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To Karine, Tuva and Simen—I hope your generation takes better care of our six-legged lifesavers. . .


Nature is nowhere as great as in its smallest creatures.

PLINY THE ELDER, HISTORIA NATURALIS 11, 1.4, C. 79 CE
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Preface

I’ve always liked spending time outdoors, especially in the forest—preferably in places where signs of human life are few and far between and evidence of our modern impact scarce; among trees older than any living person, trees that have toppled headlong, nose-diving into the springy moss. Here they lie, in prostrate silence, as life continues its eternal round dance.

The insects come to the dead tree in hordes. Bark beetles party in the sap that ferments beneath the bark, longhorn beetle larvae trace ingenious patterns on the surface of the wood, and wireworms like tiny crocodiles greedily gobble anything that moves within the rotting wood. Together, thousands of insects, fungi, and bacteria work to break down dead matter and transform it into new life.

I feel incredibly lucky to be able to research such an exciting topic. I have a fantastic job: I am a professor at Norway’s University of Life Sciences, where I work as a scientist, teacher, and communicator. One day I might be reading about new research, digging deep and losing myself in scientific detail. The next, I’m due to give a lecture and have to look for an overarching structure in a given subject area—find examples and illustrate why the issue matters to you and me. Maybe it will end up as a post on our research blog, Insektøkologene (The Insect Ecologists).

Sometimes I work outdoors. I seek out ancient, hollow oaks or map forests affected to various degrees by logging. All this I do in the company of my wonderful colleagues and students.
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    When I tell people I work with insects, they often ask me: What good are wasps? Or: Why do we need mosquitoes and deer flies? Some insects are a nuisance, of course. But they are a vanishingly small minority compared with the myriads of tiny critters that do their little bit to save your life. But I have three answers for the troublesome ones.

    First, these annoying insects are useful to nature. Mosquitoes, gnats, and their relatives are vital food for fish, birds, bats, and other creatures. In the highlands and the far north, in particular, swarms of flies and mosquitoes are crucial to animals much larger than themselves, and on a vast scale. During the short, hectic Arctic summer, insect swarms can determine where the large reindeer flocks graze, trample the earth, and deposit nutrition in the form of dung. This has ripple effects that influence the whole ecosystem. Similarly, yellow jackets are useful, both for us and other creatures. They help pollinate plants, gobble up pests whose numbers we’d rather keep down, and provide food for honey buzzards and countless other species.

Second, helpful solutions may await us where least we expect them. This applies even to creatures we see as yucky nuisances. Blowflies can cleanse hard-to-heal wounds, while mealworms turn out to be able to digest plastic, and scientists are currently investigating the use of cockroaches for rescue work in collapsed or severely polluted buildings.

Third, many people think that all species should have the opportunity to achieve their full life potential—that we humans have no right to play fast and loose with species diversity driven by shortsighted judgments about which species we see as cute or useful. This means we have a moral duty to take the best possible care of our planet’s myriad creatures—including those that do not engage in any visible value creation, insects that do not have soft fur and big brown eyes, and species we see no point in.
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Nature is bewildering in its complexity, and insects are a significant part of the ingeniously constructed systems in which we humans are just one species among millions of others. That is why this book will deal with the very smallest among us: all the strange, beautiful, and bizarre insects that underpin the world as we know it.

The first part of the book is about the insects themselves. In the first chapter, you can read about their mind-bogglingly rich variety, how they are put together, how they sense their surroundings, and a bit about how to recognize the most important insect groups. Then in chapter 2, you’ll gain an insight into their rather strange sex lives.

After that, I’ll dig deeper into the intricate interplay between insects and other animals (chapter 3) and between insects and plants (chapter 4): the daily struggle to eat or be eaten, in which every creature battles to pass on its own genes. Yet there is still room for collaboration, in countless peculiar ways.

