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INTRODUCTION

A Life with Insects

I have been fascinated by insects all my life. One of my earliest memories is of finding, at the age of five or six, some stripy yellow and black caterpillars feeding on weeds growing from the cracks in the tarmac at the edge of the school playground. I gathered them up, placing them among the crumbs in my empty lunchbox, and took them home. With the help of my parents I found more of the right type of leaves for them to feed on, and eventually the caterpillars transformed into handsome magenta and black moths (European readers might recognise them as cinnabar moths). This seemed like magic to me – and still does. I was hooked.

Since then, I’ve somehow managed to make a living from my childhood hobby. As a teenager I spent every weekend and holiday chasing after butterflies with a net, ‘sugaring’ for moths, and using pitfall traps to catch beetles. I bought the eggs of exotic moths from specialist mail-order suppliers and watched them grow into bizarre, rainbow-coloured caterpillars and eventually become huge, glorious moths: green moon moths with long tail streamers from India, peacock moths with flashing false eyes from Madagascar, and giant chocolate-brown Atlas moths, the biggest moth species of all, from South-East Asia. Inevitably I chose to study biology when I got a place at Oxford University, and later I did my PhD on butterfly ecology at Oxford Brookes, the rather less posh university perched on a hill to the east of Oxford. Following that, I managed to get various research posts: first, one back at Oxford University looking at the extraordinary mating habits of death-watch beetles, and then one at a government lab in Oxford studying ways to control moth pests by spraying crops with viruses. Since I didn’t like killing insects I loathed this last job, and was enormously relieved when I was offered a permanent faculty position in the Biology Department at Southampton University.

It was there that I began specialising in bumblebees, for me the most endearing of insects (and they have stiff competition). I became fascinated by how bumblebees choose which flowers to visit, and spent five years unravelling how they avoid empty flowers by sniffing them for the faint whiff of a recent bumblebee visitor’s smelly feet. I came to learn that, behind their bumbling, teddy-bear appearance, bumblebees are smart, the intellectual giants of the insect world, able to navigate and memorise the locations of landmarks and flower patches, efficiently extract rewards hidden in elaborate flowers, and live in complex social colonies where plots are hatched and regicide is common. Compared to them, the butterflies I had chased as a youth now seemed beautiful but airheaded creatures.

In pursuit of insects I have been lucky enough to travel the world, from the deserts of Patagonia to the icy peaks of Fjordland in New Zealand and the humid, forested mountains of Bhutan. I have watched clouds of birdwing butterflies sipping minerals from the muddy banks of a river in Borneo, and thousands of fireflies flashing their luminous bottoms in synchrony at night in the swamps of Thailand. At home in my garden in Sussex I have spent countless hours on my stomach, watching grasshoppers court a mate and see off rivals, earwigs tend their young, ants milk honeydew from aphids, and leafcutter bees snip leaves to line their nests.

I have had enormous fun. But I have been haunted by the knowledge that these creatures are in decline. It is fifty years since I first collected those caterpillars in the school playground, and every year that has passed since there have been slightly fewer butterflies, fewer bumblebees – fewer of almost all the myriad little beasts that make the world go round. These fascinating and beautiful creatures are disappearing, ant by ant, bee by bee, day by day. Estimates vary and are imprecise, but it seems likely that insects have declined in abundance by 75 per cent or more since I was five years old. The scientific evidence for this grows stronger every year, as more and more studies are published describing the collapse of monarch butterfly populations in North America, the demise of woodland and grassland insects in Germany, or the seemingly inexorable contraction of the ranges of bumblebees and hoverflies in the UK.

In 1963, two years before I was born, Rachel Carson warned us in her book Silent Spring that we were doing terrible damage to our planet. She would weep to see how much worse it has become. Insect-rich wildlife habitats such as hay meadows, marshes, heathland and tropical rainforests have been bulldozed, burnt or ploughed to destruction on a vast scale. The problems with pesticides and fertilisers she highlighted have become far more acute, with an estimated three million tons of pesticides now going into the global environment every year. Some of these new pesticides are thousands of times more toxic to insects than any that existed in Carson’s day. Soils have been degraded, rivers choked with silt and polluted with chemicals. Climate change, a phenomenon unrecognised in her time, now threatens to further ravage our beleaguered planet. These changes have all happened in our lifetime, on our watch, and they continue to accelerate.

The decline of insects is terribly sad for those of us who love these little creatures and value them for themselves, but it also threatens human well-being, for we need insects to pollinate our crops, recycle dung, leaves and corpses, keep the soil healthy, control pests, and much, much more. Many larger animals such as birds, fish and frogs rely on insects for food. Wildflowers rely on them for pollination. As insects become more scarce, our world will slowly grind to a halt, for it cannot function without them. As Rachel Carson said, ‘Man is a part of nature, and his war against nature is inevitably a war against himself.’

I now spend much of my time trying to persuade other people to love and care for insects, or at the very least to respect them for all the vital things they do. That, of course, is why I wrote this book. I want you to see insects as I do: as beautiful, surprising, sometimes surpassingly strange, sometimes sinister and disturbing, but always marvellous, and deserving of our esteem. You will, I think, be amazed at some of their more peculiar habits, life cycles and behaviours, which make the imaginings of science fiction writers seem ploddingly mundane. As we explore the world of insects, their evolutionary history, their importance, and the many threats that they face, the chapters are separated by short interludes – brief explorations of the lives of some of my favourite insects.

