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            Introduction

         
 
         It’s easy to get blasé about the Internet. It’s something two billion of us now take almost entirely for granted, living our lives online as though it were the most natural thing in the world. But think about it – if you’re reading this, you’re about to discover two things. The first is that you can get an unimaginable amount of information into a very small space (the whole Internet – books, music, photographs, emails, orders, spam – weighs just 2 millionths of an ounce, about the same as a tiny grain of sand). The second is that we can now share our preferences, our whims, our considered choices with everybody else, without having to arrange tea, phone them or send a round-robin letter containing a stamped addressed envelope. That feels like progress to us.
 
         You are reading an electronic book which we have written but you (or people like you) have edited. It contains the ten most popular selections from the QI App we released last year. These selected titles have been opened almost 200,000 times and collectively you have spent nine and a half years reading them. Thank you. (By coincidence, it’s exactly nine and a half years since the first QI series was aired on BBC2.) The most popular title of the lot – 20,000 Leagues under the Sea – is all about aquatic animals and has been read for 110 weeks. As writers, it’s always fascinating to know what piques a reader’s curiosity. Was it the bizarre sex life of the anglerfish that took it to the top of the list? Or that starfish eat by pushing their stomachs out of their mouths? The dark side of dolphins? The extraordinariness of the much-misunderstood shark? A quick browse through the other titles reveals they are mostly about people, other animals and space. Maybe this is as it should be. If you think about it, what else is there?
         
 
         The great Victorian naturalist Thomas Huxley once said that we should try to learn something about everything and everything about something. So, dive in. You’ll find out what the moon smells like, why cows are fed magnets, and what Sigmund Freud did before he invented psychoanalysis. You’ll realise why Hans Christian Andersen wrote such sad fairy tales and how stress has nothing to do with causing stomach ulcers. It’s not really meant to be read from beginning to end, but be our guests.
 
         In a way that would once have seemed as improbable as the existence of a second moon or fitting all human knowledge into a grain of sand, this really is your book, not ours.
 
         JOHN LLOYD & JOHN MITCHINSON
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            Anglerfish

         
 
         Worse things happen at sea
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         Surely a life doesn’t get any bleaker than that of the deep-sea anglerfish? Two miles down in the endless darkness, a gloomy motionless lump of brittle bone, atrophied muscle and paper-thin black skin with only luminous bacteria for company. A life spent doing nothing except waiting, often for months at a time, turning your light on and off in the hope that it will attract some other creature out of the inky gloom long enough for them to stray too close to your cavernous mouth...
 
         
            The male Photo-corynus spiniceps is the smallest known vertebrate, a quarter of an inch long, about half a million times smaller than the female.
            

         
 
         The name ‘anglerfish’ is used for about 300 species – including sea toads, frogfish, batfish and monkfish – which attract their prey with a long, flexible appendage like a fishing rod, typically growing out of the middle of their heads. At the end of it, in place of a dangling maggot, there is the esca (Latin for food), which can be wiggled to mimic live bait. In the deep-sea anglers, the esca lights up, thanks to a chemical process controlled by the bacteria that live on it. In return for light, the anglerfish supplies them with food. Different anglerfish have differently shaped escas. It was once thought this was to attract different prey, but it’s now believed that they all have a similar diet. Perhaps having a big, bendy, glowing rod sticking out of your head is a form of sexual display.
         
 
         The deep-sea anglers are some of the most ugly and outlandish creatures on the planet. They have an elastic stomach that can swallow prey twice as large as themselves (it even has a light-proof lining in case they swallow luminous fish). To prevent their prey escaping they have backwards-facing teeth in their mouths and another set of teeth in their throats. The female Illuminated netdevil (Linophryne arborifer) looks like a fluorescent root vegetable, with a black bulbous body and two shimmering lures streaming off like psychedelic foliage. Her Latin name means ‘tree-shaped toad that fishes with a net.’ The Hairy seadevil’s (Caulophryne polynema) huge spiny fins have a decayed look, its body is covered in unpleasant pale hairs and its lure looks like a frayed stick of liquorice. It has one of the most sensitive lateral lines of any fish – the tiniest movement triggers the opening and closing of its jaws. Elsman’s whipnose (Gigantactis elsmani) swims along upside down, trailing its lure along the seabed. The Wolftrap seadevil (Lasiognathus saccostoma, or ‘hairy-jawed sack-mouth’) has a lure with three shining hooks on the end that it casts forwards like a fly-fisherman. Prince Axel’s wonderfish (Thaumatichthys axeli) has its lures hanging down from the roof of its mouth like a pair of fluorescent tonsils.
         