The rest of the book is about insects’ intimate relationship with one particular species: us—how they contribute to our food supply (chapter 5), clean up the natural environment (chapter 6), and give us things we need, from honey to antibiotics (chapter 7). In chapter 8, I take a look at new fields in which insects can lead the way. Finally, in chapter 9, I consider how these tiny helpers of ours are getting along and how you and I can help improve their lot. Because we humans rely on insects getting their job done. We need them for pollination, decomposition, and soil formation; to serve as food for other animals, keep harmful organisms in check, disperse seeds, help us in our research, and inspire us with their smart solutions. Insects are nature’s little cogs that make the world go round.
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Introduction

There are more than 200 million insects for every human being living on the planet today. As you sit reading this sentence, between 1 quintillion and 10 quintillion insects are shuffling and crawling and flapping around on the planet, outnumbering the grains of sand on all the world’s beaches. Like it or not, they have you surrounded, because Earth is the planet of the insects.

There are so many of them that it’s difficult to take it in, and they are everywhere: in forests and lakes, meadows and rivers, tundra and mountains. Stone flies live in the chilly heights of the Himalayas at altitudes of 20,000 feet, while brine flies live in the piping hot springs of Yellowstone National Park, where temperatures exceed 120 degrees Fahrenheit. In the eternal darkness of the world’s deepest caverns live blind cave midges. Insects can live in baptismal fonts, computers, oil puddles, and the acid and bile of a horse’s stomach. They live in deserts, beneath the ice on frozen seas, in the snow, and in the nostrils of walruses.

Insects live on all continents—although they are admittedly represented by only a single species on Antarctica: a flightless midge that can’t survive if the temperature happens to creep up to 50 degrees for any length of time. There are even insects in the sea. Seals and penguins have in their hides various kinds of lice, which remain in place when their hosts dive beneath the surface. And we mustn’t forget the lice that live in a pelican’s pouch or the water striders who spend their lives scudding six-legged across the open sea.

Insects may be tiny, but their achievements are far from trifling. Long before human beings set foot on this planet, insects had already taken up agriculture and animal husbandry: termites grow fungus for food, while ants keep aphids as dairy cattle. Wasps were the first creatures to make paper from cellulose, and caddis fly larvae were catching other creatures in netlike webs millions of years before we humans managed to weave our first fishing nets. Insects solved complicated problems of aerodynamics and navigation several million years ago and learned if not how to tame fire, at least how to tame light—even within their own bodies.

Insects Assemble

Whether we opt to count them by individual or species, there are good grounds for claiming that insects are the most successful class of animal on the planet. Not only are there incredible numbers of individual insects, they also account for well over half of all known multicellular species. They come in around a million different variants. This means that you could have an “insect of the month” calendar that featured a new species every single month for more than 80,000 years!

From A to Z, insects impress with their species’ richness: ants, bumblebees, cicadas, dragonflies, earwigs, fireflies, grasshoppers, honeybees, inchworms, jewel beetles, katydids, lacewings, mayflies, nits, owl moths, praying mantises, queen butterflies, rice weevils, stink bugs, termites, urania moths, velvet ants, wasps, xylophagous beetles, yellow mealworms, and zebra butterflies.

Let’s do a quick thought experiment: to get an impression of how species diversity is distributed among different groups of species, imagine if all the world’s known species—big and small alike—were given UN membership. It would be an awfully tight squeeze in the assembly chambers, because even if there were only a single representative for every species, that would still add up to well over 1.5 million representatives.

Let’s say we distributed power and voting rights in this “United Nations of biodiversity” according to the number of species in the different species groups. That would create new and unusual patterns, predominantly because insects would dominate, comprising more than half of all votes. And that’s before we consider all the other small species, such as spiders, snails, roundworms, and the like, which alone would account for a fifth of the votes. Next up, plant species of all kinds would total roughly 16 percent, broadly speaking, while known species of fungus and lichen would command around 5 percent of votes.

