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			Dedication

			To my parents, Frances and Graham,

			for their endless love and support

		

		
			Introduction

			... and books that told me everything about the wasp, except why.

			Dylan Thomas (1952)

			When I was three years old, I lived in a tiny, forgotten village in West Wales called Cribyn. It’s easily missed on the map. But at the time it was my whole world.

			I remember the garden. A very damp garden. It was Wales. It may have been due to the dampness, or perhaps my father’s home brew that bubbled away on the patio, but the garden had a lot of slugs. To be honest, my memories of it are hazy but I remember the slugs because one day I ate one. My mother was horrified. After all, slugs, she told me, are revolting creatures.

			People pour salt on slugs when they leave their silvery trails on patios or lettuces, without considering how nature needs them or what they do for us behind the scenes. People throw other kinds of chemicals at other bits of nature they don’t like. My toddler-self wondered why people didn’t just eat the bits of nature they wanted to get rid of.

			This book is not about slugs. I don’t really have much time for slugs anymore. But maybe, deep down, the reason I am so fascinated with wasps is because of the slug, the one I ate in a lost village, in damp, beautiful Wales.

			You see, people hate slugs, just as they hate spiders, worms, leeches, ticks. And wasps. Maybe my garden slug incident explains why I graduated so rapidly from an interest in slugs to birds, bypassing the other creepy-crawlies that the world had taught me not to like. This included wasps. I didn’t like wasps at all. When wasps came near, I flapped. I screamed. I swatted. I ran. Just like you, perhaps. Ever since you were three.

			Then one day I found myself lying flat on the jungle floor of a Malaysian rainforest with a wasp nest dangling above my nose. For my PhD, I had painted each wasp with a few spots so that I could distinguish one from another. I’d been watching my painted insects for several weeks: I saw them being born, I saw them fight for a place in society, I saw some rise to motherhood and others submit to a life of hard labour. Then it was done: in my wonder at their doings, I fell in love with the least-loved, most enigmatic of insects – the wasp.

			Twenty-five years later, I am still asking questions about wasps, but (lamentably) mostly from my office at University College London, rather than a tropical jungle. The deeper I wonder, the more questions (and wasps) I find: why are there so many species? Why are wasps so diverse in form and function? How are they able to manipulate other insects so effectively? Why have wasps evolved societies so complex that they make ours look like childhood role play? Why are we not better harnessing the services of wasps as vital predators of pests?

			When I explain to strangers what I do for a living, they ask a different set of questions: why should we care about wasps? What do they do for us? Why do you study them? Why don’t you study something more useful … like bees? I explain that wasps are nature’s pest controllers, that they are probably more diverse even than beetles, that a world without wasps would be just as devastating as a world without bees, or beetles, or butterflies. My new friends shuffle with all the grace of a plastic bag at an organic food market. Yet on hearing the ‘bee’ word, they spot their chance of recovery and seize it to tell me how much they love bees. Safe territory. Wasps are forgotten, slipped into the recycling bin like unopened junk mail; my friends are relieved that the (wasp) conversation is over.

			I can’t blame them. Bees are good, and cute and useful. We love them, and rightly so. However, there are a mere 22,000 species of bees and there are over 100,000 species of wasps. Still, it is almost impossible to walk into a bookshop these days and not bump into a beautiful book about bees. Written by journalist, science writer or academic, there is a bee book to set any flavour of consumer buzzing. These tomes bounce off the media storms that have been generated by a burgeoning body of new science on the importance of bees, the plight of bee populations and the catastrophic effects that their decline is likely to have on our health, food security and happiness. It is not surprising that readers have an insatiable appetite for books about these adorable, helpful organisms.

			In stark contrast to bees, wasps are depicted as the gangsters of the insect world; winged thugs; inspiration for horror movies; the ‘sting’ in the tale of thriller novels; conduits of biblical punishment. Shakespeare, Pope Francis, Aristotle, even Darwin struggled to speak favourably of wasps, and questioned the purpose of their existence. Scientists have been victims of this culture too, shunning wasps as research subjects despite the endless forms of these creatures that remain to be studied. It seems the root of this hatred is the wasp’s sting, [1] its eagerness to keep on stinging, [2] and its apparent pointlessness in the natural world.

			For most people, wasps are the yin (dark side) to the yang (sunny side) of the bee. This analogy from Chinese philosophy is appropriate on many levels: it describes our feelings about wasps (negative) and bees (positive). It articulates our perceptions of how useful wasps (not useful) and bees (very useful) are to us. It also describes the complementary roles in ecosystems of bees (as pollinators) and wasps (as predators). The importance of wasps as predators has gone largely unappreciated, and this is one of my reasons for writing this book. Wasps are important in ecological and economic terms; they have as many ‘sunny sides’ as bees do, with their fascinating social behaviour, their beauty and diversity, and their evolutionary importance as the ancestral root to all bees and ants.

			Wasps hold hidden treasures of relevance to our own culture, survival, health and happiness. The ‘bee story’ was written by wasps before bees even evolved, and before wasps had shown humans how to make the paper on which the first bee book could be written. This book aims to balance the scales, to pull up a chair for wasps at the nature table of appreciation, and to transform the macabre repulsion that people have for wasps into the fascination and appreciation that wasps deserve.

			If you love bees, this book may bring uncomfortable news: bees are simply wasps that have forgotten how to hunt. The ‘original bee’ was a solitary wasp who turned vegetarian, replacing the protein of meat with the protein of plants – pollen – and so kick-starting the bees’ long co-evolutionary relationship with plants. This evolutionary shift in diet was not the birth of ‘usefulness’, though: the ancestor of the ‘original bee’ had proved equally important in the environment as a master regulator of other insect and arthropod populations.

			Wasps are also ancestors of ants: the first ant was a wasp that lost its wings. Today’s solitary hunting wasps provide us with glimpses of what the original bee and original ant would have been like. Wasps are a time machine, ready to reveal the evolutionary secrets of one of the most diverse animal groups and some of the most complex societies on earth. While there are at least 100,000 known species of wasps, there are probably several million undescribed species waiting in the taxonomists’ wings, and still their diversity has gone largely overlooked. The label of ‘wasp’ sits squarely under the shadow of the yellow-and-black-striped picnic-botherer of most people’s imagination. New data and techniques in molecular biology (genome sequencing) that permit fine-scale dissection of evolutionary relationships (phylogenies) have revolutionised species detection. It is becoming clear that wasps rival beetles not just in the number of species, but also in diversity of form and function. This science is making us think again about which of the insect groups really do run the planet.

			My view of wasps was changed on that damp forest floor of a Malaysian jungle by the drama of their societies. Despite their little brains, wasps live out soap-opera-style existences that sweep our television equivalents into the wings. Divisions of labour, rebellions and policing, monarchies, leadership contests, ASBOs, negotiators, social parasites, undertakers … wasp societies have it all. These citadels are products of evolution, and understanding why and how they evolved has been the driving force of my personal journey into the enigmatic world of wasps. Wasp social behaviour is genuinely fascinating, perhaps because of the parallels they share with our own social lives.