 
         The male deep-sea anglerfish is much smaller than the female and doesn’t have a lure. He’s interested in mating, not fishing. He uses his giant eyes to look for a suitable female, and his enormous nostrils to sniff out her pheromones. Having found her, he latches on to her with his teeth and then starts to disappear. Scales, bones, blood vessels all merge into those of the female. After a few weeks all that’s left of the male are the testes hanging off the female’s side, supplying her with sperm. Females have been found with eight testes attached to their sides.
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         In some species, if the male fails to find a female, then he will eventually turn into one himself and grow massively in size. As the anglerfish themselves are wont to remark: there’s only one thing worse than being an anglerfish and that’s being a male anglerfish.
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         Beavers have a greater impact on their surroundings than any creature other than humans. They build instinctively: put a young beaver in a cage and even without trees or running water, it still mimes the process of building a dam. They can chop down a tree with a 6-inch diameter in less than an hour. Some scientists now think the disappearance of the Pennine forests and the creation of the Fens were due to the beavers that lived in Britain until the early thirteenth century (the town of Beverly in Yorkshire is named after them).

         Beavers are rodents, like large squirrels. There are only two species: the Eurasian (Castor fiber) and the North American (Castorcanadensis). Although similar in size and appearance the two have been separated for 24,000 years, so can no longer interbreed. They are larger than you might think. A fully grown beaver is the size of an eight-year-old human. The Giant beaver (Castorohioensis), which became extinct 10,000 years ago, was the size of Mike Tyson.
         

         Beavers can stay submerged for up to fifteen minutes. They have webbed hind feet, a flat tail to steer, transparent eyelids that work as goggles, fur-lined waterproof lips and closable ear and nostril openings to enable them to gnaw under water. The beaver’s four incisors are bright orange. The enamel contains iron, for extra strength, and they never stop growing.

         
            Canada is built on dead beavers.
            

            MARGARET ATWOOD
            

         

         Despite their ‘busy’ reputation, beavers can be rather lazy. During winter the average beaver only leaves its lodge once every two weeks. In spring and autumn the beaver’s tail doubles in size. Beavers store their energy in their tails, so the tail shrinks as the fat is used up throughout winter.

         In 1760, the College of Physicians and Faculty of Divinity in Paris classified the beaver as a fish because of its scaly tail. This meant that French settlers in North America could officially eat beaver during Lent and on other fast days. Beaver tail is supposed to taste like roast beef.
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         Beavers were once seen as walking medicine cabinets. The secretion of two glands near their bladder was known as castoreum and, from the ancient Greeks onwards, it was used as a fail-safe remedy for headaches, fevers, epilepsy and as a purgative. The Sami, in Lapland, mixed it with snuff. It is now only used in perfume. Shalimar by Guerlain and Magie Noire by Lancôme both contain synthetic beaver juice.
         

         Unfortunately, the high value of castoreum and the fact that it sounds like ‘castrate’ seemed to encouraged belief in the myth, propagated by Aesop and Pliny the Elder among others, that a hunted beaver gnaws off its own testicles to escape.

         It doesn’t, but beavers were hunted nonetheless: in seventeenth-century Canada their pelts became a currency called a ‘made-beaver’ or ‘M-B’. A gun was worth 132 M-Bs. At the same time in Britain, ‘beaver’ came to mean ‘hat’. In 1628 Charles I declared ‘nothing but beaver stuff or beaver wool shall be used in the making of hats’. Beaver hats weren’t furry: their hair was ground, squeezed and heated to make water-resistant felt.
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         There are over 2,200 species of catfish and they are found on every continent except Antarctica. They live in the frozen rivers of Siberia and the steamy swamps of Borneo. Species have been found in the Himalayas and the Andes at altitudes of over 14,000 feet, while others bask in the warm coral reefs of the South Pacific. They range in size from some of the smallest known fishes to the largest. Scoloplax dicra is fully grown at half an inch while the European wels (Silurus glanis) grows to 16 feet and can weigh 650 lb.
         

