major kingdoms across which we currently consider life to be distributed, although the number of kingdoms we consider there to be has increased over the history of biological science, and will no doubt continue to change.


* This enormous uncertainty is partly because we have trouble understanding what the term ‘species’ means for a Prokaryote, given our own Eukaryotic perspective (and we still argue about the definition for Eukaryotes). The number of Prokaryote species may be in the rounding error of the number of Eukaryote species, or perhaps the reverse is true. As viruses are parasites of Prokaryotes and Eukaryotes, the number of virus species is likely to depend on how many species of hosts there are, combined with how specific to any given host any given virus turns out to be (which will itself be variable). It seems barely worth attempting to calculate viral species richness in the circumstances.


* The number reported at the time of writing.
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Chapter 1



The Gypsy Moth


The Power of Reproduction


All progress is based upon a universal innate desire on the part of every organism to live beyond its income.


Samuel Butler


The first night I ran the trap on my roof terrace in London, it turned up some exquisite moths. A Tree-lichen Beauty with a vivid turquoise stole draped across its shoulders. Jersey Tigers, their black-and-white striped upperwings concealing rich orange underwings spotted with black. A self-explanatory Small Purple-and-Gold. Not everything in the trap that morning could reasonably be described as beautiful, though. One moth in particular had clearly seen better days.


Lepidoptera as a group are characterised by the microscopic scales that cover their wings (their name literally translates from the Greek as ‘scale wing’), which are the source of the incredible range of colours and patterns that moths display. The scales can easily be rubbed off, though. The wings of this moth had been scraped virtually bare, leaving blank canvas-like planes latticed with prominent, ridged veins. Lepidopteran scales can also be modified into hairs, and it is these that give many species the appearance of being wrapped in fur coats. This moth was virtually naked though, its body hairs having been rubbed away to the extent that its thorax and abdomen were nearly smooth. Many moths are relatable through their resemblance to tiny flying birds or mammals. This one was a reminder that hidden beneath their fur is the hard chitinous exoskeleton possessed by all insects.


Stripped of most of its colours and pattern, the naked moth would have been difficult to put a name to had it not been for one highly distinctive feature that remained: a pair of broad, feathery antennae on its head, like tatty rabbit’s ears. They were drooped and battered, but they pointed clearly to an identification. This was a Gypsy Moth. Scientific name Lymantria dispar, meaning ‘separate destroyer’.* A male.


The Gypsy Moth is a species that is naturally distributed widely across Europe, but one that has had a chequered history in Britain. Until the early years of the twentieth century, a small population clung on in a restricted area of the East Anglian Fens, where its caterpillars fed on a couple of shrubby plant species, bog myrtle and creeping willow. Unfortunately for the Gypsy, the Fens have deep and fertile soil, and have long been coveted as farmland. Today, almost all of the original marshy habitat there has been drained and put to growing food, including the areas where the last surviving English Gypsy Moths lived. Now, satellite images show a grid of fields, the straight edges so typical of human influence on the environment. The Gypsy Moth was last seen in its Fenland refuge in 1907.


As it turns out, though, this was not the end of the story for the Gypsy Moth in England. In the summer of 1995, the species was discovered in Epping Forest, one of London’s green lungs, to the north-east of the city. This was not an outpost of the original population being unearthed, but a new population based on colonists from the continent. We know this in part because, while the Fenland Gypsys were rather picky eaters, the Epping Forest caterpillars are much more catholic in their diets – technically, polyphagous. Exactly where the colonists came from, and when they first arrived, is unknown, but they almost certainly hitch-hiked into the country on imported wood products, such as timber or packaging material. The female Gypsy Moth is largely flightless, and so tends not to move far once it has eclosed from its pupa. They lay eggs in large yellow clumps (called plaques), normally on trees, but in modern times also on fences, walls and other solid surfaces. Eggs laid on trees or wood subsequently cut for timber or pallets could easily ride the ferry or Eurostar from the continent, to hatch out across the Channel in south-east England. The fact that the new population is mainly found in economically active London is consistent with the idea that the moths arrived inadvertently on cargo, rather than being natural colonists. Either way, since that first sighting, the population has grown and spread. It is now found throughout the London area, and beyond. More than a century after the last individuals disappeared from the East Anglian Fens, Gypsy Moths are back again in England, and (the males at least) appearing on my roof terrace in Camden.


While the precise origin of the Gypsy Moth population in London is uncertain, that isn’t the case for the population in the United States. They came from 27 Myrtle Street, Medford, Massachusetts – the house of Mr Léopold Trouvelot – in either 1868 or 1869.