			The most widely recognised bee is the western honeybee – Apis mellifera. Thanks to a millennia-long, close cultural relationship between human and honeybee, we know a lot about the behaviour and life history of this species, and how to harness its ‘usefulness’ as pollinator and supplier of nutrition. By contrast, wasps have been scholastically neglected, and consequently our understanding of these remarkable creatures is lamentable. A good example is the honeybee of the wasp world – the yellowjacket wasp, Vespula vulgaris – which is simultaneously the most recognised wasp and the most despised insect across the globe. Over 150 years ago, Sir John Lubbock (1st Baron Avebury, and Charles Darwin’s neighbour) suggested that yellowjackets might be cleverer than honeybees. Astonishingly, we still know very little about the cognitive abilities of wasps but they are likely to be as impressive as those of bees, if not more so, as their prey is harder to catch. Insights into the remarkable social behaviours of the yellowjacket will surprise you.

			Globally, bees are worth around $350 billion annually as crop pollinators. What’s the economic value of wasps? We don’t know. But we do know that wasps are voracious predators. They eat a wide range of insects (and a lot of them), many of which will be pest species in agricultural landscapes. Some wasps are already valued for this role, such as parasitoid wasps, which have been exploited as agents of biocontrol across the globe. You might even have bought some yourself, to rid your house of the dreaded clothes moth.

			But the insects that most people identify as wasps – the hunting wasps, like the picnic-bothering yellowjacket Vespula – are not currently valued for their pest-controlling power. Scientists have not calculated how many tonnes of insect pests wasps remove from agricultural landscapes, nor the extent to which wasps may offer an economically viable alternative to chemicals as biocontrol agents. It is only now that we are beginning to appreciate the breadth of natural capital that is wrapped up in our planet’s biodiversity. Unwrap the wasps, and you may be amazed by their potential as biocontrol agents within a sustainable global agriculture that relies less on chemicals.

			Some of evolution’s most mind-blowing stories are of wasps as pollinators. Take fig wasps, for example: without these minuscule insects there would be no figs (or figgy pudding!). Some orchids have evolved to mimic (chemically and physically) a rather sexy-looking female wasp. The orchid doesn’t just look like a sexy female, it smells like one. Male wasps swoon helplessly from one flower to another, casually spreading orchid pollen along with their own fair seeds. Other orchids release a floral smell, mimicking that of a plant being attacked by juicy caterpillars. Greedy yellowjacket wasps detect these cues and come flocking in hope of picking off a tasty protein punch, only to be disappointed and inadvertently smothered with pollen. Apart from these extraordinary tales, wasp pollination is a much neglected subject. And this is despite there being an entire subfamily of wasps that feed only on pollen. Even their name – ‘pollen wasps’ – has failed to divert the interests of pollination biologists from the bee, fly and butterfly mainstays.

			At the pearly gates of invertebrate heaven, how might the good deeds of wasps stack up against those of bees, beetles, butterflies or even slugs? Wasps are exquisitely endless in form and function, and (probably) more species-rich than any other animal group. Their behaviours are secretive, surprising and mysterious; their societies are equally as wondrous as those of the much-loved honeybee. Wasps are stewards of our ecosystems as pest controllers, pollinators, seed-dispersers and guardians of micro-organisms. They may bring sumptuous feasts to our tables, could be measuring sticks of planetary health, and they are medicine cabinets waiting to be discovered.

			My hope is that this book will unravel the mysteries of wasps; that it will challenge your perceptions of them; that it will give you reasons to value them; and that it will stir new heraldry for these undiscovered gems of nature. In 1952, the poet Dylan Thomas recounted, with the confusing simplicity of childhood, his memories of Christmases in Wales. Among pointless presents of perceived importance were ‘books that told me everything about the wasp, except why’.

			This is the book that will tell you why wasps – the most enigmatic of insects – deserve a closer look.

				
					[1] Bees sting too!

				

				
					[2] Most bees also keep on stinging you too; it is only the highly barbed sting of the honeybee that gets stuck in your flesh, ripping out the innards of the insect when they try to detach themselves from you.
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			Part One

			The Problem with Wasps

			If I be waspish, best beware my sting.

			William Shakespeare, The Taming of the Shrew

			Prelude

			The problem with wasps is people. We are often rather ignorant. It’s not our fault: there is a lot to take in and understand about this rich, bountiful planet. We are easily distracted; we make rash judgements based on limited experiences. We are simply trying to make sense of a complicated world. We are curious creatures, knowledge-thirsty. But a little knowledge is dangerous.

			Take me and my slug. When I was three, society taught me that slugs are revolting; I extrapolated that negative, mucosal, social construct to all invertebrates.

			Until I was rescued by wasps.

			Part 1 of this book may surprise you. I hope it does. Please read it all to the end, otherwise you might find the rest of the book too unbelievable.

			I

			‘This is probably the weirdest phone call you’ll ever have,’ said Amit. ‘I want the victim’s sewn-up eyelids to undulate, squirm and bulge. And then big, gruesome wasps to burst out!’ He continued, elated, ‘Is this even possible? What wasp? How?’

			Thriller writer Amit Dhand was surprised to hear that of course there was a wasp that could do this. With so many species, there was going to be something that evolution had cooked up to fit his script. Perhaps a spider-hunting wasp, something like a pompilid, and probably a tropical species, as they tend to be the biggest ones.

			‘But how will they breathe under the sealed eyelid?’ he asked. ‘What will they eat?’ Amit was anxious. Sceptical.

			The eye could be a source of nutrition for a developing wasp, I explained. As with its natural protein source – paralysed spider prey – the pompilid wasp could lay an egg on the eye; the egg would hatch into a larva, which would feed off the eye tissue, before pupating (like a caterpillar chrysalis) and finally emerging as an adult. If wasp biology was not quite sensational enough for Amit’s readers, perhaps some of the colloquial names for pompilids might seal the bid – they’ve been called throat locker, horse-killer. Amit couldn’t quite believe that such a solution for his gruesome storyline existed (albeit with a little artistic licence). What he had been asking for wasn’t science fiction – it was evolution.

			In fact, Amit could have chosen any one of some 5,000 species of pompilid wasps to star in his thriller. Some of the tropical species are the size of a small bird – you can hear them coming, their wings helicopter-humming. They have one of the most potent insect venoms and are able to paralyse the largest tarantulas. Their speed, life-freezing venom and skittish behaviour enable them to capture spiders several times their own size. A single sting renders their prey as putty in the mother wasp’s mandibles; then she will drag the spider into a pre-prepared lair and lay a single egg on it. By the time the baby wasp is munching through its personal living larder, its mother has long since moved on to hunting and provisioning more offspring. It’s a military operation, with no room for nurture.

			Amit Dhand is not the first writer to have capitalised on our gruesome fascination with the behaviour of wasps. They feature in dozens of novels. Agatha Christie uses wasp poison as a murder weapon in her 1928 crime story, ‘Wasps’ Nest’. Eric Frank Russell’s 1957 science fiction novel Wasp plays on the panic and damage that a wasp can cause in an enclosed space, to unfold a story about how a small, insignificant infiltrator from earth can destroy an alien civilisation. Russell’s book has been described as a terrorists’ handbook, and has disturbing parallels with the 9/11 attacks on America over 40 years later. Even Shakespeare teaches us to beware of waspish behaviour (mostly from women).