         Catfish account for about 8 per cent of all fish and are among the most remarkable creatures on earth. There is a talking catfish, a walking catfish, an electric catfish, an upside-down catfish and a catfish that looks like a banjo, but what really makes them stand out is their senses – the most finely tuned in nature. They have more taste buds than any other creature. Their entire bodies are covered with them. A 6-inch catfish may have over a quarter of a million taste buds, not just in its mouth and gills, but on its whiskers, fins, back, belly, sides and tail. The channel catfish has the best sense of taste of any vertebrate, able to detect less than a hundredth of a teaspoonful of a substance in an Olympic swimming pool full of water.

         
            Food historian and diplomat Alan Davidson once cancelled an official reception so he could travel north to taste and record a rare catch of the world’s largest freshwater fish, the pa beuk or Giant Mekong catfish. He considered its flavour ‘unmatched... comparable to veal’.
            

         

         Catfish also have extraordinary senses of smell, touch and hearing. They can smell some compounds at a dilution of 1 part in 10 billion. They have no visible external ears, but because they are the same density as water, their whole body acts as a giant ear. In addition, ultra-low-frequency sound is picked up by the lateral line, small pores along the fish’s side containing tiny hair-like projections that are supersensitive to vibrations. These are used to find prey and avoid predators. The Chinese have exploited this talent for centuries, using catfish to warn of earthquakes: they are said to be able to detect them days in advance.
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         Catfish do not have scales – their smooth skin gives them a heightened sense of touch – and some also have excellent eyesight, especially the channel catfish (Ictalurus punctatus, Latin for ‘spotted fish-cat’) whose eyes are used for medical research into vision. Other parts are used to study herpes, their gonads are removed for research into reproduction and, if that were not enough, this unfortunate creature (variously known as the willow cat, forked-tail cat, spotted cat or lady cat) is also delicious. It ranks third after bass and crappie as the most popular fish to catch in Texas. As well as all the familiar senses, catfish – like sharks – have an extra one called electroreception that detects the electrical fields of worms and larvae buried in mud. Most catfish are harmless to humans (though some can give you a nasty jab with their toxic spines) but beware the candiru, a tiny catfish that lives in the Amazon. If you swim in its murky waters and urinate, the fish will find its way into your urethra. Once inside, it erects its spines, causing inflammation, haemorrhage and death.
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         Around 550 million years ago, animal life came in just four varieties: worms, sponges, jellyfish and comb jellies. The worms splintered into many different branches but the sponges and the jellies have changed little.

         Early naturalists couldn’t decide if they were animals or not, so Linnaeus compromised by grouping them together as zoophytes or ‘animal plants’. Comb jellies are particularly plant-like to look at and their common names – sea gooseberry, sea walnut, melon jelly – have a distinct fruit & veg flavour. But they are unquestionably animals, and carnivores at that – gobbling up crustaceans, small fish and one another with what looks like single-minded dedication. Yet they have no brain – and no heart, eyes, ears, blood or bones, either. They are just a lot of mouth.
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            Comb jellies are one of the ocean’s most ethereal sights. The beating of the cilia diffracts the light, making the combs look like eight shimmering rainbows.

         

         Most comb jellies are spherical or bell-shaped, ranging in size from no wider than a matchstick to longer than a man’s arm. 95 per cent of a comb jelly is water; the rest is made of mesoglea (‘middle glue’), a fibrous collagen gel that acts as muscle and skeleton rolled into one. To the casual observer, they look a lot like jellyfish: in fact the two are from completely different phyla and about as closely related to each other as human beings are to starfish.
         