While time is running out, it is not yet too late to save the day. Our insects need your help. Most have not yet gone extinct, and if we just give them some space they can recover swiftly, for insects can breed fast. Insects live all around us: in our gardens, parks, farmland, in the soil beneath our feet and even in the cracks in a city pavement, so we can all get involved in looking after them, and ensuring that these vital creatures do not disappear. We may feel helpless in the face of many of the environmental issues that loom on our horizon, but we can all take simple steps to encourage insects.

I argue that we need profound change. We should invite more insects into our gardens and parks, turning our urban areas, and the interlinking road verges, railway cuttings and roundabouts, into a network of flower-filled, pesticide-free habitats. We need to radically change our broken food supply system, reducing food waste and meat consumption so that we can set aside huge areas of the less productive land for nature. We need to develop truly sustainable farming systems, focused on working with nature to produce food that is good for us, rather than growing commodity crops in vast, barren, pesticide- and fertiliser-soaked monocultures. We can all help drive these changes in many different ways: by buying and eating local, seasonal, organically-produced fruit and veg; by growing our own food; by voting for politicians who take the environment seriously; by educating our children on the urgent need to take better care of our planet.

Imagine a future in which our cities and towns are green, with every space filled with wildflowers, flowering and fruiting trees, green roofs and green walls; where children can grow up familiar with the chirp of grasshoppers, birdsong, the burr of passing bumblebees, the colourful flash of butterflies’ wings. The cities are ringed by small, biodiverse farms producing healthy fruit and veg, pollinated by a diversity of wild insects, with pests kept in check by an army of natural enemies, and soil health and carbon stocks maintained by a myriad burrowing soil organisms. Further from the towns, new rewilding projects provide leisure opportunities for people to explore beaver-dammed wetlands brimming with dragonflies and hoverflies, flower-filled meadows and patchworks of woodland, all teeming with life. This may seem like a fantasy, but there is space on our planet for us all to live fulfilling lives, to eat healthily and well, and have a vibrant, green planet, brimming with life. We just have to learn to live as part of nature, not apart from it. And the first step is to start looking after the insects, the little creatures that make our shared world go round.




Part I



WHY INSECTS MATTER




I fear the majority of people don’t much like insects. In fact, I would go further: I think many people loathe insects, or are terrified of them, or both. They are often referred to as ‘creepy-crawlies’, or ‘bugs’, the latter a term we also use for disease-causing organisms. For many of us, these terms are associated with unpleasant, scuttling, dirty creatures, living in filth and spreading disease. Increasingly, most of us live in cities, and grow up seeing few insects other than house flies, mosquitoes and cockroaches, so perhaps we should not be surprised that insects often inspire fear. Most of us are frightened of the unknown, of the unfamiliar. Few therefore appreciate how vitally important insects are to our own survival, and fewer still how beautiful, clever, fascinating, mysterious and wonderful insects are. My mission in life is to persuade people to love insects, or at least to respect them for all that they do. Here I want to explain why we should be teaching everyone from a young age to cherish these tiny creatures; why they matter.




1

A Brief History of Insects

Let’s start at the beginning. Insects have been around for a very, very long time. Their ancestors evolved in the primordial ooze of the ocean floors, half a billion years ago, strange, armoured creatures with an external skeleton and jointed legs, known today to scientists as arthropods (meaning jointed feet). We have few fossils from that time, but those that exist, such as from the famous Burgess Shale deposits of the Canadian Rockies, give us tantalising glimpses of that early world. They are enormously diverse, with numerous types having body plans and numbers and shapes of limbs, eyes and other mysterious appendages unlike anything found today. It was as if Mother Nature had hit upon a successful concept, and was tinkering away like a child with a Meccano set, trying out different ways to bolt a creature together. For example, the aptly named Hallucigenia was a worm-like creature that was originally thought to walk on long, spine-like legs, with a crazy hairdo of waving tentacles on its back, but in more recent illustrations it has since been flipped over so that it walks on the tentacles and perhaps would have used the spines in defence. Meanwhile, Opabinia had five eyes on stalks, and a single lobster-like claw extending from its head, whereas Leanchoilia was a woodlouse-like creature equipped with two long arms at the front, each divided into three tentacles. Then there was Anomalocaris, an animal originally described as being three separate creatures – one shrimp-like, another a jellyfish, and the third something similar to a sea-cucumber – but it is now thought that these were all part of a single creature, the sea-cucumber being the body, the jellyfish its mouth parts, and the shrimp-like creature actually one of a pair of legs. At about 50cm long, Anomalocaris was the largest of the Burgess Shale fossils to have been described so far. We can only guess as to the behaviours and life cycles of these diminutive sea monsters of 500 million years ago. The early seas became crowded with these weird and wonderful creatures, but all are now extinct, although some must have founded lineages that are still present in the seas today.

What we do know is that a few of these early arthropods eventually experimented with moving to the land, perhaps to escape competitors or predators, or in search of their prey.

Having an external skeleton proved handy on land: most small sea creatures such as jellyfish and sea slugs rely on the water for support, and simply flop about in a helpless mess if they are stranded by a retreating tide, but with a rigid skeleton the early arthropods could walk, and this they did, exploring ever further from the water. They went on to found the most successful dynasty of creatures ever to tread the Earth. To this day, they are easily the most successful group on land, if you measure them by number of species or number of individuals (and not by their ability to mess up the planet). They, of course, are the insects.