			Expression of the fear, revulsion and horror we feel in the company of wasps goes back even earlier to some of the oldest literature. Almost 2,500 years ago, Aristophanes, the ‘Father of Comedy’, wrote The Wasps (422 BC), a work considered to be one of the greatest comedies of all time, named after the jurors in the play who cause trouble by inflicting a collective power over society. Wasps feature in religion too. God sends swarms of wasps to punish unbelievers in at least three books of the Bible. He was quite specific about the kind of wasp He summoned – it was always a hornet. Unfortunately, hornets don’t often swarm. Maybe He got them confused with honeybees. Following in these biblical footsteps, Pope Paul IV was pope for just four years (between 1555 and 1559), but he squeezed in a holy hit at the wasp: ‘Anger is as a stone cast at a wasps’ nest.’ This is indeed an accurate description of what happens if you throw stones at wasp nests (by accident or intentionally), but the same insect-fuelled anger would be elicited if you threw a stone at a bees’ nest.

			A Senegalese Creation story depicts wasps as the ‘Eve’ among animals. All the animals are asked to look away while God continues his work of creating the world, but the wasp can’t resist taking a forbidden peek. To punish the creature, God pinches her around the waist: ‘He squeezed the body at the waist so thin, so that it could neither hold a pregnancy nor pass an offspring … Henceforth the wasp was doomed to never know the joys of birth.’

			The ‘wasp waist’ is indeed a signature trait of wasps, and one that distinguishes them from their cousins, the bees. This Creation story goes on to tell us that the wasp has ‘divine know-how’ and that it constructs a nest into which it places the worm-like larvae of other insects, and from these it rears its offspring. That is a pretty accurate description of the life cycle of many solitary wasps, who provision their nests with other insects, often ‘worm-like’ caterpillars. Potter wasps are especially fond of nesting on the mud-hut walls of rural Africa: this Creation story was clearly informed by the observations of early entomologists.

			Such literary references – historic and contemporary – have capitalised on our generic, cultural fear of wasps and our stereotypically (negative) emotional response to them. The wasp has long been a powerful metaphor for an evil, devious character who does no good. While reinforcing a negative image of wasps, this has also perpetuated many misunderstandings about their life history and behaviour. The same ingrained cultural sentiment has spilled onto the silver screen too. The 1959 film The Wasp Woman topped the bill from a cultural and scientific perspective: a woman overdoses on an anti-ageing formula made from the royal jelly of a queen wasp, and at night she transforms into a murderous ‘wasp-like’ creature who devours (mostly) men.

			The Wasp Woman is gloriously cardboard in appearance and plot. But its creators clearly had an idea of what type of wasp their lovely screen star should emulate (that is, a yellowjacket ‘picnic’ wasp) and they appear to have understood that the insect’s appearance and behaviour can be manipulated through its secretions and nutrition. Royal jelly (often described less grandly as ‘white snot’) is produced from the glands of honeybee workers and fed to all of the brood when they are young, but it is only fed to those older larvae that are destined to be new queens. It is the honeybee’s secret ingredient that catapults a larva down a queen’s (not worker’s) developmental pathway. What a great biology-inspired spin for a film about a Wasp Woman whose behaviour is altered by this magic jelly.

			[image: ]

			Unfortunately, wasps don’t make royal jelly. In fact, we have very little idea how queen and worker castes are determined in wasps. There is probably some kind of cue that triggers the different developmental pathways and it is likely to be a nutritional one, as in the honeybee; but so far no one has looked at what this could be in yellowjacket wasps. The closest thing to royal jelly known in wasps is an abdominal substance produced by an unusual group found in Southeast Asia, the Stenogastrinae, or hover wasps. They are delightfully gentle, delicate creatures and you’d be excused for mistaking them for hoverflies, for that is what they do a lot: they hover. They also sport an exceedingly long and slender wasp waist, making them one of the wasp supermodels; and (like supermodels) they have a number of behavioural peculiarities, one of which is their egg-laying behaviour.

			‘Normal’ wasps (like a yellowjacket or solitary hunting wasp) lay their egg directly onto the intended substrate (which could be a spider, caterpillar or the bottom of a cell). Not so for the hover wasp. When a hover wasp female is ready to lay an egg, she performs an enviable yoga move that unites her bottom with her mouth parts; a sticky gelatinous material is squeezed out of her abdomen, which she clasps in her mandibles. A second yoga move (that involves rotating her sting up at right angles) deposits an egg onto this blob. The ‘egg and blob’ unit is then carefully glued to the bottom of an empty cell.

			We don’t really know what is so special about this abdominal substance and why hover wasps do things differently to all the other wasps, but it probably has nutritional functions for the brood, as well as forming a secure base on which to anchor a precious egg. Sticking with the royal jelly theme, therefore, a film entitled The Bee Woman would have been scientifically sounder but lack that lustrous alliteration, and was incompatible with the lead role transforming into a man-eating woman (bees being strict vegetarians). With such divisive messages bestowed on wasps via literature, art and film, it is hardly surprising that they are perceived with great hostility by most people.

			The most famous literary mention of wasps is probably Iain Banks’s 1984 novel The Wasp Factory, which isn’t about wasps except for a couple of passages about a disturbed teenager taunting captive wasps in the attic of his estranged family’s home. Banks is one of my favourite authors, yet there are only so many copies of The Wasp Factory that I can keep on my bookshelf. It is one of those books that I keep being given by people who have not actually read it themselves, but they know I study wasps and assume that I need a copy.

			The Wasp Factory was Banks’s first novel and was designed to get him some attention. It did. The book’s protagonist is a psychopathic multi-murderer, unknowingly transgender teenager called Frank Cauldhame who spends his time carrying out ritual killings of animals on a remote Scottish island, loosely based on the Isle of Islay. It is gruesomely compelling and a satisfying read if you’re into full-spectrum societal depravity, but it’s disappointing if you’re hoping for insights into wasps. The novel’s title refers to a kind of mini-beast torture chamber that Frank has built and hidden away in the attic. He uses it to subject yellowjacket wasps to unpleasant ‘choice-chambers’ of doom: a Russian roulette of options to choose from. How shall the wasp die today? Burned alive, crushed or drowned in urine? The wasps are just a sideshow to the storyline really – one of many heinous outlets for Frank’s revenge on his anguished and disturbed life. Pitched alongside animal sacrifices, child murders and the maggot-riddled brains of a baby, the prolonged torture and untimely death of a few wasps is probably the least disturbing part of the book.

			Imagine it wasn’t wasps that Frank put in his torture factory, but bees: imagine Frank snatching poor hard-working honeybees from their daily labour of floral love and subjecting them to the same hideous ends that his wasps suffer. Ah-ha! Now the emotions tumble: ‘That poor bee! What an evil, evil boy!’ Why do you feel this way about bees but not wasps? It may be because you know how useful and important bees are for pollination, or perhaps it’s the special relationship we humans have with the honeybee: our favourite domesticated insect, provider of honey and exhibitor of social pleasantries that we can relate to.

			After over 20 years of studying wasps, I had grown weary of the universal opinions of people about how they loathe wasps. I felt sure that there were people out there like me, who appreciated wasps for what they do and who didn’t see why wasps should be treated differently to bees. With two fellow wasp-fanatics, Alessandro Cini and Georgia Law, I concocted a plan to get to the bottom of why people felt such repugnance about wasps. We used the power of the internet to probe the emotions of the public towards wasps and bees, and to examine their understanding of what these insects do in ecosystems.