Where do we fit into this picture? When we look at species diversity like this, humanity doesn’t amount to much. Even if we were counted along with all the rest of the world’s vertebrates—with animals such as elk and mice, fish, birds, snakes, and frogs—we would still end up with a minuscule share of power, constituting a mere 3 percent of known species diversity. In other words, we humans are totally dependent on a host of tiny species, a significant proportion of which are insects.

Dwarf Fairies and Biblical Giants

Insects come in all shapes and hues, spanning a range of sizes that is barely matched in any other class of animals. The world’s tiniest insects, fairy wasps, live out the whole of their larval existence inside the eggs of other insects, which gives you a good idea of just how small they are. One of them, the teeny Kikiki huna wasp, is so tiny at 0.16 millimeter that you can’t even see it. It takes its name from the Polynesian language spoken on Hawaii, one of the places where it is found. Logically enough, it means something like “tiny dot.”

A sister species among the dwarf wasps has an even prettier name. Tinkerbella nana takes its genus name from the fairy in Peter Pan, while the species name, nana, is a pun referring to both nanos, the Greek word for “dwarf,” and Nana, the name of the dog in Peter Pan. The Tinkerbell wasp is so small that it can land on the tip of a human hair.
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It’s a giant step from there to our biggest insects. There are several rivals for this title, depending on what “biggest” means. If we’re talking longest, the winner is the Chinese stick insect Phryganistria chinensis Zhao: at 24.5 inches, it is longer than your forearm—but no thicker than an index finger. The subspecies was named for the entomologist Zhao Li, who spent six years of his life hunting down the super–stick insect after a tip from locals in the Guangxi region of southern China.

But if we’re talking about the heaviest insect, the Goliath beetle is well placed. The larvae of this African giant can weigh up to 3.5 ounces, roughly the same as a blackbird. The beetle was named after Goliath, the ten-foot-tall giant of biblical fame who struck terror into the hearts of the Israelites but was nonetheless slain by a stripling named David, aided only by a sling.


The Very First Insects Predate the Dinosaurs

Insects have been around for a long time, infinitely longer than us humans. It’s difficult to get a proper grasp on deep time: eons and eras, millions and billions of years. So perhaps it won’t mean all that much if I say that the first insects saw the light of day around 479 million years ago. Maybe it’s more helpful to point out that insects saw the dinosaurs come and go, by a long margin.

Once upon a time, long, long ago, the first plants and animals emerged from the sea and onto dry land. It was a revolution for life on Earth. Imagine, like Shaw in his book Planet of the Bugs, if we could have filmed that fateful moment—what an iconic video clip that would be: “One small step for bugs, one giant leap for life on Earth.” Unfortunately, we’ll have to settle for tracking the entrepreneurs of the insect world using fossils and our own fertile imagination.

Think back to the earth’s earliest days. A few million years have passed since the first adventurous bugs poked their heads out of the sea and decided to check out new, drier neighborhoods. We are in the Devonian period, somewhat anonymously sandwiched between two better-known eras, the Cambro-Silurian period (consisting of the Cambrian, Ordovician, and Silurian periods) and the Carboniferous period (the very basis of our oil-addicted society, with all its attendant wealth and climate change). Evolution has shifted into top gear, and the first insect is now a fact: down there on the ground amid the bracken and the plants shaped like crow’s feet shuffles a tiny six-legged creature with three body segments and two small antennae. It is the planet’s first-ever insect, taking the first tiny steps toward total world domination by its kind.

The close interaction between insects and other life forms was crucial from their very first day on dry land. Land plants improved the life chances of insects and other bugs by providing them with sustenance up there on the stony, barren earth. In return, the bugs improved the plants’ life chances by recycling the nutrition in dead plant tissue and creating soil for new growth.

The Wonder of Wings

One important reason for insects’ enormous success is that they can fly. What a fantastic innovation that must have been sometime around 400 million years ago! Now insects had access to something unique: equipped with wings, they could reach the nutrition in the plants more efficiently while simultaneously avoiding earthbound enemies. For the more adventurous, wings offered brand-new opportunities to disperse to new pastures. Access to airspace also influenced choice of partner, giving insects undreamed-of opportunities to flaunt their best features in new sky-high pickup joints.

