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INTRODUCTION


I’ve been fascinated by insects for as long as I can remember. It’s their sheer diversity that does it for me – just over one million species, with millions more still out there and so much still to learn about their biology. Among the animals they are completely unparalleled in terms of species number and the breadth of their lifestyles, from spindly, blind cave dwellers to disc-shaped, sucker-cup-equipped larvae that only inhabit waterfalls and aerial beings of superb skill and flair, some of which migrate huge distances on the wing.


With so many species and individuals, they have their feet in a lot of pies, ecologically speaking. Whether it’s pollination, the recycling of organic matter, the churning of the soil or simply being eaten by larger animals, their reach is immense. Without them, ecosystems that support our food supply would collapse, and humans wouldn’t survive very long at all.


The purpose of this book is to give you a flavour of insect diversity. We delve into the biology and cultural significance of 70 remarkable species, grouped by size, shape, colour and pattern. I have also drawn on my experiences watching and pursuing insects, which has taken me to some remarkable places, from the deserts of Namibia to the forests of northern Myanmar. Hopefully, what you read and see here will make you want to go and find out more. Hone your powers of observation and you’ll be amazed at what you can find, even on your own doorstep.


The backstory


To better appreciate the diversity of the insects we see around us today, we need to know a bit about where they came from. Their story goes back a very, very long way with their likely origins at least 480 million years ago, when their ancient ancestors – marine crustaceans – began exploring the terrestrial frontier. They were hot on the heels of the first plants that were already greening the margins of the seas, steadily edging further inland. Between then and now, the Earth has been many different worlds, but the insects took to a life on land and made it their own, colonizing just about every terrestrial and freshwater niche, and surviving a number of mass extinctions. Not only were they among the pioneers of the land, but they were also the trailblazers of the air, taking flight at least 170 million years before any vertebrate got off the ground.


Set up for success


Why are the insects so successful? This is a good question, the answer to which is rooted in their body plan. Firstly, their skeleton – the exoskeleton – is on the outside. Not only does this provide all of the attachments for the insect’s muscles, but it also prevents water loss – pretty important for any self-respecting land dweller. Time and natural selection have moulded the exoskeleton into myriad appendages, from the delicate straw-like mouthparts of the mosquitoes to the shovel-like front legs of Mole Crickets and the elaborate wings of Moon Moths. The exoskeleton does have some limitations, namely that it doesn’t stretch, so must be periodically shed in order to grow, but this is the merest inconvenience given its many strengths.


Perhaps the most transformative innovation in the insect success story was the evolution of wings and the ability to fly. Fine-tuning the wings and their musculature opened up all sorts of possibilities. Flight enabled insects to better evade their enemies, to hunt prey and to seek out mates and new areas of habitat. The ability to fly long distances is not something we normally attribute to the insects, but lots of butterflies, moths, hoverflies, beetles and many more insects undertake enormous migrations every year.


Moving through the air at speed and covering more ground also spurred sensory refinement and innovation. The insects alive today have a suite of complex senses that belie their small size. There are mechanoreceptors on the surface and within their body which sense stretching, bending, compression and vibration. Many of these are used to sense the environment, such as the minuscule movements of air which might indicate the proximity of prey or predators, while others provide information on the position/orientation of the body. In some beetles and true bugs, mechanoreceptors have even been modified to detect the infrared from forest fires. Seeking out raging infernos might not seem like a sensible strategy, but the offspring of these insects can only develop in the wood of burnt trees, so they’ve evolved these remarkable heat sensors.


Hearing in insects normally involves receptors that pick up the tiniest vibrations travelling through the substrate, but some insects, like mammals, detect movements of the air via a drum-like membrane, which gives them among the sharpest hearing in the animal world. The ability to detect chemicals – i.e. taste and smell – is extremely acute in insects. These senses are normally concentrated on the mouthparts, but they can also be found on the antennae of many insects as well as on the feet and ovipositor of others. The life cycle of many insects hinges on being able to detect mates and food from afar, so their ability to sense individual molecules in the air is remarkable.


Insects are often furnished with two types of eye: simple eyes and compound eyes. Simple eyes detect light levels and can also adjust the sensitivity of the compound eyes, which can be relatively enormous and are made up of individual, tightly packed units. Each of these units captures an image that is relayed to the brain. Up until very recently, it was assumed compound eye vision was rather low resolution, but it turns out the light-sensitive cells in these eyes move rapidly and automatically in and out of focus, which provides a view of the world that is much sharper than previously thought. As well as giving insects a sharp view of the world, these compound eyes also have a very wide angle of view and are second to none when it comes to detecting movement. Most insects can also see parts of the colour spectrum that are invisible to us, e.g. ultraviolet light.