			The results proved good news for bees: from a pool of 750 people, almost all respondents scored bees as highly positive on a scale of emotions, indicating that they were big fans. Our respondents used productive, positive words like ‘honey’, ‘buzz’ and ‘flowers’ to describe them. People also scored bees very highly on their ‘value’ to the environment as pollinators, but gave them very low scores for their contributions as predators. This was great news: the public have an excellent knowledge of what bees do (and don’t do) in nature.

			What about wasps? My worst fears were confirmed. The emotional responses to wasps were a mirror image to those for bees: almost everyone rated wasps with a negative ‘emotion score’. Overwhelmingly, people used the same single word to describe wasps: STING! But, most concerning, people had no idea what wasps do in ecosystems. It was as if our respondents had plucked their scores from a lucky dip, blindfolded: the ratings they gave wasps for both ‘predation’ and ‘pollination’ were no different from random.

			Everything made sense: people felt negatively about wasps because wasps sting and because wasps are perceived as serving no useful role in the environment. Of course, bees sting too, and this was acknowledged in the data: ‘sting’ was also among the commonest words used to describe bees. But people appreciate bees despite their sting because of their good services in the environment – as pollinators. A bit of pain is bearable if there’s a hidden benefit. People also seemed to value bees, irrespective of their general interest in nature. Wasps, conversely, were more likely to be appreciated by people with a strong general interest in nature.

			Could it be that people only know a lot about bees because they hear a lot about them, everywhere they go? Bees are in the media throughout the year, from appeals like ‘Save the bees!’ to ‘Bee-bombs for your garden!’ and ‘Bee friendly, plant some flowers’. Perhaps this is also why people seek out information about bees more than they do for wasps: over the last five years, people have searched for ‘bees’ on the internet six times more often than they have for ‘wasps’. Most of the searches for ‘wasps’ came from people wanting to get rid of them. Wasps get little coverage in the news. In the UK, they are lucky to make the headlines in the late summer if there’s a shortage of ‘real news’ stories. Such stories are largely tabloid-hyped reports of ‘killer wasps’ and invasive species.

			The arrival of the yellow-legged Asian hornet (Vespa velutina) in Europe in 2004, for example, refuelled the public’s fear of wasps. This species is slightly smaller than the native European hornet (Vespa crabro), but it is a voracious predator. We have reasons to be concerned: it is spreading through Europe at around 100 kilometres per year, preying on native pollinators as well as domesticated honeybees. Media coverage of invasive species like the yellow-legged Asian hornet is extremely valuable in raising vigilance; having several million pairs of eyes and ears in citizens across a nation is priceless for the environment agencies trying to keep invaders under control.

			Unfortunately, these news reports have often been coupled with scaremongering and misinformation: why pick a photo of an inconspicuous, smallish dark hornet (which happens to be what Vespa velutina is) to illustrate your tabloid article on killer wasps when you can pick a photo of Vespa mandarinia – the world’s largest hornet with a wing span of 7.5 centimetres and a 6-millimetre sting which packs a venomous cocktail of compounds including several neurotoxins. This hornet flies at 40 kilometres per hour and dons a suitably scary bright-yellow face. Even I would think twice about approaching Vespa mandarinia (although apparently you would need around 58 stings at once for the neurotoxins to kill you). But, dear tabloids, please get your facts right: this is not the hornet that is invading Europe (although it is invading the USA, but that’s another story). The media-fuelled juxtaposition of monster-wasp stories against industrious-bee stories is not helpful.

			[image: ]

			Words used by the public to describe wasps (above) and bees (below). The bigger the type, the more people who used that word.
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			It’s hard to believe now, but several decades ago a genuinely scary bee story dominated the headlines, after a hybrid of the western honeybee Apis mellifera mellifera and the East African lowlands subspecies Apis mellifera scutellata was produced and released to the wild by accident. Brazilian biologist Warwick Kerr had been attempting to breed a strain of honeybee that would produce more honey and be more resilient to tropical environments. Disaster struck when several colonies of his Africanised hybrids escaped from apiaries in São Paulo State. The bees quickly dispersed and crossbred with the local western honeybee colonies. These insects became known as African killer bees, or Africanised bees.

			Over time this vigorous hybrid has spread throughout the Americas. Kerr’s strain is indeed highly productive: good news for beekeeping economics. However, it outcompetes the mild-tempered western honeybee simply by being better at harvesting pollen, having a higher reproductive rate and a stronger work ethic (they forage in weather that see Apis mellifera hide in their hive). They are also more aggressive and are more liable to swarm, making them harder for beekeepers to work with and more likely to kill people. But that’s old news now – beekeepers have adapted their management techniques and actively prefer to keep the Africanised bees over their western counterparts because of the higher productivity. The world has moved on since the 1970s. Scary bee stories no longer sell copy, while ‘blessed bee’ stories and ‘evil wasp’ stories do.

			We have learned to detest wasps because we’ve been taught to do so by our families, educators, media, literature and entertainment. It’s not our fault – we are products of our local cultures. Science must shoulder its share of responsibility for this. Over the last 30 years, there have been three times more scientific papers published on bees than on wasps, and conference talks on bees outnumber those on wasps four to one. The bee-bias in research has become more extreme over recent years, fuelled by large investments by governments into pollinator research, driven by our own self-servicing interests. In a world without pollinators, we go hungry.

			But funding streams cannot shoulder the blame entirely for science’s neglect of wasps. Some of our greatest minds have subtly sowed the seeds to promote scientific distance from them. It was parasitic Ichneumonid wasps that caused Charles Darwin to question the omnipotence of God and the story of Creation. In a letter to the botanist Asa Gray in 1860, Darwin wrote: ‘I cannot persuade myself that a beneficent and omnipotent God would have designedly created the Ichneumonidae with the express intention of their feeding within the living bodies of caterpillars.’

			Even contemporary wasp scientists concede the social stigma carried by wasps. American scientist Mary Jane West-Eberhard has devoted her life to studying wasps, but admits ‘they terrorize housewives, ruin picnics, and build large aerial nests that challenge fleet-footed stone-throwing boys the world over.’ William D. Hamilton, a scientist who has had the most profound influence on our understanding of social evolution, acknowledged that ‘Social wasps are amongst the least loved insects.’ And Phil Lester, a New Zealand scientist who has been working hard to control invasive wasps (kindly introduced by the British) in his homeland, embraced the hype of public revulsion to wasps and called his book on them The Vulgar Wasp.

			When scientific champions of wasps are struggling to describe these insects as anything but the gangsters of the insect world, what hope do wasps have? What happens in a world without wasps? We don’t know for sure because we lack the basic science to tell us precisely what they do. But we know that wasps must be important for functioning ecosystems and a healthy planet. We know that they prey on the insects that would otherwise be a nuisance to us. In a world without wasps we would almost certainly need to use a lot of chemicals to keep other pests at bay. This, at least, is a good argument to forgive wasps for their sting just as we forgive bees.

			It’s time to solve the enigma of these beautiful, diverse and mysterious creatures. Let’s give them a chance to prove themselves as worthy of our attention.