         The comb jelly phylum is called Ctenophora (pronounced ‘teen-o-fora’) from the Greek ktenos, comb, and phora, carry. Unlike jellyfish, which propel themselves by contracting their bodies, ctenophores move by rhythmically beating their eight ‘combs’ – rows of many thousands of hair-like cilia (Greek for ‘eyelashes’). Also unlike jellyfish, comb jellies don’t sting. Instead, they have long, retractable tentacles covered in colloblasts, special cells that exude sticky mucus to trap their prey. They also have anal pores (real jellyfish use their mouths as bottoms) which nestle next to a gravity-sensing organ called a statocyst that tells them which way is up. While jellyfish can regenerate a missing tentacle, half a comb jelly regenerates into a whole animal. Comb jellies also have a simpler reproductive system. Most are hermaphrodites, capable of producing eggs and sperm at the same time (up from the gonads, out through the mouth) and – theoretically – of fertilising themselves. They generally just release thousands of eggs and sperm into the water. Their young can breed as soon as they hatch.
         

         Comb jellies are thought to be more numerous than any other creature of their size or larger. They aren’t great swimmers and are frequently swept into great, dramatic swarms, which pose a devastating threat to fishermen.
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         The collapse of commercial fishing in the Black Sea in the 1990s has been blamed on an American comb jelly, Mnemiopsis leidyi, that arrived as a stowaway in a US ship’s ballast tank. Now known as ‘the Monster’, it can produce 8,000 offspring a day. The Black Sea population weighs over a billion tons, hoovering up all the plankton that once fed the local anchovies. ‘The Monster’ has also invaded the Caspian, threatening the caviar sturgeon. In 2001, a cannibalistic comb jelly, Beroë ovata, was introduced to hunt down and slaughter its beautiful but remorseless relative.
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         Corals share their closest family ties with jellyfish. It’s hard to imagine two more different-looking animals, but they are both members of the Cnidaria phylum (from knide, Greek for ‘stinging nettle’). Coral looks far more like a colourful, baroque relative of the seaweeds, but close examination reveals it as an animal, or rather a host of animals, as each frond is composed of thousands of tiny individual ‘polyps’, rather like miniature sea anemones (another relative). Each polyp has a fringe of stinging tentacles, a bottom-cum-mouth, and a stomach, just like their cousins. But they do something that the others don’t: they build reefs, the rainforests of the ocean.
         

         
            Coral doesn’t age as we do; most of its cells are the equivalent of stem cells in a developing human embryo, allowing even a small fragment to regenerate into a whole polyp. Some polyps may be over a century old.

         

         By sucking in seawater, polyps extract the elements they need to lay down a solid base of calcium carbonate. This base is added to gradually, at about an inch a year, This provides a cup-like shelter for each polyp to hide in and keeps them moving upwards towards the light. Coral polyps ‘grow’ rock, in the same way humans grow bones. Eventually, as millennia pass, it becomes a reef, an intricate subterranean city where two-thirds of all the oceans’ species live. If you gathered all the corals reefs in the world together they would cover an area twice the size of the UK.

         Corals don’t manage this all by themselves. They have evolved one of the most mutually beneficial partnerships on the planet, with tiny algae called dinoflagellates (Greek for ‘whirling whips’, which describes their method of propulsion), small enough to live, two million to the square inch, in their skin. The coral polyps catch microscopic organisms with their tentacles, and the waste products (mostly carbon dioxide) feed the on-board algae. In return, the algae give the polyps their striking colours, and produce most of their energy by photosynthesising sunlight. This is why you find most corals in shallow, clean, sunlit water. The algae even make a sunscreen that protects the polyps, allowing them to keep working all day. And it is hard work: reef-building corals use up proportionately two and a half times as much energy as a resting human.
         

         Coral’s relationship with algae is not without its tensions. If the algae can get food more easily elsewhere, as happens when the reef silts up or becomes too warm or polluted, they will leave, ‘bleaching’ the polyps white and condemning them to death. In the record-breaking heat of 1997 and 1998, a sixth of the world’s coral reefs ‘bleached’. It is now estimated that a tenth of all the world’s reefs are dead, and if the carbon levels in the oceans continue to rise the rest will follow by 2030. Coral reefs are on the front line in the war against global warming.
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         Indirectly, coral helped Charles Darwin refine his ideas about evolution. Although he had no idea about the symbiotic relationship with algae, his first scientific book after returning from the voyage on the Beagle, published in 1842, was an account of the formation of coral reefs. He theorised (correctly) that atolls were formed by undersea volcanoes slowly sinking under the surface of the ocean, leaving the ring of coral still growing upwards towards the light. The long process of geological change implied by this confirmed his hunch that constant change was at work all over the biological kingdom.
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         We haven’t done dolphins any favours. The wilder shores of hippy speculation they have inspired – their brains are more complex than ours; their language is more sophisticated; they have a society dedicated to peace and free love; they are extraterrestrials with fins – reveal more about us than them. This is not to undermine their utter fabulousness, just to remind us that they are wild animals, with their own agendas and priorities. They can do things we can only dream of (and – just maybe – they feel the same about us).