Starting perhaps 450 million years ago, various different lineages of arthropod had a crack at life on land. Early arachnids dragged themselves from the sea and went on to become spiders, scorpions, ticks and mites – perhaps not the most glamorous of creatures to our human eyes, but very successful in their way. Millipedes ambled slowly onto land and occupied shady, damp habitats, quietly nibbling on decaying organic matter in the soil and under logs and stones, where they remain peacefully ensconced to this day. There, the millipedes were pursued by their fiercely predatory and rather faster relatives, the centipedes, also denizens of the soil and other dark, damp places. A few crustaceans (crabs, lobsters, shrimps and so on) had a go at terrestrial life, but most never really got the hang of it. This group remains enormously diverse and abundant in the oceans to this day, but its most successful terrestrial representative is the humble woodlouse, an endearing and important creature in its way but with no serious claim to global domination.



[image: ]
Creatures of the Burgess Shale, animals that lived in the sea 500 million years ago: These weird creatures include many early arthropods, ancestors of the insects: sponges Vanuxia (1), Choia (2), Pirania (3); brachiopods Nisusia (4); polychaetes Burgessochaeta (5); priapulid worms Ottia (6), Louisella (7); trilobites Olenoides (8); other arthropods Sidneyia (9), Leanchoilia (10), Marella (11), Canadaspis (12), Molaria (13), Burgessia (14), Yohoia (15), Waptia (16), Aysheaia (17); molluscs Scenella (18); echinoderms Echmatocrinus (19); chordates Pikaia (20); along with Haplophrentis (21), Opabina (22), lophophorate Dinomischus (23), proto-annelid Wiwaxia (24), and anomalocarid Laggania cambria (25). From Wikicommons https://commons.wikimedia.org/wiki/File:Burgess_community.gif

The early arthropod adventurers on land, like woodlice and millipedes today, were presumably confined to damp places, along the water’s edge, in mud, under stones or in clumps of moss. Aquatic creatures tend to die of dehydration very quickly on land, especially small ones like most arthropods. To really explore the land, waterproofing is vital. Spiders got the hang of this, evolving a waxy cuticle that now enables them to live even in the most arid places; I have seen them sitting patiently in their delicate webs, constructed on a scraggy leafless bush in the middle of the Sahara Desert. However, it was the insects that truly mastered terrestrial life. Their precise origin remains mysterious: insects are thought to have evolved on land about 400 million years ago,fn1 perhaps from an early crustacean, perhaps from a millipede, but more likely to have come from some other ancient arthropod group that did not survive to the present and has not yet been found in fossils.

How, though, do we define or identify an insect? The answer is that all insects share certain common characteristics that distinguish them from other arthropods. Their body is divided into three sections: a head, thorax and abdomen. Unlike any other arthropod group, insects have six legs, which are attached to the thorax. Like the spiders, insects developed a waterproofed cuticle, sealed with waxes and oils.

Equipped with this basic design, insects set out to conquer the land, but they would probably not have got far were it not for one further huge evolutionary leap that was to be the key to their global success. One early insect took to the skies. Some primitive flightless insects still survive to this day – silverfish are perhaps the best known (which is to say, not very well known at all). Those able to fly, on the other hand, became enormously successful.

Powered flight has only evolved four times, so far as we know, in the three and a half billion years since life began, and insects were the pioneers of life in the air, about 380 million years ago (followed by the pterosaurs 228 million years ago, birds about 150 million years ago, and bats about 60 million years ago). For 150 million years insects had the skies to themselves. It isn’t clear how flight first evolved, but a popular theory is that wings were originally flap-like gills, as seen in mayfly nymphs today. To start with they may have simply facilitated gliding, but eventually they became motile, and the first powered flight began.

Being able to fly bestows significant advantages. Escaping from land-bound predators becomes easy, and finding food or a mate is greatly facilitated, for flying is much quicker than walking. Migration becomes possible, with some insects such as the monarch and painted lady butterflies eventually evolving to fly thousands of miles each year to avoid the cold of winter. Migration is not a viable option if you are a woodlouse or a millipede.

With their new-found superpower the flying insects proliferated in the Carboniferous period (359 to 299 million years ago), with many new insect groups appearing, including the weak-flying mantises, cockroaches and grasshoppers, and also more accomplished flyers such as mayflies and dragonflies.

While the insects were busy learning to fly, the plants were not resting on their laurels. They too had developed better waterproofing of their leaves, and in competition with one another for light had grown ever taller, creating forests of giant tree ferns (some of which were of course to become fossilised as coal when they sank into the boggy forest floor). Although by this time there were amphibians and the first lizards, life on land must have been very largely dominated by insects. The air at the time was richer in oxygen than today, and that may be one reason why some insects were able to grow larger than any present-day species. If one could travel back to those ancient forests, one might glimpse Meganeura soaring between the trees – huge, dragonfly-like insects with wingspans of over 70cm.

Although flying may have been the insects’ most important innovation, they had a couple more tricks up their six sleeves. Firstly, just after the end of the Carboniferous, about 280 million years ago, an insect species somehow achieved metamorphosis, the remarkable ability to change from a grub-like immature stage (the larva) into an adult insect with an entirely different appearance; from a caterpillar into a butterfly, or from a maggot into a fly.