			II

			‘From so simple a beginning endless forms most beautiful and most wonderful have been, and are being, evolved.’ I like to imagine that Darwin was admiring the beauty and wonder of wasps in his garden when he wrote these closing lines to his magnum opus On the Origin of Species by Means of Natural Selection, the book that revolutionised our understanding of life on earth. Many groups of organisms could be described as ‘endless’ in form, but natural selection has had an especially delicious time with wasps – teasing, testing, modelling and remodelling their forms and functions, spawning mind-blowing diversity. But this book is not a wasp encyclopedia; I simply cannot include them all. In fact, no one could, because for every wasp that has been named, there are likely to be around ten other species that we’ve not yet discovered.

			I have to admit that Darwin was more likely thinking of beetles when he was writing his closing remarks for On the Origin of Species. Beetles are remarkable in their diversity: truly one of nature’s wonders. Indeed, the second most famous quote of another evolutionary biologist, J.B.S. Haldane, is that any intelligent creator of life must have had ‘an inordinate fondness for beetles’. His observation was pertinent at the time he said it (the 1950s) as the debate between evolution and religion was tipping in favour of evolution.

			If God really did create all beings on earth, He must have had a special penchant for beetles: they are the most numerous in terms of described species of any animal group, with 387,000 species. Accounting for cryptic species (those that look very similar to other species) and those yet to be discovered, scientists think that there could be around 1.5 million species of beetles. They are also among the most striking insects in appearance, from the flamboyant and exquisite to the ridiculous. In the absence of an intelligent creator, the diversity of beetles could have evolved through natural selection to attract members of the opposite sex, to repel salivating predators or to act as camouflage.

			Because beetles look so extraordinary, we almost certainly suffer from a form of beetle-bias, making us more likely to find and describe new species of beetles than any other insect. People have noticed, collected and catalogued them for hundreds of years. In the nineteenth century, any respectable naturalist would have proudly shown off their personal collection of beetles and excitedly competed with friends for the largest, brightest or most outlandish specimens. In our admiration of beetles, we have inadvertently skewed our knowledge of insects in their favour.

			Wasps belong to the order Hymenoptera, which includes bees and ants as well. There are around 150,000 described species of Hymenoptera. Of these, wasps make up over 80 per cent, with around 80,000–100,000 named species, almost five times more than there are bee species, and over 7 times more species than ants (which number about 13,000). Yet we notice and report wasps a lot less. In many parts of the world, wasp sightings are dominated by those of our friend the yellow-and-black-striped picnic wasp – the yellowjacket – that invades our personal space.

			Of course, the number of species described does not reflect how many there actually are. Over a million insect species have been described, for example, but scientists estimate that there are likely to be 5.5 million species of insects on the planet. One of the big problems in counting species is geographical bias: the most intensively sampled parts of the world (for example, North America and Europe) are among the least biodiverse. Every insect order is likely to be several times more species-rich than current numbers suggest, and the Hymenoptera [1] especially so, with 60–88 per cent of its species thought to remain undescribed. Even the most conservative estimates suggest that there are between 600,000 and 2.5 million species of Hymenoptera. In areas that have been well sampled, such as temperate regions and some specific tropical ecosystems, hymenopteran species already outnumber beetles.

			The vast majority of hymenopterans are hidden among the tiny and obscure parasitoid wasps. Parasitoids are insects that lay their eggs in (endoparasitoids) or on (ectoparasitoids) other organisms. When the egg hatches into a hungry larva, it proceeds to eat the living host alive as it grows. Parasitoids should not be confused with parasites, which spend their whole life living in or on a host, rather than just the larval stage. Some parasitoid wasps sport special severing structures on their heads which they use to tear their hosts open when they’re ready to leave home. Eating living prey from the inside out may sound terrifying, but these wasps don’t have the much-feared stings paraded by other wasps. In their place, parasitoids have an egg-laying tube called an ovipositor. Ovipositors are terribly useful: they reach places that other body parts could only dream of reaching. They can be inserted through tiny crevices into tree trunks, undergrowth or soil to deposit a precious egg, along with a cocktail of venom and cooperative viruses, into an oblivious caterpillar or beetle larva.

			Wasps are not the only insect parasitoids, but they are by far the most diverse, numerous and species-rich. They are also incredibly important, as they perform a critical role in ecosystems by regulating populations of other insects. It is no surprise that they have been used extensively by humans in biocontrol. In some parts of the world these insects are farmed on a factory scale to be released into fields of maize and sugar cane, where they seek out caterpillars and other pests to lay their eggs in.

			There are at least 80,000 described species of parasitoids. Most are diminutive in size: the tiniest are the fairyflies (Mymaridae – which are of course wasps, not flies), which can be as tiny as 0.14 millimetres, making them the world’s smallest insects. Others, like the Ichneumonid wasps, can be several centimetres long, or twice that size if you take their ovipositor into account. Body size matters in species discovery. Take the 4,200 species of beetles found in the UK (arguably the best-studied group of beetles in the world): the mean body size of newly described British beetles decreased significantly between 1750 (when records began) and 1850 because entomologists had been much more likely to spot, collect and describe larger-bodied species before they noticed the smaller-bodied ones.

			Given how tiny most parasitoid wasps are, discovery of their species starts at a disadvantage. To make matters more complicated, there are parasitoid wasps that lay their eggs on other parasitoid wasp larvae! These hyperparasitoids (parasitoids that live off other parasitoids) are often even smaller than their hosts – they are ‘micro-wasps’. They represent a fourth layer of the food web: the hyperparasitoid wasp lives off the parasitoid wasp that lives off the caterpillar which lives off the host plant. Such multi-layered trophic chains can be unimaginably complex and are exhaustingly intricate examples of the endless forms of wasps and the plants and animals their lives are entwined with.

			Finding parasitoids is just the first step; identifying them is exceedingly tricky too. Until recently only a handful of scientists around the world could do this as it required specialist knowledge of specific taxonomic traits, limiting the rate at which new species could be described even if they’d been discovered. But whenever scientists have taken a closer look at these creatures, they find many new species. This is especially so now with the use of DNA markers, which has made distinguishing similar-looking species less of a specialist skill and has exposed cryptic species that previous techniques had failed to identify. As a result, the number of named species of parasitoid wasps has exploded. It seems possible that wasps may in fact be the most species-rich of all insects, catapulting Haldane’s fondness for beetles into a dusty corner of twentieth-century biodiversity science. We need only to visit a small area of a Central American rainforest and a 34-year-long study of caterpillars to understand why.

			Área de Conservación de Guanacaste is a national park in north-western Costa Rica. It is around 1,200 square kilometres – a little smaller than Greater London – and is a protected area with diverse habitats and rich biodiversity. Over the last 34 years, scientists have reared thousands of caterpillars collected from this reserve, and from these caterpillars emerged many thousands of parasitoid wasps, most of which were undescribed. The researchers have their work cut out, sorting through all these wasps; but they’ve made a start by focusing on a single genus of a braconid micro-wasp, Apanteles, which are of economic interest because they have been used widely in biological control of caterpillar crop pests. In this part of Mesoamerica, only 19 species of Apanteles wasps had previously been described. From among 4,100 individual wasps, the scientists named no fewer than 186 new species: that’s almost ten times more species of this genus than were previously known for this region. Remember, this is a single genus of wasps from a very small corner of the world.