We don’t know exactly when wings first developed. Perhaps they evolved from outgrowths on the thoracic area that may have served as solar collectors or a means of stabilizing the body after a jump or a fall. Perhaps the wings evolved from gills. Regardless, the most important point is that insects discovered that those gadgets of theirs were perfect for gliding down from trees or high plants. Insects with well-developed wing nubs got more food, lived longer, and as a result had more offspring, which, in turn, inherited the super–wing nubs. In this way, evolution ensured that wings became commonplace, and at a pretty rapid rate, too, in the context of geological timescales. Soon the air was alive with all manner of shimmering, whirring wings.

One point is crucial to understanding how wildly successful wings were for the early insects: nothing else could fly! There were not yet any birds, bats, or pterosaurs, and they would be a long time coming. That meant that insects had global dominance of the air for more than 150 million years. In comparison, our own species, Homo sapiens, has spent a total of just 200,000 short years on the planet.

Insects have survived five rounds of mass extinction. The dinosaurs first staggered out into the world after the third of those, around 240 million years ago. So next time you catch yourself thinking how irritating an insect is, bear in mind that this animal class has been on the planet since long before the dinosaurs. That alone merits a little respect, if you ask me.
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Small Creatures, Smart Design



Insect Anatomy

So how are they put together, these tiny creatures we share the planet with? The following section is a crash course in insect construction. It also shows that, despite their modest size, insects can count, teach, and recognize both one another and us.

Six Legs, Four Wings, Two Antennae

What exactly is an insect? If you’re in any doubt, a good rule of thumb is to start by counting legs—because most insects have six legs, all attached to the midsection of their body.

The next step is to check whether the bug has wings. These are also on the midsection. Most insects have two pairs of wings: forewings and hind wings. You have now indirectly grasped one crucial hallmark of insects: their bodies are divided into three parts. As one of many representatives of the Euarthropoda phylum, insects are formed of many segments, although in their case, these have merged into three pretty clear and distinct sections: head, thorax, and abdomen.

The old segments still appear as indentations or marks on the surface of many insects, as if somebody had cut them with a sharp implement—and in fact, that is what gave this class of animals its name: the word insect comes from the Latin verb insecare, meaning “to cut into.”

The front segment, the head, isn’t so unlike our own: it has both a mouth and the most important sense organs—eyes and antennae. Though insects never have more than two antennae, their eyes can vary in number and type. And just so you know: insects don’t necessarily have eyes just on their head. One species of swallowtail butterflies has eyes on its penis! These help the male to position himself correctly during mating. The female also has eyes on her rear end, which she uses to check that she is laying her eggs in the right place.

If the head is the insects’ sensory center, the midsection—the thorax—is the transport center. This segment is dominated by the muscles needed to power the wings and legs. It is worth noting that, unlike those of all other animals that can fly or glide—birds, bats, flying squirrels, flying fish—insects’ wings are not repurposed arms or legs but separate motor devices that supplement the legs.

The abdomen, which is often the largest segment, is responsible for reproduction and also contains most of the insect’s gut system. Gut waste is excreted at the rear. Usually. The minute gall wasp larvae, which live out their larval existence in the gall a plant builds around them, are extremely well brought up. They know it’s wrong to foul your own nest, and since they are trapped in a one-room apartment without a toilet, they have no choice but to hold it in. Only after the larval stage is complete are the gut and the gut opening connected.

Living in an Invertebrate World

Insects are invertebrates—in other words, animals without a backbone, skeleton, or other bones. Their “skeleton” is on the outside: a hard yet light exoskeleton protects the soft interior against collision and other external stresses. The outermost surface is covered in a layer of wax, which offers protection against every insect’s greatest fear: dehydration. Despite their small size, insects have a large surface area relative to their tiny volume, meaning that they are at high risk of losing precious water molecules through evaporation, which would leave them as dead as dried fish. The wax layer is a crucial means of hanging on to every molecule of moisture.