Metamorphosis is as magical as any frog-to-prince transformation in a fairy tale, except that it is real, and happens all the time all around us. Imagine you are a full-grown caterpillar. You digest your final meal of leaves, then spin yourself a silken pad to hold you tight to a stem. You then split out of your old skin, revealing a new, smooth brown skin beneath. You no longer have eyes, or limbs, or any external openings except tiny holes called spiracles to allow you to breathe. You are entirely helpless, and will remain so for weeks, perhaps months in some species. Inside your shiny pupal skin your body dissolves, the cells of your tissues and organs pre-programmed to die and disintegrate, until you are little more than a soup. A few clusters of embryonic cells remain, and these proliferate, growing entirely new organs and structures, building you a brand-new body. Once it is ready, and the time is right, you split open your pupal skin and underneath have grown another one, this time complete with large eyes, a long, coiled proboscis for drinking, and beautiful wings covered in iridescent scales that you must inflate by pumping blood into their veins before they harden.

There is much debate as to how this astonishing phenomenon came about, including one recent and somewhat bizarre theory which suggested that metamorphosis evolved via a freak successful mating between a flying, butterfly-like insect and a velvet worm (a caterpillar-like relative of the arthropods). A more plausible suggestion is that caterpillars came about via the premature emergence of an embryonic insect from its egg. However they did it, metamorphosis is a remarkable phenomenon, and the insects that have this ability have become the most successful of all: flies, beetles, butterflies and moths, and wasps, ants and bees.

On the face of it, it may not be obvious why being able to transform oneself from a maggot into a fly is such a useful skill, impressive though it is. It seems like an awful lot of effort, and anyone who has ever reared butterflies can attest that emergence from the pupa is a delicate and precarious manoeuvre which often goes wrong, not least when wings fail to expand correctly, leaving the poor insect crippled and doomed. One theory as to why metamorphosis is such a successful strategy is that it enables the immature stages and the adults to each specialise in different tasks, and to have a body designed for the purpose.fn2 The larva is an eating machine, little more than a mouth and anus connected by a gut, which is pretty much all that a maggot is. It does not need to be able to move quickly or travel far, as its mother will have ensured that she laid her eggs somewhere where food was plentiful. Larvae tend to have only rudimentary senses, with poor eyesight and no antennae. The adults, on the other hand, are often short-lived and feed rather little, other than perhaps sipping on some nectar to fuel their activity.fn3 Their main task is to find a mate, copulate and, in the case of females, lay eggs. In some species they may also migrate. The adults need to be mobile and have acute senses, able to travel to seek out a partner by sight or smell or sound, so they often have large eyes and large antennae. They may also be equipped with bright colours to impress a potential mate.

For comparison, consider the lot of insects that do not go through metamorphosis. The grasshoppers or cockroaches, for instance. An immature grasshopper or cockroach is essentially a miniature version of the adult, with small wing ‘buds’ in place of functioning wings. Unlike insects that undergo metamorphosis, these young grasshoppers may have to compete for food with adult grasshoppers, something that is not a concern for a maggot or caterpillar. The body of a grasshopper is essentially a compromised design which has to be able to do everything: feeding, growing, dispersing, finding a mate, finding somewhere good to lay eggs. To be fair to grasshoppers, they succeed pretty well, as any farmer in Africa who has faced a swarm of hungry locusts can attest, but in terms of numbers of species they are outclassed by their metamorphosing cousins. There are about 20,000 known species of Orthoptera (grasshoppers and their kin), and 7,400 species of Blattodea (cockroaches). In contrast, insects undergoing metamorphosis include 125,000 species of Diptera (flies), 150,000 species of Hymenoptera (bees, ants and wasps), 180,000 species of Lepidoptera (butterflies and moths) and an astonishing 400,000 species of Coleoptera (beetles). Together, these four groups of insects comprise about 65 per cent of all known species on our planet.

Aside from flight and the magic of metamorphosis, the final trick insects pulled off during their evolution was the development of complex societies, in which teams of individuals work effectively almost as if they were a single ‘superorganism’. Termites, wasps, bees and ants all adopt this strategy, living in a nest with one or a small number of queens laying more or less all the eggs, and daughter workers performing various specialist jobs, such as caring for the queen, looking after the young, defending the nest and so on. By specialising, each individual insect can become an expert in its particular task, and in some cases even has a specially adapted body, as in for example the huge-jawed soldier castes found in some ant nests, principally engaged in defending the nest against attack by large predators such as anteaters or aardvarks. The famous American biologist E. O. Wilson, a specialist in ants, once estimated that there are in the region of between one and ten quadrillion individual ants in the world (1,000,000,000,000,000 to 10,000,000,000,000,000). In some terrestrial ecosystems they may make up 25 per cent of the total animal biomass, and overall the weight of ants on our planet is similar to the total weight of humans, to a very rough approximation. Ants alone outnumber us by about one million to one. Until perhaps the last 200 years, an alien looking down on Earth at any time in the last 400 million years would have concluded that this was the kingdom of the insects.