			Are we underestimating the number of species of parasitoid wasps by a factor of ten? If so, we’d be looking at there being in excess of 800,000 species of parasitoid wasps across the world. Of course, this may be an overestimate, as Área de Conservación de Guanacaste is known to be highly biodiverse. As an example, the region has five times more beetle species than are found in the whole of the UK. The UK is one of the least biodiverse nations on the planet, but even assuming that the species richness of this small area of Costa Rica is five times that of any other area in the world, this would still bring the predicted global number of species of parasitoid wasps to 160,000 – that’s more than all the described hymenopterans put together.

			If you aren’t convinced by this, a foray into the ecology of parasitoids might persuade you. Beetles are up there with caterpillars as being the most favoured hosts for parasitoid wasp brood. Based on the known diversity of beetle hosts, and the fact that several different species of wasp can parasitise the same host beetle species (some parasitise larvae, others eggs), scientists have estimated that there are likely to be between two and three times more parasitoid wasp species than there are beetles. Before these studies, it was thought that parasitoids accounted for almost 80 per cent of described wasp species, but developments like these send diversity estimates for wasps into orbit.

			If there is an intelligent creator of life on earth, almost certainly they had an inordinate fondness for parasitoid wasps.

			My grandmother was a hoarder. She lived through two world wars and knew how important it was to value things, to look after them and keep them in order so that they could be found quickly and used when needed. She was especially careful with her buttons. Meaty wooden buttons for woollies, slippery cool buttons for shirts, modest brown buttons for trouser flies, lavish mother-of-pearl buttons for the Sunday frocks. When a garment died, she’d anxiously recover the buttons and secrete them away in her mysterious sewing cabinet, a labyrinth of furtive order. Each button was treated personally to this ritual, no matter how wild or simple its past, and laid with respect alongside its nearest buttony kin. Hundreds of them rattled with entitlement, precious playthings of my grandmother’s discipline.

			Their position and grouping in the cabinet was critical: each box was a protected enclave of buttons with shared beauty, form and function and which told common stories of past utility and future hope. Abutting boxes sheltered close relations: silky-green buttons stared out of their box at smooth-buttoned grey neighbours; floral-shaded buttons blushed alongside their baby-blue relatives. The arrival of a new button that did not match those of an existing box aroused uneasy excitement for both buttons and grandmother. On a bad day this would result in a large-scale reorganisation of buttons and boxes. As a child, I coveted my grandmother’s button collection, but I wouldn’t dare touch it; these were sacred places, laced with the order and precision of an evolutionary biologist’s phylogenetic tree. Only she had the authority to order and reorder.

			If my grandmother’s buttons had been wasps, she would have been riddled with angst. Not because of them being wasps, but because of the difficulty she would have had in putting them in useful order. Granted, buttons can be endlessly beautiful and wonderful in form, but wasps are even more so and their traits and relationships are mysterious and complicated. Moreover, new species are being discovered and described faster than you can sew on a new button; some of these have unexpected qualities that upturn wasp relations with all the commotion of a rogue button in my grandmother’s cabinet.

			A button is just a button (my grandmother would disagree) and has a mere 2,000-year history, but wasps are 280 million years older than the oldest button and more eclectic and diverse than the world’s combined haberdashery collection. In fact the term ‘wasp’ is a pitifully loose descriptor for such an assorted assemblage of insects. That there are so many species of wasps and of such diversity is both a headache and a joy for the evolutionary biologist: a headache because if we’re missing data for too many species, any reconstruction of their family tree may be wrong; a joy because wasps have biological innovations that no other insect order has dared to evolve. This is why the wasp family tree matters to scientists and why they have argued over it for decades.

			An evolutionary family tree helps us understand how, when and why a group of organisms, and their inner diversity, have evolved. The wasp phylogenetic tree reveals why some wasps are parasites, why some acquired that supermodel waist, and why some changed their egg-laying equipment into a poisoning device (the sting). It reveals how they have switched diet several times, and befriended and manipulated plants; and how a few became social, and others lost their wings to make ants, or turned vegetarian to become bees. To know these things, we need an accurate map of the evolutionary life of wasps.

			Until recently, recovering such a tree of life for any organism relied on retracing the path left by shared traits – usually morphological ones – across species. Molecular sequencing methods are changing this because we can now look for differences and similarities in the DNA of different species. Those that had previously been grouped together based on physical appearance may have to be shuffled around to group with others, thanks to a combination of shared DNA and physical traits. Because of DNA sequencing technologies, our understanding of species’ relationships is progressing at such a rate that the evolutionary history of the Hymenoptera has had to be rewritten many times over the last few years. But now is a good time to be getting to grips with the evolutionary history of wasps and their relations. While our understanding of the details will almost certainly need updating as more data for more species are uncovered, the broad-scale insights into the origins and the evolution of wasps and their relatives are unlikely to change radically.

			Here’s what the wasp tree of life has unveiled about the endless forms of wasps … [2]

			Current estimates put insects at around 479 million years old, making them the oldest land animals. One hundred and thirty million years later, holometabolous insects appeared: these are the insects that separate youth from adulthood with metamorphosis. Every child knows this as the process by which a worm-like, hungry caterpillar (the larval stage) spins a cocoon (the pupal stage), reorganises its body plan and emerges as a wing-clad, beautiful butterfly (the adult stage). Many familiar insects are holometabolous – the Diptera (flies), Lepidoptera (butterflies and moths), Coleoptera (beetles), Trichoptera (caddisflies) and the Hymenoptera (bees, wasps and ants). When the first hymenopteran came along a mere 280 million years ago, it was a wasp.

			The prototype wasp was a vegetarian, and a rather inelegant-looking creature without a sting. We know this because this is what its ancestors – the sawflies – are like. In the absence of fossils, extant representatives of an extinct species give us a glimpse into the forms of the evolutionary past. The catch-all term for sawfly is ‘Symphyta’ (also known as wood wasps or horntails). Derived from the Greek symphyton, which means ‘grown together’, the name refers to the sawfly’s lack of the wasp waist. They also lack the agile flight and hard-cuticle armour of their more waspish relatives. Sawflies are most certainly the broad-bellied maiden aunts of the wasp world: stumpy, fierce and functional, they trail a chunky ovipositor on their rear, corrugated like a saw to cut into the plants in which they lay their eggs.

			Not that they’ve been left on the evolutionary shelf: these rotund wasps diversified rapidly and today are represented by at least 8,000 species and, unusually for an insect, sawflies are hyper-diverse in temperate regions. They include the emblematic giant horntail: a monstrous 20-millimetre-long beast that mimics the yellow and black stripes of a hornet, the female’s ovipositor protruding rudely from her bottom, giving the appearance of a stinger. But sawflies cannot sting – the ovipositor only evolved into a sting in another bunch of wasps, 25 million years after the ancestral sawfly appeared. Adult females typically live only for a week or two, and they lay their eggs in plants, not prey. Their larvae are easily mistaken for the caterpillars of butterflies or moths, and are often brightly coloured, warning curious predators of their irritating secretions. The mobile caterpillar-like larvae chomp their way around a host plant for several months before entering metamorphosis.

			The oldest living representative of the sawflies may be a xyelid, a relatively species-poor family but one which boasts the oldest hymenopteran fossil dating back to the era of the dinosaurs, around 245 million years ago. Today’s xyelid sawflies are regarded as ‘living fossils’ because they appear to have changed very little since they first evolved. They can therefore provide us with a time-machine view of the original wasp’s life history. Xyelids lay their eggs in pine cones and the larvae feed off leaves, buds or young shoots. When the larva has had its fill, it drops to the ground, where it builds a little cell in which to overwinter. Given their diversity and abundance, it’s no surprise that these vegetarians sometimes cause economic and ecological damage to forests. The original wasp was (and still is) an enduring beast of ecological and evolutionary victory.