The same material that forms the skeleton around the body also protects the legs and wings. The legs are strong, hollow tubes with a number of joints that enable the insect to run, jump, and do other fun things.

But there are a few disadvantages to having your skeleton on the outside. How are you supposed to grow and expand if you’re shut in like this? Imagine bread dough encased in medieval armor, expanding and rising until it has nowhere left to go. But insects have a solution: new armor, soft to start with, forms beneath the old. The old, rigid armor cracks open, and the insect jumps out of its skin as casually as we’d shrug off a shirt. Now it’s crucial that it literally inflate itself to make the new, soft armor as big as possible before it dries and hardens. Because once the new exoskeleton has hardened, the insect’s potential for growth is fixed until another molting paves the way for new opportunities.

If you think this sounds tiring, it may be a consolation to hear that (with a few exceptions) the lengthy molting process occurs only in insects’ early lives.

A Time of Transformation

Insects come in two variants: those that change gradually through a series of moltings and those that undergo an abrupt change in the process of developing from child to adult. These transformations are called metamorphosis.

The first type—e.g., dragonflies, grasshoppers, cockroaches, and true bugs (the order Hemiptera)—gradually change in appearance as they grow, a bit like us humans, except that we don’t have to shed our entire skin in order to grow. For these insects, the childhood stage is known as the nymph stage. The nymph grows, casts off its exoskeleton a few times (just how many varies by species, but often three to eight times), and becomes increasingly like the adult version. Then, finally, the nymph molts one last time and crawls out of its used larval skin equipped with functioning wings and sex organs. Voilà! It has become an adult!

Other insects undergo a complete metamorphosis—an almost magical change in appearance from child to adult. In our human world, we have to turn to fairy tales and fantasy for examples of this sort of shape-shifting, such as kissed frogs turning into princes or Minerva McGonagall shape-shifting into a cat. But for insects, kissing and spells aren’t the cause of the change. The metamorphosis is driven by hormones and marks the transition from child to adult. First the egg hatches into a larva that looks nothing like the creature it will ultimately become. The larva often looks like a dull, pale, rectangular bag, with a mouth at one end and an anus at the other (although there are some exceptions, including many butterflies). The larva molts several times, growing bigger on each occasion but otherwise looking pretty much unchanged.

    The magic happens in the pupal stage—a period of rest in which the insect undergoes the miraculous change from anonymous “bag creature” to an incredibly complicated, ingeniously constructed adult individual. Inside the pupal case, the whole insect is rebuilt, like a Lego model whose blocks are pulled apart and put back together again to make an entirely different shape. In the end, the pupa splits and out climbs “a beautiful butterfly”—as described in one of my all-time favorite children’s books, The Very Hungry Caterpillar. Total transformation is brilliant and undoubtedly the most successful variant. Most insect species on the planet, 85 percent of them, undergo this type of complete metamorphosis. This includes the dominant insect groups, such as beetles, wasps and their relatives, butterflies and moths, and flies and mosquitoes.

    The ingenious part is that they can exploit two different diets and habitats as child and adult, concentrating on their central task in each phase of their lives. The earthbound larvae, whose focal point is energy storage, can be eating machines. Then, in the pupal stage, the accumulated energy is melted down and reinvested in a new organism: a flying creature dedicated to reproduction.
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The connection between larvae and adult insects has been known since ancient Egyptian times, but people didn’t understand what was happening. Some thought that the larva was a stray fetus that eventually came to its senses and crawled back into its egg—in the form of the pupa—in order to be born at last. Others claimed that two totally different individuals were involved, the first of which died and was then resurrected in a new form.

Only in the 1600s did Jan Swammerdam and his microscope demonstrate that the larva and the adult insect were the same individual throughout. The microscope enabled people to see that if a larva or pupa was carefully cut open, clearly recognizable elements of the grown insect could be found beneath the surface. Swammerdam enjoyed displaying his skills with scalpel and microscope before an audience and used to demonstrate how he could remove the skin from a big silkworm larva and reveal the wing structure beneath, complete with the characteristic veined patterning on the wings.