Dealing with the rush of sensory information that came with whizzing around in the air and navigating complex habitats, required more powerful brains, which are at their most sophisticated in insects such as social wasps and bees. Imagine being one of these animals. Tasked with foraging, you have to find food in the big, bad, complex world. This might mean flying several kilometres from the nest; that’s like us having to travel hundreds of kilometres to the supermarket. You find some food and then have to navigate your way back. Once back at the nest, you have to tell your sisters all about it. The brains of social insects have to cope with a lot of information and formulate the correct response. As well as lots of innate ‘hard-wired’ behaviours, these and many other insects can actually learn. Social wasps can recognize the faces of other wasps, while honeybees can count, discern if two symbols are different and even teach their sisters about the location of food, water and new nesting spots using symbolic language. Are they intelligent? Certainly, but our language and the framework we have for understanding intelligence is geared towards us and a few other vertebrates. The ‘otherness’ of insects clouds our understanding.


All of this biological complexity is squeezed into a tiny space – the insects embracing miniaturization like few other animals. Compared with a big body, a small body is ‘cheaper’ to produce and maintain, especially in terms of the various systems that are needed to get around the problems of ventilation, nutrient distribution and excretion. Small animals can also exploit niches that are completely inaccessible to larger animals. In addition, the capacity to exploit all sorts of niches is enhanced by the ability of most insects to undergo a radical transformation during their development. This process of metamorphosis has captivated people for thousands of years and it is another reason why these animals are so successful. The most diverse groups of insects – the beetles, flies, wasps, bees, ants, butterflies and moths – all go through metamorphosis. A separate larval stage and adult stage allow a division of labour in the life of an insect. The larval stage is an eating machine – dedicated solely to growth, while the adult gets all the fun and can spend its time mating and finding new areas of habitat. The other master stroke of this strategy is that because the larva and adult are so different and typically live in different places they won’t compete for resources.


As a rule, insects are very good at making more insects, with legendary fecundity and a rate of development that makes rodents look like career-minded professionals. Take the humble Cabbage Aphid, an animal capable of knocking out 41 generations in a single season. If all of these survived, we’re talking about 600 billion offspring from a single aphid in a single season. The super-charged reproduction of aphids and some other insects is because they do away with males for some or all of their life cycle. The females churn out copies of themselves. Perhaps the most important aspect of this rampant reproduction is that it cranks out mutations, a tiny proportion of which will be beneficial and allow the owners to adapt to a continually changing world.


Challenging times


Regardless of how successful they are, insects face a new challenge in the shape of us. Long-term data from lots of places around the world appear to show that some insects are in steep decline – a direct result of human activity. We’ve been very good at making more humans, our growing population bending more and more of the environment to our needs. The destruction and fragmentation of habitats, as well as pollution, especially pesticides, wipes out populations and species, leaving any survivors isolated and vulnerable to other calamities.


Many insect species are also threatened by climate change. Not only do rising temperatures reduce the fertility of male insects, but they also alter entire ecosystems, mess with the seasons and force species to move to stay within their preferred temperature range.


We’ve also lit up the world, our artificial lighting disrupting the normal behaviour of nocturnal insects. There’s even evidence to suggest that our wireless communication technologies and electricity transmission infrastructure might be frazzling insects and disrupting their ability to navigate through the landscape.


Still, with all the challenges they face, we must remember that insects are nothing if not resilient. They’ve been around for a very long time, coming through the various cataclysms that have wiped out trilobites, ammonites, non-avian dinosaurs and lots more besides. The environmental damage wrought by the overreach of the human species is undoubtedly reducing insect diversity and will continue to do so unless we change course. What about the long term and far into the future though: 10,000 years … 100,000 years … one million years? Insects will undoubtedly rebound from whatever we’ve inflicted on them. As long as there’s an Earth, there will be insects. Who knows, far into the future they might even get a crack of the whip, giving rise to an intelligent civilization. Now there’s a thought …
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BLUE MORPHO


Against a backdrop of verdant greenery flies a Blue Morpho (Morpho cypris), its undulating, frenetic flight revealing fleeting glimpses of the striking, iridescent-blue upper wings. With a wingspan of more than 10 cm, this is a stunning butterfly. Seeing one in any setting is quite something, but watching them in flight in the wild is a quintessential Neotropical experience.