Gypsy Moths do not occur naturally in North America.* They were taken there by Léopold from a trip to Europe, as part of his experiments on the production of moth silk, a valuable commodity then and now. Léopold was himself a native of Europe, described in the 1890s as an artist, naturalist and astronomer of note, but now mainly remembered for his role in the Gypsy Moth saga. He probably imported the moths as eggs, and then either some of those eggs, or the caterpillars that hatched from them, were accidentally blown out of the window of the room where they were being kept. Realising that the consequences of this could potentially be severe, and unable to put the worms back into the can himself, Léopold apparently gave public notice of the escape. Exactly what is meant by that is unclear. In the circumstances, it doesn’t really matter.


The genus to which the Gypsy Moth is assigned has changed over the last 150 years, but a common theme of its name in translation is destroyer or ravager. The polyphagous form can feed on a wide variety of tree and shrub species, and can cause significant damage to individual plants if population numbers get high. Hence Léopold Trouvelot’s apparent consternation at having some of his stock escape. However, for the next decade it seemed as though it would turn out to be an accident of little consequence. Léopold evidently saw Gypsy Moths, presumably in or around his garden, but hardly anyone else did. That started to change as the moth entered its second decade in Medford.


In 1879, a gentleman by the name of William Taylor moved in to 27 Myrtle Street, Trouvelot having moved on by that point. The following spring, Taylor ‘found the shed in the rear of his house swarming with caterpillars’. They were such a nuisance that he got permission to sell the shed, thereby presumably moving some of the caterpillars to a new location.


Within a couple of years, neighbours of no. 27 were starting to feel the effects of the moth too. There were caterpillars all over the outside of no. 29, and their apple and pear trees were entirely stripped of leaves. Gypsy Moths continued to spread along Myrtle Street and into natural areas to the south, but it wasn’t until 1889 that the full extent of their capabilities became apparent. The outbreak of Gypsy Moths in Medford that year was so devastating that the locals wondered how on earth the species could have gone largely unnoticed for almost two decades.


In our times of diminished nature, it may be hard for many of us to conceive of the abundance of the Gypsy Moth in the outbreak of 1889. Yet, testimony to the fact is itself abundant, as documented in a report on the problem to the Commonwealth of Massachusetts published in 1896. It tells how some trees were so covered with the egg plaques that they appeared spongy, and yellow in colour. The eggs produced caterpillars in millions. One Mrs Belcher reported that ‘My sister cried out one day, “They [the caterpillars] are marching up the street.” I went to the front door, and sure enough, the street was black with them, coming across from my neighbor’s, Mrs. Clifford’s, and heading straight for our yard. They had stripped her trees.’


The caterpillars were nicknamed armyworms, and for good reason. Mrs S. J. Follansbee related that ‘the walks, trees and fences in my yard and the sides of the house were covered with caterpillars. I used to sweep them off with a broom and burn them with kerosene, and in half an hour they would be just as bad as ever. There were literally pecks* of them. There was not a leaf on my trees.’ Mrs Snowdon: ‘I have seen the end of Mrs. Spinney’s house so black with caterpillars that you could hardly have told what color the paint was.’ Mrs Ransom: ‘In the evening we could hear the caterpillars eating in the trees. It sounded like the clipping of scissors.’ Mr Daly had a similar experience: ‘At night time we could hear the caterpillars eating in the trees and their excrement dropping to the ground.’ Walking around town at this time was distinctly unpleasant, while hanging out washing to dry simply risked having to wash it again – it would often come off the line dirty with frass. The armyworms did not stop at trees either: ‘When the supply of leaves in the trees fell short (and oftentimes before) they attacked the gardens. Little was spared but the horse chestnut trees and the grass in the fields, though even these were eaten to some extent.’ Dealing with the problem was a significant undertaking, as noted by Mrs Hamlin: ‘For six weeks a great deal of our time was devoted to killing these caterpillars.’5


If the authorities had not been alert to the presence of the Gypsy Moth before, they certainly were now. Before 1889 was out, State politicians were being urged to act against a species that was clearly a threat to both forestry and agriculture, not only in Massachusetts, but countrywide. The State government moved quickly, and by March 1890 the first funds for the eradication of the Gypsy Moth had been approved. Unfortunately, assessments that year found that around 50 square miles were already infested. Control within that area was quite successful in reducing Gypsy Moth numbers, through manual destruction of eggs and spraying of affected trees with Paris Green, a highly toxic compound of copper and arsenic. Nevertheless, the area infested continued to grow. While initial extermination events had focused on trees, masses of eggs had also been laid on fences, under boardwalks, under steps and in cellars. Searching these and other areas turned up more than 750,000 plaques in just the first six weeks of 1891, or in the order of 300–500 million eggs.