Even so, this did not become general knowledge until much, much later. In his journal, Charles Darwin noted that a German scientist was charged with heresy in Chile as late as the 1830s because he could transform larvae into butterflies. Experts still discuss the exact details of the metamorphosis process even now. Luckily, there are still some mysteries left in the world!

Breathing through a Drinking Straw

Insects don’t have lungs and don’t breathe through their mouths as we do. Instead, they breathe through holes in the sides of their bodies. The holes run, like drinking straws, from the surface of the insect into its interior, branching out along the way. Air fills the straws, and the oxygen then passes out of them and into the body’s cells. This means that the insects don’t need to use their blood to transport oxygen to the various nooks and crannies of their bodies. However, they do still need some kind of blood—known as hemolymph—to carry nutrition and hormones to the cells and to clear them of waste material. Since insect blood doesn’t transport oxygen, there is no need for the ferrous red substance that colors our mammal blood red. Consequently, insect blood is colorless, yellow, or green. That is why your car windshield doesn’t end up looking like a scene from a bad crime novel when you’re driving along on a hot, still summer afternoon but ends up covered in yellowish green splatters instead.

Insects don’t even have veins and arteries: instead, insect blood sloshes around freely among the bodily organs, down into the legs, and out into the wings. To ensure a bit of circulation, there is a heart of sorts: a long dorsal tube with muscles and openings on the side and at the front. Muscle contractions pump the blood forward from the rear, toward the head and brain.

Insects’ sensory impressions are processed in the brain. It is tremendously important for them to pick up signals from their surroundings in the forms of scent, sound, and sight if they are to find food, avoid enemies, and pick up mates. Although insects have the same basic senses as we do—they sense light, sound, and smell and can taste and feel—most of their sense organs are constructed in a totally different way. Let’s take a look at insects’ sensory apparatus.

The Fragrant Language of Insects

The sense of smell is important for many insects, although they lack a nose, doing most of their smelling through their antennae instead. Some insects, including certain male moths, have large, feathery antennae that can pick up the scent of a female several miles away even in extremely low concentrations.

In many ways, insects speak through smell. Scent molecules allow them to send each other various kinds of messages, from soppy personal ads such as “Lonesome lady seeks handsome fella for good times” to ant restaurant recommendations: “Follow this scent trail to a delicious dollop of jam on the kitchen counter.”

Spruce bark beetles, for example, don’t need Snapchat or Messenger to tell each other where the party is. When they discover an ailing spruce tree, they shout about it in the language of scent. This enables them to gather together enough beetles to overpower a sickly living tree—which then ends its days as a kindergarten for thousands of beetle babies.

We miss out on most of these insect scents, which we simply can’t smell. But if you wander beneath the greenery of ancient trees on a late-summer day in the town of Tønsberg, southern Norway, you may be lucky enough to pick up the most delightful aroma of peaches: it is the scent of the hermit beetle, one of Europe’s largest and rarest beetles, wooing a girlfriend in the neighboring tree. The substance it uses rejoices in the thoroughly unromantic name of gamma-decalactone, and we humans produce it in labs for use in cosmetics and to add aroma to food and drinks.

The scent is very helpful to the hermit beetle, which is heavy and sluggish and seldom flies, or not far at any rate. It lives in ancient hollow trees, where its larvae gnaw on rotted wood debris, and it’s a real homebody: a Swedish study found that most adult hermit beetles were still living in the same tree they were born in. This lack of interest in travel complicates the business of finding new hollow trees to move into, and the situation is hardly helped by the fact that old, hollow trees are an unusual phenomenon in today’s intensively exploited forests and farmlands. As a result, the species, which is scattered across western Europe from southern Sweden to northern Spain (though not the British Isles), is decreasing all over its range and is protected in many European countries. In Norway, it is considered critically endangered and can be found in only one place: an old churchyard in Tønsberg. Or two places, to be precise, because some individuals have recently been moved to a nearby oak grove in an effort to secure the survival of the species.