         
            A dolphin’s skin is shed and replaced every two hours to maximise streamlining.

         

         Take echo-location, their system of marine navigation. Dribble a teaspoon of water into a pool and they will locate the sound with pinpoint accuracy. They can discriminate between objects made from wax, rubber or plastic. They can even tell the difference between identical-looking brass and copper discs. Fish, not noted for their quietness (herrings fart non-stop), don’t stand a chance.

         Their ‘language’ skills are more difficult to assess. Dolphins are famously talkative – despite having no vocal chords. The clicks, whistles, groans, squeals and barks all come from sacs in their nasal passages – as many as 1,200 per second. Each dolphin has a unique ‘signal whistle’, an ‘I’m Flipper’ tag, which it repeats constantly. They also imitate other dolphins as a way of gaining their attention, rather in the same way as doing an exaggerated impression of a friend in a crowded bar means they are more likely to turn round. The whistle signals show that they communicate, but they are a long swim away from being a language.

         Dolphin play is highly complex, and they learn fast. They have a striking ability to follow extraordinarily complicated human commands, and can recognise themselves in a mirror. They can even use tools: when hunting among sharp coral they attach bits of sponge to their snouts as safety masks. Legends of their helpfulness to gods and humans are threaded through Greek and Roman myth and contemporary accounts of dolphin ‘rescues’ are common. In small fishing communities, dolphins are known to herd shoals of fish into nets in return for a few thrown back and a friendly wave. It’s hard not to love their big smiley faces.

         But there is another side. For all the foreplay and nuzzling, females are frequently coerced into sex by groups of males. Schools of dolphins batter porpoises to death for no obvious reason, and occasionally practise infanticide. In a comprehensive study of wild dolphins that seek out human company, three-quarters showed aggression, which sometimes led to serious injury, and half indulged in ‘mis-directed sexual behaviour’ with buoys and boats as well as humans. Given that an average male bottlenose weighs 40 stone and has a foot-long, solid muscle penis that ends in a prehensile hook agile enough to catch an eel, you wouldn’t want to give off the wrong signals.
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         This same report concluded that contact with us almost always means injury and suffering for the wild dolphin. It’s worth bearing that in mind when considering the benefits of ‘wildlife tourism’ and ‘dolphin therapy’. Of course, the idea of ‘swimming with dolphins’ is attractive and there is evidence that it does have therapeutic value. But we gain just as much (and maybe more) by standing on a boat watching them through binoculars, revelling in the fact that they are where they belong, doing what they do best.
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         Nobody knows where the word eel comes from. Until the 1920s, nobody knew where eels themselves came from. Aristotle insisted they arose spontaneously from rotting seaweed. Pliny the Elder thought they rubbed against rocks and that the shreds of their skin came to life. Other imaginative suggestions included the dew of May mornings, the gills of fish, and horsehairs falling into the water. The astonishing life-cycle of the eel was first revealed to the world by the Danish oceanographer Johannes Schmidt (1877-1933) who, in 1905, was commissioned by his government to locate their spawning grounds. Given one small ship, he set off to trawl the oceans of the world. It took him sixteen years.

         
            Eels are one of very few species of fish that can swim backwards. Their thick coating of mucus means they can also travel on land as well as in water. They make their way into fields and gardens to snack on young peas and beans.