The armyworms were well and truly out of the can. Starting from Léopold Trouvelot’s garden, the Gypsy Moth has now spread to occupy more than a million square kilometres of north-eastern North America. Its population size varies, and in some years numbers are low. In the outbreak year of 1990, though, around 2.8 million hectares of American forest was defoliated by its voracious caterpillars. Ravager indeed.


One rather tatty moth in my first night of trapping, but so many questions. What was the Gypsy Moth doing in Medford for the decade when it passed largely unnoticed? What happened after two decades to cause the population there to explode? Could that happen in London? Why has it done so well in North America – a part of the world that it didn’t evolve to inhabit? And why does its North American population seem to have good years and bad – why are there years when its abundance reaches plague proportions?


At first sight, these are daunting questions. Consider all the factors that could be affecting Gypsy Moth populations. There are all the vagaries of the environment. Temperature and rainfall: their highs and lows, variation across the day and year, and the effects of unexpected extremes. Geology (which affects soil) and edaphology (how soils interact with living organisms) vary too – does that even matter for moths? Then there are all the other organisms with which the moths are sharing the environment – species that they may consume or that may consume them, competitors for resources, species that help or hinder their growth and reproduction. Features of the moths themselves may matter, and can change through evolution or phenotypic plasticity (changes in response to an environment that do not require evolutionary change).* All of these possibilities and more may drive Gypsy Moth numbers up and down. How do we pick this all apart?


Some of these questions are the subject for later chapters, and I will try to answer them then. However, before we can begin to come up with those answers, we need to understand how populations change in size – how populations grow, and how they decline. We also need to understand what we mean by a ‘population’. Fortunately, the answers to these questions are relatively simple. The consequences of the answers can be less so, but let’s start with the simple bits.


For an ecologist, a population is simply a set of individuals, all of the same species, living in a defined area, at a given point in time. I say simply. That definition does already throw up difficulties.


In some cases, it can be surprisingly hard to distinguish one individual from another – two flowering stems might be shoots from the same root stock, or they might be neighbours. This can make counting the number of individuals difficult when we want to measure the number of individuals in the population – population size (which we will). For moths at least, individuals are quite easy to define, at any stage in their life cycle. But they can still be hard to count.


The area delineating a population can be more difficult to define, as the Commission established by the Commonwealth of Massachusetts to deal with their Gypsy Moth problem quickly found. Generally, we can sidestep the issue of precise boundaries and define it arbitrarily, for the convenience of the researcher – the area is the area that we’re interested in, which in general it is (though this does have consequences, as we will see in a moment). We do need to be rational about our choice, however. Too small an area and the numbers of individuals there will be too small to say much about the population and its workings. Too large and there will be too much information to process – counting all the individuals, or even estimating the number, becomes a headache.


How we think about a ‘point in time’ is largely determined by the population we are studying. Time moves differently for people and moths, while ecologists following bacterial populations in petri dishes will work on different timescales to their colleagues monitoring elephants in the national park down the road. What matters here is that we follow populations over periods that allow us to understand what might be determining population size, and for that, we need to pick time steps that allow us to track changes in that size.


Once we have defined our population, we can then try to understand if and why the number of individuals comprising it changes. This is the study of population dynamics. For this, we first need to count or estimate how many individuals there are in the population. We then need to do this many times, so that we can follow change. We don’t need to census the elephant population every day for this. We probably do need to for the bacteria. Studying bacterial populations in petri dishes will obviously give us data to explore population dynamics more quickly. Whatever our population, though, we need to understand how it changes in size. And there is that huge diversity of processes that can affect this – environmental, ecological and evolutionary – making it a daunting proposition at first glance.


Luckily, despite all the different processes that can affect population size, ultimately it changes though the action of just four basic processes: birth, death, immigration and emigration.


Take the Gypsy Moth population in Léopold Trouvelot’s garden as an example. It could get larger because more Gypsy Moths were being born (eggs being laid, caterpillars hatching, adults eclosing, depending on which life stage you’re counting). It could also get larger because Gypsy Moths from elsewhere were moving into the garden – this was how the population started in fact, through immigration from the house. However, the population could also get smaller because moths were dying – this is the fate of all members of all populations eventually, and was soon a major objective in the garden of 27 Myrtle Street and its environs. Finally, the Gypsy Moth population in Léopold’s garden could decrease because moths were moving out. Such emigration certainly happened in the 1880s, and probably before that too – and how! One garden’s emigrants are another’s immigrants.


Year on year (as an appropriate timescale), then, the Gypsy Moth population in Léopold Trouvelot’s garden could have increased through births and immigration, and decreased through deaths and emigration. I’m now going to write this information in the form of an equation. I am no mathematician, and the equations that follow will involve no more than addition, subtraction and multiplication (there will be one Greek letter). So:
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