‘Femme Fatale’ Fireflies

Fireflies, also known in some countries as glow-worms, are surely among the most magical of insects. They are not flies at all, but a group of beetles possessing luminous bottoms. Their lights are used to attract a mate; different species glow green, yellow, red or blue, some producing a steady glow while others flash in a pattern particular to the species. In the European glow-worm, for instance, the female emits a gentle, steady green glow, which attracts the males. In many other species the glow is emitted in short flashes while in flight, which in the darkness creates the effect of a streak of light to the human eye, leading to another common name for these insects: lightning bugs. Some fireflies of the USA and tropical Asia glow in synchrony, creating a spectacular light display as thousands of insects flash their bottoms in unison.

Fireflies are predatory, variously feeding on other insects, worms or snails, depending on the species. Some female fireflies have even evolved the trick of mimicking the flash of the female of another species, not to attract a mate but to lure dinner. Unfortunate amorous males who respond to her allure are promptly consumed, from which habit these females are sometimes known as ‘femme fatale’ fireflies.
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The Importance of Insects


If all mankind were to disappear, the world would regenerate back to the rich state of equilibrium that existed 10,000 years ago. If insects were to vanish, the environment would collapse into chaos.

E. O. Wilson, American biologist



In the autumn of 2017, I found myself doing a live interview about insect declines for an Australian radio show. The presenter’s first, cheerfully delivered question was, ‘So, insects are disappearing. That’s a good thing isn’t it?’ I’m pretty sure the question was tongue in cheek, but since I was 12,000 miles away on the other end of a telephone, it was hard to be certain. Whatever the motivation, this question actually reflects the view of many people, who see insects primarily as pests, annoyances, spreaders of disease, stinging, biting, vexatious and bothersome. Few people bemoan the present-day lack of squashed insects on their car windscreen. Most of us now live in cities (83 per cent of the UK population are urbanites, according to the World Bank, with the global figure 55 per cent and rising fast), and unless we actually go looking for insects in our parks and gardens, we are most likely to encounter those that invade our homes, including cockroaches, house flies and bluebottles, clothes moths and silverfish. These are all fascinating and marvellous creatures but, as with a good malt whisky, one has to invest time in becoming properly acquainted with them before their merits become truly apparent. For most of us, they are unwelcome house guests, to be evicted or killed as swiftly as possible. For a moment I was nonplussed by the Australian interviewer’s question, and additionally distracted because I was standing in a urinal at the time and someone had just come in to use the facilities.

I should say that I do not normally do radio interviews from public conveniences, but on this occasion I’d been dining in a pub en route to give a talk the next day in the English town of Dorchester, when the urgent request had come through on my mobile. The pub was playing loud music, and it was pouring with rain outside, so the toilet seemed the quietest and driest option. I gathered my wits together as best I could, and then launched into a well-practised diatribe about the many vitally important roles played by insects. Doing interviews like this is always disconcerting, as one can’t see the interviewer’s expression, and therefore any sense of whether one’s points are coming across clearly – but at least the man urinating in the corner was nodding encouragingly.

A lack of enthusiasm for insects is certainly not confined to Australian radio show hosts. Recently on national BBC radio the eminent British doctor and TV presenter Lord Winston was asked about the global decline of wildlife. His reply? ‘There are quite a lot of insects we don’t really need on the planet.’ Why he was asked to comment on a subject on which he has no expertise is unclear, but in these strange times it seems common for the opinions of celebrities to be valued regardless of qualifications or experience. Nonetheless, his response typifies the attitude of many.

Ecologists and entomologists should be deeply concerned that we have done such a poor job of explaining the vital importance of insects to the general public. Insects make up the bulk of known species on our planet, so if we were to lose many of our insects then overall biodiversity would of course be significantly reduced. Moreover, given their diversity and abundance, it is inevitable that insects are intimately involved in all terrestrial and freshwater food chains and food webs. Caterpillars, aphids, caddisfly larvae and grasshoppers are herbivores, for instance, turning plant material into tasty insect protein that is far more easily digested by larger animals. Others, such as wasps, ground beetles and mantises occupy the next level in the food chain, as predators of the herbivores. All of them are prey for a multitude of birds, bats, spiders, reptiles, amphibians, small mammals and fish which would have little or nothing to eat if it weren’t for insects. In their turn, the top predators such as sparrowhawks, herons and osprey that prey on the insectivorous starlings, frogs, shrews or salmon would themselves go hungry without insects.

The loss of insect life from the food chain would not just be catastrophic for wildlife. It would also have direct consequences for the human food supply. Most Europeans and North Americans are repulsed by the prospect of eating insects, which is odd, since we happily consume prawns (which are broadly similar, being segmented, and with an external skeleton). Our ancient ancestors would certainly have eaten insects. Globally, however, eating insects is the norm, and in some countries insects make up a significant proportion of the diet. Roughly 80 per cent of the world’s population regularly consume insects, with the practice very common in South America, Africa and Asia, and among the indigenous peoples of Oceania. Approximately 2,000 different insect species are regularly eaten by people, including caterpillars, beetle grubs, ants, wasps, moth pupae, stink bugs, grasshoppers and crickets. To give just a few examples, it is estimated that 1,600 tons of mopanie worms (large, juicy caterpillars of a species of emperor moth) are sold for human consumption in South Africa each year, with many more privately collected and consumed. In neighbouring Botswana, the mopanie worm trade is worth $8 million each year. The caterpillars are commonly dried and eaten as crispy snacks, tinned for longer storage, or eaten fresh, fried with onions and tomatoes. Exports of tinned silkworm pupae from Thailand are worth an estimated $50 million. In Japan, tinned ‘inago’ (a type of grasshopper) is widely sold as a luxury food, while a favourite dish of the late Emperor Hirohito was boiled wasps with rice. In Mexico, white maguey worms (caterpillars of a large skipper butterfly) and ahuahutle (eggs of aquatic bugs, sometimes also known as ‘Mexican caviar’) have long been harvested in bulk from the wild and even exported to the USA and Europe. However, trade in these two insects has declined in recent years, as the skipper butterfly has become scarce through over-collecting, while the bugs have declined due to water pollution.