			Around 240 million years ago, some wasps developed a taste for meat, sparking a huge speciation event and giving rise to the rest of the wasps. The last vegetarian wasp probably resembled today’s turnip sawfly, Athalia rosae – a rather uninviting-looking orange insect with an ugly hunched back; anyone other than a sawfly expert would mistake it for a fly. From this Quasimodo-esque ancestor, wasps made two attempts at evolving flesh-eaters. One was a type of sawfly, the Orussidae. The Orussidae are exceedingly elusive: their blind, legless larva spend all their time inside dead wood, where their favourite prey – wood-boring beetles – live. As with all meat-loving wasps, it is only the larval stage that is carnivorous. The adult mother finds a beetle larva host under the bark of dead wood by detecting the vibrations it makes; she is effectively echolocating through a solid medium. She drills through the plant with her saw-like ovipositor and lays a long curly egg directly onto the beetle larva. On hatching, the sawfly larva feeds off its living meal before gnawing its way out of the plant as an adult.

			These parasitic sawflies have remained rather understudied, buried with their silent victims in wooden nurseries. It is not difficult to imagine the conditions by which a switch from feeding on plants to feeding on insect prey might have arisen: any vegetarian sawfly larva could be forgiven for accidentally nibbling on an insect cohabiting their host plant. It would have been a small hop, skip and evolutionary jump to evolve ways to make use of this nitrogen-rich food source in place of plants.

			In shedding their vegetarian ways, these parasitic sawflies also downgraded their sensory system. They lost a gene involved with vision; sight is overrated in dark, wooden nurseries where there is no sunlight to detect or respond to. The sawflies lost some of the genes involved in detecting chemicals and smells too: while vegetarian sawflies use smells to detect host plants, parasitic sawflies use vibrations to find their prey. Intriguingly, the nutritional switch from plant to prey didn’t result in a reformation of their digestive system. This is surprising, because digesting nitrogen-rich prey instead of nitrogen-poor plants could be expected to require significant innovation at the level of the genes. Scientists think that the diverse diets of adult vegetarian sawflies – which include nectar, pollen and plant tissue – may have already required a complex repertoire of metabolic processes, which were then easily co-opted in the transition to carnivory.

			The evolution of carnivory in the parasitic sawflies has been modest. They are the monks of the Hymenoptera and today represent only 1 per cent of sawfly species. A quiet life in a dark rotting cell, with a single host for company, may not be the place to inspire evolutionary thrills and innovations.

			In a parallel evolutionary universe to the sawflies, another group of wasps – the parasitoid wasps – became flesh-eaters and they proved exceedingly successful. They are the descendants of a single plant-dwelling insect that lived in the Permian or Triassic periods, around 247 million years ago. The parasitoid wasps began to diversify only a few million years later, at a time when coincidentally their host lineages (Lepidoptera, Diptera) also started to proliferate. Today, every species of caterpillar, fly and beetle probably has at least one parasitoid wasp that exploits it. But acquiring a taste for a diversity of flesh cannot have been the only trigger for the mega-radiation of parasitoid wasps and their relatives, as otherwise parasitoid sawflies would surely have diversified in a similarly prolific way.

			Something else has been going on.

			The wasp waist is evolution’s invention that best explains the success of parasitoid wasps. The much-envied corseted silhouette formed around 240 million years ago when the wasp’s first abdominal segment fused with the thorax to form an elongated waist known as the propodeum. The wasp waist has functions beyond elegance. Shedding the clumsy, thick-waisted fashion so adored by sawflies afforded wasps manoeuvrability of their derrières. Ovipositor-clad abdomens could now be folded over and under the body, allowing the wasp to access the most hard-to-reach locations. Prey could no longer hide from this acrobatic and nimble apparatus. Articulated bodies paired with excessively long ovipositors became all the rage in the boom years of the parasitoid wasps. Along with whole-scale body miniaturisation and endoparasitoidism (laying eggs inside a host rather than on it), speciation events exploded as wasps adapted to exploit all manner of prey in any location.

			All this was accompanied by a huge diversification in other insects, providing a smorgasbord of potential prey victims. Parasitoid wasps evolved a heightened sense of smell and a more acute ability to detect vibrations, enabling mothers to spot the presence of a wider diversity of prey in ever more locations. They also tweaked their ovipositor to deliver venom along with an egg, which helped numb prey into becoming more compliant living larders for wasp offspring. Many endoparasitoid wasps also evolved a special relationship with a virus that they inject along with the egg and venom into the host caterpillar. The virus suppresses the host’s immune system, boosting the chances of survival and the quality of the developing wasp larva. So intimate is the relationship between wasp and virus that they have mingled their genomes to create a unique type of virus. As well as preventing the caterpillar’s immune system from attacking the parasitoid larva, the virus alters the composition of the caterpillar’s saliva, further suppressing the plant’s immune system and allowing the caterpillar to grow faster and making a juicier meal for the baby wasp.

			It has all the makings of a perfect love story of symbiosis. Except nature rarely spins such kind and simple just-so stories. The virus also inadvertently sends secret signals to another species of wasp – a hyperparasitoid, enticing it to exploit the virus’s very own partner. By altering the caterpillar’s saliva, the plant it feeds on is also stimulated to release airborne chemicals that hyperparasitoid wasps use to find parasitoid wasp larvae. A veritable Jekyll and Hyde, the virus helps our parasitoid wasp with one hand and stabs it in the back with the other. The complex interactions of such multi-layered relationships are matched only by the surprise and absurdity of a Shakespearean comedy, with a modern-day twist. The ecosystem that revolves around parasitoids is one of nature’s most complex stories of interconnected adaptation, innovation, cooperation and exploitation: parasites evolve to be better exploiters, hosts evolve to avoid being victims, hyperparasites and viruses evolve to hitchhike with (and manipulate) whoever they can, in whatever way they can. If this doesn’t blow your mind, I don’t know what will.

			Some of the most famous parasitoid wasps have reverted to the vegetarian life of their sawfly ancestors and evolved a special relationship with figs. All 900 species of fig wasps belong to the family Chalcidoidea. Their relationship evolved around 70–90 million years ago, and they remain important pollinators today. The fig provides a cosy nursery in which the young wasps develop (and mate); and when the female wasps burst from their pollen cradles as adults in search of another plant in which to lay their own eggs, the fig benefits by having its pollen carried to a nearby fig neighbour. Until recently, different species of fig wasp were thought to have faithful liaisons with specific fig species, forming fig-wasp matches made in reproductive heaven. However, scientists have discovered that due to a fair bit of wasp-fig infidelity, the figs have hybridised extensively, further driving the diversity of both plants and wasps.