The glorious shimmering blue of the upper wings changes depending on the angle at which it is viewed. No blue pigments are at work here. Rather, what we see is an example of structural colour. Look closely at the wing and you’ll see it’s covered in what looks like dust. This ‘dust’ is actually tiny scales, each of which is the flattened outgrowth of a single cell. Overlapping like miniature roof tiles, these scales are a mere 0.2 mm long and 0.07 mm wide. It is these scales that give butterfly and moth wings their colours and patterns.


Now, if you had a scanning electron microscope handy, you would see that the tiny scales of the Blue Morpho wing are far from just boring, flat structures. You would see slits formed by grooved ridges that look in cross section like stylized Christmas trees. The distance between these slits is about half the wavelength of blue light, so the blue light enters these slits and pings around the grooves and is eventually reflected, interfering with the incoming light as it does so. This is known as constructive interference, and it results in the blue light being boosted and enhanced as the shimmering iridescence we see. Other wavelengths of visible light are not reflected, hence why we only see the blue.


What benefit does the butterfly gain from having shimmering blue wings? We’re not entirely sure, but it may help them to evade their main predators – birds. With each flap of their wing, there’s a flash of blue and as the wings are folded in preparation for the downstroke the butterfly is momentarily much less conspicuous, blending into the background. Combine this with their energetic, erratic flight and they are very hard to track. Believe me, catching one is extremely difficult. Unlike us, birds can see ultraviolet (UV) light, and the iridescence and colour of the Morpho’s wings may be even more intense when seen in UV. This probably enhances the dazzle and momentary ‘disappearance’ of the butterfly in flight.


When at rest, only the underside of the Blue Morpho’s wings is visible. The muted colours of this surface, coupled with large eyespots, help them to blend in when perched on a branch or tree trunk.


Among the most striking butterflies, Blue Morphos have become a regular sight in butterfly houses, requiring a steady supply of eggs, caterpillars and pupae from the tropical forests where they are found. In some cases, these may be wild caught, which is bad news for them and the forests. However, there are growing numbers of butterfly farms in tropical areas that help to protect forests and provide locals with an alternative livelihood.


Actual size
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EPOMIS


Being rather small animals, insects are nearer the base of the food chain than the top, meaning they are on the menu for a huge range of other animals. There is a wide variety of vertebrates that specialize in eating only insects – just think of all the insectivorous bird and mammal species, not to mention all the other species that make short work of insects whenever the opportunity arises.


Of course, I understand that insects do have their place, but it is cause for celebration when they turn the tables on these larger animals – when prey becomes predator. This is extremely unusual and there are very few examples of insects predating vertebrates. Large aquatic beetle larvae and bugs (see page 69 – Giant Water Bug) do routinely catch and eat fish and amphibians. There are even documented cases of dragonflies predating small hummingbirds, but this is exceptional. In these cases, though, the insects in question are the same size, even larger than the unfortunate vertebrates in question.


One of the most remarkable cases of an insect turning the tables on a vertebrate – a real David and Goliath story – is that of the Epomis beetles, the larvae of which tackle prey way larger than themselves – frogs and toads to be exact.


Epomis larvae are purposeful-looking characters with outsize heads bearing enormous, recurved mandibles which bend back towards their bodies. They’re even adept at luring their victims, waving their mouthparts and antennae, mimicking the movement of the small prey these amphibians find irresistible. A curious frog comes to investigate, eventually making an open-mouthed lunge at what it thinks is an easy snack. It initially swallows the Epomis larva, but this is a mistake and something to be quickly regretted. Being swallowed, although seemingly risky, is all part of the beetle’s ploy. Try as the frog might to swallow what looked like a tasty morsel, the Epomis larva uses its grappling hook mandibles to latch in the frog’s throat.


There’s little the frog can do now. The larva might start to feed on the hapless victim from the inside, although, utterly appalled by what it has just attempted to eat, the frog can also regurgitate the beetle larva. This just prolongs the struggle because the larva changes its grip and latches onto the underside of the frog’s head. The demise of the frog is fairly quick, perhaps hastened by substances in the larva’s saliva. For such a soft-bodied animal, the Epomis larva is incredibly tough, surviving being swallowed and then regurgitated before feeding at leisure on the incapacitated amphibian.


Even adult Epomis beetles are partial to the odd frog or toad, but they are opportunists, attacking them from the rear and biting them in the hindquarters to paralyse the legs. Unable to flee, the frog is consumed by the beetle.