         

         It seems all European and American freshwater eels (Anguillaanguilla) are born as saltwater fish in the Sargasso Sea, a strangely calm area of the North Atlantic around Bermuda, two million square miles in extent and clogged with Sargassum weed. This is kept afloat by berry-like bladders: hence the name from sargaço, an old Portuguese word for ‘grape’. From here, the eel larvae are carried by the Gulf Stream 3,000 miles across the Atlantic to Europe, where, on entering the mouths of rivers, they miraculously transform into freshwater creatures. They don’t aim at a particular river: they hit the coast in a broad band and swim up whichever one they encounter – so rivers with wide west-facing estuaries like the Severn get lots of them. They will go to any lengths to reach their goal, piling up their bodies by the tens of thousands to climb over obstacles. Once there, the eels live contentedly in rivers until they reach maturity. When this happens (between the ages of six and forty) they prepare to swim back to the Sargasso Sea again. They change dramatically. Backs turn darker; bellies turn silver. They toughen up, storing fat, which they’ll need for the journey. Eyes enlarge, heads become pointed, nostrils dilate, the salt content in their bodies reduces and their sex organs swell. Their gas bladder also changes to allow them to withstand pressures of a ton per square inch.
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         Once back in the Sargasso, the females spawn and the males fertilise the eggs, after which they all die of exhaustion. Or so it is believed. Nowadays, ‘everybody knows’ that eels are born in the Sargasso Sea but this has never been proved. No one has ever seen an eel spawn or seen one die there. Careful scientists prefer to call the Sargasso Sea the eel’s ‘presumed’ breeding ground. Young eels have been found there, but neither live adults nor their eggs. Not one eel has ever been bred in captivity. When you catch an eel, its reproductive system shuts down completely, as if deliberately keeping the secret. Sigmund Freud was determined to find the answer. He worked in Trieste cutting up hundreds of eels to see how their sexual organs worked. When he had finished, he published a thesis in which he concluded that all of his research was a waste of time. He was no nearer to understanding eels than when he first started.
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         The name lobster comes from the Old English loppestre, the product of a collision between the Latin for locust (locusta) and loppe, Old English for spider. As arthropods, they are closely related to both. The best-known lobsters are the European and the American, but there are about fifty species including the Hunchback locust lobster, the Velvet fan lobster and the Musical furry lobster. Lobsters from 140 million years ago were so like today’s that if you ate one for dinner you wouldn’t notice the difference.
         

         
            Lobsters are peaceful, serious creatures, who know the secrets of the sea, and don’t bark.
            

            GERARD DE NERVAL
            

         

         Lobsters are surprisingly fast swimmers: with a flex of their tail they can shoot along at 15 feet a second. Some have been tracked covering distances of over a hundred miles a year, in search of food and sex. Lobster sex involves a lot of undressing and urination. Like mice, they use their urine to communicate. Their two bladders are handily located in their heads, so urine can be mixed with water and squirted from their gills into the face of a potential mate. Male and female lobsters usually attack each other on sight, but, luckily, male lobsters find the urine of a moulting female arousing. Males wait in their rock shelters, urinating out of the doorway. Females approach when ready to moult, and urinate back at them. They have sex in the missionary position: the male props open the female’s sperm pouch with his swimming legs and, after some leg-fanning foreplay, ejaculates gelatinous sperm capsules into her pouch. He protects her until her shell hardens – about two weeks later – and then hostilities resume.
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         To grow, a lobster must shed its shell. Because the food-grinding teeth inside its stomach are part of the exoskeleton, it has to pull out the lining of its throat, stomach and anus to free itself. Not all lobsters survive this process. It also makes it hard to tell their age. Many of the ones we eat are over twenty years old, but a big specimen can weigh as much as a labrador and may have lurked on the ocean floor for over a century.

         Fighting lobsters lock crushing claws until one of them submits. Sometimes, they attack each other’s antennae, legs, claws or eyes. A large crusher claw can exert as much as 1,000 lb per square inch on something small (like a human finger). To escape, they can jettison a limb using a special muscle at its base but because lobsters’ blood flows through their body cavities, not veins, they will bleed to death unless leaks are sealed quickly. Legs, antennae and claws can regenerate, but not eyes.

         As long as their gills are damp, lobsters can breathe. They will survive for up to a week out of water. French Romantic poet Gérard de Nerval used to take Thibault, his pet lobster, for walks in Paris using a blue ribbon as a lead.