These are mostly examples of the consumption of insects gathered from the wild, but a strong argument can be made that we humans ought to farm more insects as an alternative to pigs, cows or chickens. Conventional livestock waste lots of the energy they consume on keeping their body warm, and consequently are quite inefficient at converting vegetable material into human food – cows much more so than chickens. For example, a cow puts on about one kilogram of edible body mass for every twenty-five kilograms of vegetable matter consumed. Being cold-blooded, insects are much more efficient: crickets, for example, can put on one kilogram of digestible body mass from consuming just 2.1 kilograms of vegetable matter, making them twelve times more efficient. Insects are also far more efficient than cows in other ways: per kilo of food produced for human consumption, cows require fifty-five times as much water and fourteen times as much space, compared to crickets. What is more, insects are a healthier source of animal protein, being high in essential amino acids and much lower in saturated fats than beef.

There are other advantages of insect food. For example, we are much less likely to catch a disease from eating insects – with which we share no known diseases – compared to vertebrates (think mad cow disease, chicken flu or COVID-19, the latter thought to have come from bats or perhaps pangolins used in Chinese medicine).

Unlike cows, most insects produce little or no methane,fn1 a powerful greenhouse gas, and they grow much faster than mammals. Arguably, animal welfare issues are avoided, since many insects can be kept at high density without apparent hardship, and in any case the capacity of an insect to suffer is presumably lower than that of a cow (though I know people who would disagree).

The point is that if we wish to feed the ten to twelve billion who are projected to be living on our planet by 2050, then we should be taking the farming of insects seriously as a more sustainable option to conventional livestock. My only issue with eating insects is that, of all the ones I’ve tried, none was particularly enjoyable – aside from chocolate-coated ants, that is, in which instance I’m pretty sure it was the chocolate that I was enjoying. But I have only tried a few types, and will endeavour to keep an open mind should I get the chance to sample fried mopanie worms or Mexican caviar.

While insects are scarcely ever eaten directly in Western societies, we do regularly consume them at one step removed in the food chain. Freshwater fish such as trout and salmon feed heavily on insects, as do game birds like partridge, pheasant and turkey. In Japan, freshwater fish such as smelt and eel form a significant part of the human diet. These fish are primarily insectivores, and thus the human food supply is directly dependent on the presence of sufficient freshwater insects. This relationship was made clear in 1993 when one of the largest lakes in Japan, Lake Shinji, was polluted with neonicotinoid insecticides running off agricultural fields. Populations of invertebrate in the lake fell sharply, leading to a dramatic collapse of the local fishing industry and costing hundreds of jobs. The average annual yields of smelt dropped from 240 tons between 1981 and 1992 to just 22 tons between 1993 and 2004, while the eel catch fell from 42 tons to 10.8 tons in the same period.

Aside from their role as food, insects perform a plethora of other vital services in ecosystems. Eighty-seven per cent of all plant species require animal pollination, most of it delivered by insects. That is pretty much all of them, aside from the grasses and conifers (which are pollinated by the wind). The colourful petals, scent and nectar of flowers evolved to attract pollinators. Without pollination, wildflowers would not set seed, and most would eventually disappear. There would be no cornflowers or poppies, foxgloves or forget-me-nots. We might lament our world slowly losing its colour, but an absence of pollinators would have a far more devastating ecological impact than just the loss of pretty flowers. For if the bulk of plant species could no longer set seed and died out, then every community on land would be profoundly altered and impoverished, given that plants are the basis of every food chain.

From a selfish human perspective, a loss of wildflowers might seem like the least of our worries, since approximately three-quarters of the crop types we grow also require pollination by insects. The importance of insects is often justified in terms of the ecosystem services they provide, which can be ascribed a monetary value, and pollination alone is estimated to be worth between $235 and $577 billion per year worldwide (these calculations aren’t very accurate, hence the wide difference between the two figures). Financial aspects aside, we could not possibly feed the growing global human population without pollinators. We could produce enough calories to keep us all alive, since wind-pollinated crops such as wheat, barley, rice and maize comprise the bulk of our food, but living exclusively on a diet of bread, rice and porridge would quickly see us succumb to deficiencies of essential vitamins and minerals. Imagine a diet without strawberries, chilli peppers, apples, cucumbers, cherries, blackcurrants, pumpkins, tomatoes, coffee, raspberries, courgettes and runner beans, blueberries, to name just a few. The world already produces fewer fruit and vegetables than would be needed if everybody on the planet were to have a healthy diet (while also overproducing grains and oils). Without pollinators it would be impossible to produce anywhere near the ‘five a day’ fruit and veg we all need.

In addition to pollination, insects are important biocontrol agents (although this is a somewhat circular argument for the importance of insects, as many of the pests they control are also insects).fn2 Nonetheless, were it not for predators such as ladybirds, ground beetles, earwigs, lacewings, wasps and hoverflies, among many others, pest problems on our crops would be much harder to manage, and we would be forced to apply many more pesticides. Without pollinators, we would have to rely more on those few wind-pollinated crops that do not need them, but this would then make it harder to rotate crops from year to year, in turn making pest problems even worse.