Flowery Temptresses

Flowers have realized that scent is important to insects—or rather, millions of years of mutual evolution have resulted in the most incredible interactions. The world’s largest flower, which belongs to the Rafflesia genus and is found in Southeast Asia, is pollinated by blowflies. This means that “a scent of warm summer sun meets a cool evening breeze with a hint of amber and sensual vanilla”—to borrow perfume industry terminology—isn’t going to cut the mustard. No, indeed. If you want blowflies to come visiting, you need to yell at them in blowfly language. That is why the world’s biggest flower smells like a dead animal whose carcass has been lying around in the heat of the jungle a couple of days too many—a stench of rotting flesh that is irresistible if you happen to be a blowfly.

But you don’t have to go the jungle to find examples of flowers that speak the insects’ language of scent. The fly orchid is a protected native European species, rare in Norway and the United Kingdom but widespread throughout central Europe. It has strange brownish blue flowers that look just like the female of a certain digger wasp species. And its beautiful appearance is supplemented by the right scent: the flower smells identical to a female digger wasp on the prowl. So what is a bewildered newly hatched male digger wasp, whose short life is dominated by a single thought, to do? He falls for the trick and tries to mate with the flower. When things don’t go so well, he moves on to what he thinks is the next female and tries again. No luck there, either. What he doesn’t know is that during these ill-fated pairings, he has picked up some yellow structures that contain the fly orchid’s pollen, so the male digger wasp’s feverish flirting contributes to the flowers’ pollination.

And if you’re concerned about the fate of the unfortunate male, please don’t despair. The real females hatch a few days after the males, and then things really start heating up. In this way, the existence of both the fly orchid and the digger wasp is ensured.

Ears on Their Knees and Deathwatch Beetles

Although communicating through scent is important for insects, especially if they’re searching for a mate, some rely on sound to find a partner instead. The grasshopper’s song is not designed to create the sound of summer for us humans but to find a girlfriend for the little green creature; it is usually the male calling out to the female, in the same way as male birds are frequently the keenest warblers. If you’ve heard the deafening wall of sound cicadas create in southern climes, bear in mind that it would be twice as loud if the ladies joined in. But as an ancient Greek saying has it, “Blessed are the cicadas, for they have voiceless wives.” Controversial as we may find this statement in modern society, let me just add that it may be pretty smart of the females to keep their lips zipped. Lovesick fellow cicadas aren’t the only ones attracted by the song. Scary parasites lie in wait listening, then sneak up to lay a tiny egg on the soloist. And although it might look quite innocent, it’s game over for the singer. The egg hatches into a hungry larva, which eats up the cicada from the inside out. Enough said.

Insects have ears in all sorts of peculiar places but rarely on their heads. They may be on their legs, their wings, their thorax, or their abdomen. Certain moths even have ears in their mouths! Insect ears come in a number of variants, and even though all of them are XXXS size, some of them are incredibly intricate. One type has a vibrating membrane, like a tiny drum, whose skin is set into motion every time sound waves from the air reach it. It isn’t unlike our own inner ear, just in a simplified miniature version.

Insects can also sense sound through different sensors connected to small hairs that pick up vibrations. Mosquitoes and fruit flies have these kinds of sensors on their antennae, while the bodies of butterfly larvae may be covered in sensory hairs, which they use to hear, touch, and taste. Some ears can pick up sounds a long way off, while others operate only over very short distances. It’s sometimes difficult to say what “hearing” actually is: for example, are you hearing or feeling when you pick up vibrations in the stem of the stalk of grass you’re perched on?