JEWEL WASP


Jewel Wasps (Chrysididae) are an object lesson in just how beautiful and complex insects are when we take the time to really look at them. The common name of these wasps is richly deserved as many of them sport a rainbow of sparkling iridescent colours. This is another example of structural colouration (see Blue Morpho on page 14) where microscopic structures in the exoskeleton reflect specific wavelengths of light.


The reasons why these wasps should have an embarrassment of riches in the structural colouration department is not fully understood. Most of them are extremely active, fast-moving insects, flitting around the nests of their hosts and nectaring on flowers. It’s possible the shimmering hues and patterns are a form of camouflage – protection against sharp-eyed birds. Wasps are active in bright sunlight and rarely keep still for long and the structural colouration may render them fleetingly invisible to a bird. In addition to the colours, the exoskeleton of these wasps is richly sculptured with dimples. The function of these is a mystery. They might add to the structural colouration somehow, improve aerodynamics or simply be a consequence of a thick, layered exoskeleton.


If this dazzling display is a form of camouflage, it’s of precious little use where they need it most though – to avoid detection in the nests of their hosts. The other common name for these insects is Cuckoo Wasps. Again, this name is well deserved because they surreptitiously enter the nests of other wasp and bee species to destroy the nest-maker’s egg(s) before laying their own. The Jewel Wasp’s offspring will gorge on the provisions diligently stocked by the nest maker.


If they’re caught in the middle of this heinous act by the nest maker, they’re in trouble. They could try and make a sharp exit, but it’s more likely that a fight would ensue which could easily end in a bit of a figurative bruising, even death. The extremely tough exoskeleton of the Jewel Wasp affords it some protection from the jaws and sting of a maternally enraged host, and it can even roll into a ball to present the very toughest parts of its armour to the attacker.


Avoiding a confrontation altogether would be much more sensible and at least one species of Jewel Wasp has a secret weapon that allows it to do just this. The nests that this particular Jewel Wasp species must enter belong to the Beewolf (page 118). These nests are underground and therefore pitch-black, so apart from literally stumbling upon them the only sense the host can rely on to detect the intruder is smell. The interloper has a chemical cloak though – its odour mimics that of the host, so it can prowl the subterranean brood chambers largely immune to detection.


As very visual beings, we often completely overlook this aspect of nature. In addition to bright colours and patterns, insects use complex cocktails of odours to communicate and deceive. The ability of this Jewel Wasp to mimic the odour of its host for nefarious purposes hints at the extraordinary interactions that take place all around us in the natural world, most of which remain to be deciphered.
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BONE-SKIPPER FLY


This is one distinctive fly, what with its bright orange head and metallic blue body and legs. It’s so distinctive that entomologists couldn’t find it for more than 150 years.


To be fair, not all that many people were looking for it, and its habits are, shall we say, interesting – certainly unsavoury and specific enough to have put off casual observers who might otherwise have spotted it. You see, these flies (Thyreophora cynophila), are completely dependent on large mammal carcasses, such as those of deer, boar, dogs, sheep, cows and horses. To make life even more of a challenge for themselves, the larvae of these flies like to feed on marrow from within the long bones and spine of these carcasses. This is quite some niche.


Originally described in 1798, after a specimen was found in Mannheim, Germany on a dead dog (hardcore entomologists like nothing more than rooting around in dried carcasses), the species turned up a few times until 1850. It wasn’t seen again until 2007, when some entomologists working near Madrid in Spain found six of them in their pitfall traps which had been baited with moreish, rancid squid.


Between 1850 and 2007, this fly acquired almost mythical status – well, among some entomologists. Things actually got a bit weird in the long hiatus and bold claims were made about it. For example, Carl Robert Osten-Sacken, a Russian diplomat and entomologist, claimed the fly’s orange head emitted a luminous shine. This was utter garbage, but this strange fly obviously loomed large in the imagination of fly-fanciers who had never actually seen it.
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Between 1850 and 2007, this fly acquired almost mythical status.





Since its rediscovery, this fly has turned out to be rather abundant in Spain and it has also been found in France. Why, then, did it evade entomologists for so long? I’ve already touched on the rather specific and off-putting habitat requirements, but it also turns out the adults are only to be found between January and March, the cold months when nearly all entomologists are holed up in their dens, putting specimens to the pin, dreaming of balmier weather. To add still further to their elusiveness, the flies are normally active at night. So, the long absence of this species is more about the dire shortage of fly-fanciers who like ferreting about in foetid carcasses at night … in the winter.
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