			Other parasitoid-turned-veggie wasps have become the strangest farmers on the planet. These are the gall wasps (Cynipidae). Like the eruptions on a teenager’s acned chin, gall wasps cause nodules to grow on a wide range of trees, including oak, Southern Beech and rose plants. The wasps appear to induce the trees to grow protective casings around their eggs, which are laid on the undersides of leaves or stems. As if protection wasn’t enough, the plant also provides the developing wasps with nourishment. Unlike the fig wasps, there doesn’t appear to be any synergistic benefit between wasp and plant: the growth of the gall seems to be under the control of the wasp, not the plant. The plant is therefore providing a service to the wasp, without any benefit to itself. How these small insects (no more than 1–8 millimetres in length) are able to manipulate the growth of the tree remains elusive. Other gall wasp species don’t bother making their own galls and instead lay their eggs inside those of ‘honest’ galling wasps. These parasites have evolved as a lineage embedded within the honest gallers.

			Genomes of parasitoid wasps have revealed some of these evolutionary complexities, but they have also revealed how the genetic toolkit of life has been exploited, repurposed and redesigned to produce such variety in wasps. Parasitoid wasps have evolved new genes, duplicated genes and modified genes that are specialised for detecting an eclectic diversity of chemicals. A new toolkit for a new way of life. The arrival of the parasitoid wasp was to the Hymenoptera as was the invention of the electric sewing machine to my grandmother’s generation: it marked a shift in diversity and complexity, away from the sedentary evolution of the sawflies.

			And then came the innovation you’ve all been waiting for: the sting. It took a mere 100 million years after the first wasp appeared for them to get round to evolving this infamous weapon. As with the parasitoid’s wasp waist, the evolution of the sting sparked a whole new mélange of biological diversity and speciation, producing that most emblematic group of stinging insects – the Aculeata. Evolving the sting was a pretty straightforward modification of the ancestral parasitoid ovipositor – that silent seeker which had delivered new life for 100 million years – and it happened just once (probably). The ovipositor became a hardened weapon designed purely to mark the beginning of the end for its victim. A life-giver became a life-taker, as no egg travels down this blade, only poison. [3] Our wasp became a hunter.

			As a bow is to its arrow, the venom sac was an essential companion to the sting: the two interlocked to make a sweet killing machine. This weapon was a slow burner, designed to stun the victim into a state of suspended life until death, creating a living larder for baby wasps to feed on in the safety of a purpose-built nest. Indeed, the need to stun prey rather than simply lace it with an egg most likely preceded nest-building: placated prey could be easily transported to burrows and tunnels that had been dug into the earth, or to pots shaped from mud, or to homes sculpted from masticated plant material mixed with saliva and teased into papery nests as simple as a cup or as sophisticated as a space station. The nest became a place to store a mother’s hunt and her baby; to keep them safe from predators, parasites, diseases and the elements when abandoned by the hunter mother.

			The first stinging wasp appeared around 190 million years ago, and was probably something like a Chrysidoidea – a group of 6,500 species known as the peacocks of the hymenopteran world due to their delightfully cheerful appearance. Its life history was probably a muddy no man’s land mix of parasitoidism (an evolutionary hangover of its parasitoid ancestors) and hunting (using the new apparatus in the wasp’s toolkit), because that’s what today’s Chrysidoidea do. In total, the sting serves over 30,000 described species of wasps, most of which are solitary, as lonesome as their parasitoid ancestors were. But these hunters are a diverse company of characters: spider-chasers, beetle-worriers, caterpillar-masseuses, fly-catchers, canny scavengers. The sting is much more than a weapon: it is a prey-carrying kebab stick, a medicinal syringe; it delivers preservatives, anaesthetics, antibiotics, mind-altering drugs.

			The sting took on a new function for social wasps – those that live together in groups. These include that picnic wasp, the yellowjacket and those uneasy media tarts, the hornets. They are the most emblematic and feared of wasps largely because of their sting. Social wasps do not use their stings to paralyse prey. They have no need to preserve their victims; fresh prey is delivered on-demand directly to the hungry mandibles of the colony’s larvae. They might treat an especially feisty feast to a small prick of venom if it refuses to cooperate, but mostly a social wasp kills with her mandibles. The offensive sting of its solitary cousins has for the social wasp become defensive, poised to protect its fortress nest, as it is packed with brood and would make a nutritious feast for a mammal or bird, ant or reptile. At the first signs of attack, the wasp workers, in their hundreds or thousands, take little persuasion to defend their kingdom of kin, whether the threat comes from a genuine predator or a clumsy human.

			After the sting, it is the evolution of sociality that wasps are best known for. Their societies can be as complex as our own (or more), and are home to many practising celibates – the workers, who divide among them the tasks required for a smooth-running colony – and one or a few dedicated mothers – the queens. These non-reproductive and reproductive units of the colony are mutually dependent and together they function as a single machine – the superorganism. Honeybees and ants are famous examples of superorganisms, and rarely are wasps praised for these same evolutionary powers. Yet it is the superorganismal wasps with their haughty reputation and characteristic paper-bag nests that we best recognise: the hornets and yellowjackets, their societies mirroring those of the honeybee as pinnacles of social evolution. Despite their infamy around the globe, these wasps number a mere 74 species. They are the Vespinae, and they evolved about the time the dinosaurs went extinct, around 65 million years ago. Most people can identify these insects as wasps, and yet they represent less than 1 per cent of all social wasp species.

			There are

			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
				
					
				

				
					
				

				
					
			

		
OEBPS/Images/1.jpg
Endless

Forms

Why We Should
Love Wasps

Seirian Sumner





OEBPS/Images/001.jpg
A BEAUTIFUL WOMAN BY DAY-
A LUSTING QUEEN WASP BY NIGHT.

SUSAﬁ CABOT- FRED EISLEY -

AMAN - W

ARBOURA MORRIS





OEBPS/Images/003.jpg
& s

mlsllmlmslﬂml

8

«® fragile
%{% 4 ;% oy endangered '%,,
. S5 wn

S CA e
$&
Ny anthropede “‘\\\
§ v ;s&@\“\‘ 5% waggledance

’i"r/p‘. § country %, caution
<

Sllllk lg.: %%}3’

&

&
Fr sweel
§ ‘%

%





OEBPS/Images/Cover.png
SEIRIAN SUMNER

‘Funny and beautifully written’
DAVE GOULSON

ENDLESS
FORMS

WHY WE SHOULD LOVE WASPS
‘An exuberant guide
‘Splendidly vivid’ to the world of wasps’

TELEGRAPH DAILY MAIL





OEBPS/Images/002.jpg
suculnmsmsm
%‘, gnc::l \“ %;7:“”.'
weevil e & amnnnmm
&

yton
warning L/
S “\
M, o ‘\ $ ""’ oé ©
$ & § C S
M D3y, §. S o ~$|ai| 2,
seaside 5 § Imsv $ o

targe

keep

;‘3,% %% oy, o a ““ lernivinu ‘%ﬁ? $
& vorsistont. 91z, %%/

" o S
unproductive 3"?' :’ Oc% R o ;@ ﬁ“ﬁ goingto
iy o
$ g % &%“2 nnlml A 0

§ nrash
§ o 2, ~ scary '*b.
"On,' flgs Flhal IIIIIE% mlmnw h“ll 2
" a, & *@* v/
X . jasuer""’ %4%% ‘? ; ‘é ’Ia&/}'
j stung % %, poison /%%
& iy 1out e pogyy SN 2 \ g
@ inteltigent %

2

‘hameaters o i
stiches Mﬁ“‘ ot "
v,.,»*““ M





OEBPS/Images/wasp.jpg