If you are small, you can use an amplifier to boost your sound—as do several species among the wood-boring beetles (Hadrobregmus pertinax and Xestobium rufovillosum). In the olden days, people thought that the sound they made was a forewarning of imminent death, but the actual explanation is much more prosaic. These beetles live out their larval existence in rotting woodwork, often in the timbers of houses. As adults, the beetles find partners by banging their heads against the wall. The sound transmits effectively through the woodwork and is picked up by both the beetles and us humans. This repetitive knocking is reminiscent of a ticking clock, or perhaps even more like somebody drumming his fingers impatiently on a table. According to ancient superstition, these sounds meant that somebody would soon die: they were a clock counting down the person’s final hours or the Grim Reaper waiting restlessly. It was probably just easier for people to hear the sounds at night in a quiet house, when, say, they were keeping watch at somebody’s deathbed.

Fiddling on the World’s Tiniest Violin

There are other insect sounds that we hear distinctly even in the clear light of day, such as the cicadas’ song. Even so, cicadas aren’t the winners in the competition for the world’s noisiest insects. Adjusted for size, an aquatic insect a mere 2 millimeters long is the one most likely to walk away with the prize, because the male water boatman, part of the Micronectidae family, competes for the ladies’ attention by making music. But how are you supposed to serenade your sweetheart when you’re the size of coarsely ground pepper? Well, the little water boatman does it by playing himself, using his abdomen as a string and his penis as a bow.

Several years ago, a team of French scientists set up underwater microphones to record the song of male water boatmen—the first-ever bootleg recording of this serenade. And what a hit it was in its way: the scientists believed they could prove that these tiny creatures with their fiddling penises exceeded all bounds of reason when it came to sound production. An average sound level of no less than 79 decibels made by a critter a mere 2 millimeters in length: on land that’s equivalent to the sound of a freight train passing by at a distance of around 50 feet.

It seems almost beyond the realm of possibility, and it may actually not be true, either, because it’s a complicated business to compare sounds underwater and in the air. Perhaps the water boatman will turn out not to be the world’s noisiest insect after all. But the fact that it fiddles with its own penis—well, you can’t take that away from it.

Tongues Beneath Their Feet

Imagine if you could walk barefoot through the forest in the summertime and actually taste the blueberries in the bushes as you stepped on them! This is what houseflies do. They taste with their feet. And flies are unbelievably hypersensitive, apparently a hundred times as sensitive to sugar as we are with our tongues.

But there are a few disadvantages to being a fly, on top of being a mostly unwanted creature to begin with. Flies don’t have teeth or any other equipment that would enable them to eat solid food, which dooms them to an eternally liquid diet. So what is a poor housefly to do when it lands on something tasty, like your slice of bread? Well, it uses digestive enzymes from its belly to turn the food into a smoothie. To do so, it has to regurgitate some of its gastric juices onto the food, which isn’t so great for us because it means that bacteria from the fly’s last meal—possibly far from anything we’d classify as food—may end up on our slice of bread. But it’s great for the fly, which can now suck up the food. The housefly’s mouth is like a spongy vacuum cleaner head on a short shaft. The whole thing is attached to a kind of pump in the head, which creates suction, allowing the fly to vacuum up the yummy, nutritious soup.

Houseflies’ poor table manners and somewhat varied diet, which includes items such as animal dung, are the reasons they spread infection. The flies aren’t dangerous in themselves, but, like used syringes, they can carry infections and pass them on to us.

And now that I think about it, maybe it’s just as well we humans taste with our tongue and not our feet. Blueberry shrubs are one thing, but the thought of going around tasting the insides of your shoes all winter long is hardly appealing.

A Multifaceted Life

Insects’ senses are adapted to their environment and needs. Whereas dragonflies and flies need good vision, insects that live in caves may be totally blind. Insects that come into close contact with flowers, such as honeybees, can also see colors, but their color spectrum is shifted upward, so they don’t see red light. On the other hand, unlike us humans, they can see ultraviolet light. This means that many flowers we see as monotone, such as sunflowers, have distinctive patterns for a bee, often in the form of “landing strips” that direct them toward the source of nectar in the flower.
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