The role of insects in pest control is unglamorous, sometimes gruesome, and usually unappreciated. Wasps, for example, would rank pretty low on any poll of people’s favourite insect, but that is perhaps because most people are unaware that the large majority of wasp species are parasitoids, many of which are extremely effective at reducing numbers of pests.fn3 In my own garden my brassica crops – cabbages, broccoli, cauliflower and so on – are often attacked by the voracious caterpillars of both large and small white butterflies, which chew holes in the leaves and, unchecked, can reduce a cabbage plant to nothing more than a stem supporting a network of the tougher, inedible leaf veins. Luckily for me the damage is usually limited by the arrival of Cotesia glomerata. These are ant-sized wasps, black with yellow legs, the females equipped with a sharp egg-laying tube with which they inject clusters of eggs into each unfortunate caterpillar. The resulting grubs consume the caterpillars from the inside, eventually bursting out en masse to spin a cluster of tiny yellow cocoons around the fresh cadaver of their host. Even the more familiar large yellow-and-black-striped wasps that plague our picnics in late summer are far more useful than is generally understood. They are both pollinators of wildflowers and voracious predators of crop pests such as aphids and caterpillars; perhaps we should not begrudge them tucking into a tiny fragment or two of our human food as well.

Insects can also be valuable in controlling unwanted or invasive plants, such as the prickly pear cactus in Australia. Prickly pears from the arid regions of the Americas were introduced to Australia in the 1900s to use as living fences for livestock. To my mind these are horrible plants, for they are smothered in sharp, barbed spines that are exceedingly painful and difficult to remove from flesh – I once fell into a prickly pear bush in Spain when trying to study paper wasps – so it seems an odd choice of hedging plant. In any case, the plant was not content growing in straight lines and quickly spread out of control, covering 40,000 square kilometres of Queensland in north-eastern Australia in an impenetrable, spiny thicket. In 1925 a drab little moth from South America, Cactoblastis cactorum, was introduced, and in no time at all had eaten its way through almost all of the cacti.

Insects are also intimately involved in the breakdown of organic matter such as fallen leaves, timber, corpses and animal faeces. This is vitally important work, for it recycles the nutrients, making them available once more for plant growth. Most decomposers are never noticed. For example, your garden soil – and particularly your compost heap, if you have one – almost certainly contains countless millions of springtails (Collembola). These minute, primitive relatives of insects, often under 1mm long, are named for their clever trick of firing themselves high into the air to escape predators, using their ferculae. This is a spring-loaded prong which normally lies flat against the underside of the abdomen, but can, when emergency strikes, be used to catapult the animal as far as 100mm. This army of minuscule high-jumpers does an important job, nibbling on tiny fragments of organic matter and helping to break them up into even smaller pieces which are then further decomposed by bacteria, releasing the nutrients for plants to use. Springtails are a vital and neglected component of healthy soils. Some are surprisingly cute too, with the more rotund species resembling tiny, chubby sheep (with a bit of imagination).

Decomposers may rarely be noticed, but their absence can have profound consequences, as cattle farmers in Australia found out in the mid-twentieth century. In most of the world, cowpats are fought over by an army of insects, and as a result don’t last long. Within seconds or at most minutes of their sloppy deposition on the grass, the first dung flies and dung beetles will appear, attracted by the alluring odour plume wafting on the breeze. Dung flies lay their eggs, which hatch rapidly into maggots that then consume the decaying, bacteria-rich organic matter. Dung flies can complete their entire life cycle in about three weeks. Some dung beetles have aquatic ancestors, and the adults swim through the liquid dung while it is fresh using their paddle-like legs. Many dung beetles lay their eggs in the dung pat, while others create burrows in the soil beneath it into which they sequester dung for their offspring. A few roll balls of dung several metres from the pat in the hope of escaping from the insect throng. Predatory rove and ground beetles arrive to eat the dung-feeders, and birds such as crows and hoopoes are attracted to probe for insect grubs. The burrowing of the numerous insects aerates and dries the pat, which eventually crumbles to nothing, its nutrients successfully recycled.

Aside from releasing nutrients, efficient disposal of dung by insects provides a second valuable service to farmers: it plays a major role in getting rid of gut parasites in livestock. The eggs of parasitic worms are passed out of an infected animal in dung, from where they can contaminate the grass and be ingested by another cow or sheep. By burying and consuming the dung, insects quickly dispose of those parasite eggs. Ironically, the parasite treatments now given to cattle make their dung toxic to insects, slowing the recycling of dung and exacerbating the very parasite problem they were supposed to treat.

By contrast, the problem the first cattle farmers in Australia faced back in the nineteenth century was that there were no native Australian insects able to cope with sloppy dung. Adapted to the arid conditions, Australian mammals – the marsupials such as kangaroos and wombats – produce faeces of a very different consistency to cows: hard, pellet-like droppings. Historically, the Australian dung beetles had adapted to feeding on this material, but were almost entirely incapable of coping with the dung produced by the imported cattle of the first European settlers. As a result, the cowpats took years to break down and began to accumulate, smothering the pastures and leaving less and less grass for the livestock. With each cow producing about a dozen pats per day, by the 1950s the area of Australia covered by cowpats was estimated to be increasing by 2,000 square kilometres per year.

The solution of importing dung beetles able to cope with cow dung was proposed in the 1960s by Dr George Bornemissza, a recent immigrant from Hungary, and so the Australian Dung Beetle Project was born. Bornemissza spent the next twenty years travelling the world searching for suitable species of dung beetle to introduce to Australia, focusing mainly on South Africa as the source due to its similar climate. Some previous deliberate introductions of non-native species to Australia had gone horribly wrong: for example, cane toads from South America, introduced to help control sugar cane pests, have themselves become a plague, proliferating to the point where there are now estimated to be about 200 million of them, eating everything except the pests they were intended to control. The newly introduced dung beetles, by contrast, were a roaring success. Overall, twenty-three different dung beetle species were introduced, selected particularly for the speed with which they could remove dung, and between them they are able to thrive in the various different climatic regions of Australia. Today, thanks to those beetles, cowpats in Australia magically disappear within as little as twenty-four hours.

Other insects, the undertakers of the natural world, are similarly efficient at disposing of dead bodies. With uncanny speed, flies such as bluebottles and greenbottles locate corpses within minutes of death, laying masses of eggs that hatch within hours into wriggling maggots that race to consume the carcass before other insects arrive. Their relatives, the flesh flies, have an edge in this race, as they give birth directly to maggots, skipping the egg stage entirely. Just as with dung, the flies compete with beetles, in this case the burying and carrion beetles, which tend to be slower to arrive but consume both the corpse and the developing maggots. Burying beetles drag the corpses of small animals underground, lay their eggs on them, and then remain to care for their offspring, guarding them against other burying beetles and also culling and eating some of their offspring if they judge that there are too many of them for the remaining food supply. The sequence of arrival of different insect species and their rates of development are sufficiently predictable for any particular environmental conditions even to be used by forensic entomologists to judge the approximate time of death of human corpses when the circumstances of death are suspicious.

On top of all this, burrowing, soil-dwelling insects help to aerate the soil. Ants disperse seeds, carrying them back to their nests to eat but often losing a few, which can then germinate. Silk moths give us silk, and honeybees give us honey. In total, the ecosystem services provided by insects are estimated to be worth at least $57 billion per year in the United States alone, although this is a pretty meaningless calculation since, as the esteemed biologist and all-round good guy E. O. Wilson once said, without them ‘the environment would collapse into chaos,’ and billions would starve. What price do we put on avoiding that?

It’s clear that many insects perform vital roles, but for most insects we simply do not know what they do. We have not even got round to naming four-fifths of the perhaps five million insect species that are thought to exist, let alone studied the ecological roles they might perform. In recent years drug companies have begun ‘bioprospecting’ the almost infinite number of chemical compounds found in different insects, and have found many new ones with potential medical uses, including new anti-microbial compounds which might help us tackle antibiotic-resistant bacteria, and also anticoagulants, vasodilators, anaesthetics and antihistamines. Every insect species that goes extinct means a treasure trove of potential drugs has gone forever.

As the conservationist Aldo Leopold said, ‘To keep every cog and wheel is the first precaution of intelligent tinkering.’ We are nowhere near understanding the multitude of interactions that occur between the thousands of organisms that comprise most ecological communities, and so we cannot say which insects we ‘need’ and which ones we do not. Studies of crop pollination have found that most pollination tends to be done by a small number of species, but that pollination is more reliable and more resilient over time when more species are present. After all, the numbers of different insect species fluctuate naturally from one year to the next; some might cope better with a cold spring, or heavy rain, or a drought, so the species that does most of the pollinating in one year might not be the main pollinator the following year, or in ten years’ time. Relying on only one pollinator such as the domestic honeybee is a dumb strategy, because if anything happens to it there is no back-up.fn4 As the climate changes so pollinator communities will change, and species that seem unimportant today could be the dominant pollinators of tomorrow. The same arguments can be applied to any of the other jobs that insects do; the more different types of insect we can hang on to, the better the chances that those vital jobs will keep getting done into our uncertain future.

The American biologist Paul Ehrlich famously likened loss of species from an ecological community to randomly popping out rivets from the wing of an aeroplane. Remove one or two and the plane will probably be fine. Remove ten, or twenty, or fifty, and at some point that we are entirely unable to predict, there will be a catastrophic failure, and the plane will fall from the sky. Insects are the rivets that keep ecosystems functioning. How close we are to the edge is unclear. In a few places we’ve already gone over. In parts of south-western China there are almost no pollinators left, and farmers are forced to hand-pollinate their apples and pears, as otherwise their crops would fail. In Bengal I have seen farmers hand-pollinating squash plants, and reports are coming in of farmers in parts of Brazil resorting to hand-pollinating passion fruits. Additionally, many studies around the world, ranging from blueberries in Canada to cashew nuts in Brazil, and French beans in Kenya, have found that the yields of insect-pollinated crops are lower in intensively farmed areas because of inadequate numbers of pollinators, whereas the yields are better on farms close to areas of native forests or other wildlife-rich areas, which act as a source of pollinating insects. In the UK, a recent study on Gala and Cox apple production found that farmers are currently losing about £6 million in potential income because the quality of their fruit is being impaired by inadequate pollination. Clearly in many parts of the world we are already at or beyond the point where
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