         
            [image: ] 
            

         

         Cooked lobsters are red because boiling transforms protein molecules in the shell into shapes that absorb everything except red light, which is reflected. There is no clear evidence about whether lobsters feel pain. Boiling water is probably the quickest method but there is no absolutely humane way of killing them.
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         To look at, octopuses are about as different from humans as it’s possible to imagine: no body to speak of, just a head sprouting eight arms (it’s very biologically incorrect to call them legs or tentacles). So it’s pleasing to discover that they have larger brains, relative to body weight, than any animals except birds and mammals, and that they get bored easily. If they are kept in environments enriched with natural features, they grow faster, learn faster and remember more of what they learn than if they are kept in bare tanks. They remember places where they might find food, and where they have already hunted. And although octopuses are mostly solitary, there is evidence that they can communicate and, if kept together, they establish hierarchies and avoid confrontations. For all these reasons, in the UK octopuses enjoy the same legal status in labs as vertebrates.
 
         
            Octopuses are good mimics. Some imitate other dangerous animals like sea snakes and lionfish. Others pretend to be drifting clumps of algae or waterlogged coconuts.

         
 
         What they are not so good at is recognising the sex of other octopuses (or octopodes, but never octopi: the word is derived from Greek, not Latin). Put two octopuses in a tank and they will start to copulate regardless of sex. Thirty seconds into a male-on-male encounter there’s usually an unembarrassed disentangling, although some of these gay clinches can last for days. In one case, the two males weren’t even from the same species. Despite Japanese artists’ persistent obsession with giant octopuses pleasuring women in eight erogenous zones simultaneously, octopus sex is a polite affair, carried out at arm’s length. One of the male’s eight arms is for mating and it differs from the others by having a groove on its underside and a grasping tip called a ligula which in some species inflates with blood, rather like a mammal’s penis. The arm carefully places a packet of sperm in a corresponding slot in the female’s mantle (the body/head). The ligula then breaks off and remains embedded in the female. The male dies within a few months of mating. Although octopuses can regenerate lost limbs, they can’t grow a new sex arm.
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         The male blanket octopus takes sexual discretion to a new level. He is 40,000 times smaller than the female and his technique involves tearing off his mating arm, placing it somewhere on her body and then swimming off to die. Given that this is roughly equivalent to a herring nudging a blue whale, it’s unlikely that she’s even aware of him. Meanwhile his disengaged arm crawls into her gill slit, where it can live for as long as a month, until her eggs are mature. She then retrieves it, tears it open like a packet of café sugar and sprinkles the sperm over her eggs.
 
         Octopuses are as dextrous as they are smart. They can open jam-jars, use stones as tools to open shells and wield snapped-off jellyfish tentacles as weapons. Some ‘walk’ on two arms, as if they were bipeds. They use their body muscles to squirt themselves forwards, reaching speeds of 25 mph. They can even ‘fly’ using this method – squirting themselves right out of the water to escape predators. As octopuses have no skeleton – the only hard part of an octopus is its parrot-like beak – they can squeeze through spaces as small as their eyeballs.
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         You are very unlikely to find a pearl in your plate of restaurant oysters. Despite the confusing use of the name, edible oysters are about as closely related to pearl oysters as humans are to marmosets. Both are bivalves, anchoring themselves to rock in shallow seas and filtering algae from the current, but they are from entirely different orders and only one produces pearls of commercial size and value. Pearl oysters, close cousins to the scallop, live in tropical seas and can grow to the size of a dinner plate.

         Another widespread misconception is that pearls are formed when a grain of sand or grit becomes trapped inside the oyster’s shell. If that were true, pearls would be commonplace rather than highly valued rarities. The oysters’ world is full of grit; they inhabit a universe of sand, and they spend their lives constantly ingesting and expelling it, with no trouble. Pearls are triggered by more serious intruders. These might be small bits of debris – pieces of bone, shell or coral, for instance – but in most cases it is something more purposeful. Oysters are troubled by various parasites, including species of worms, sponges and mussels, which drill through the mollusc’s shell. This is the kind of major irritation which triggers pearl formation.

         
            Jeweller Pierre Cartier acquired his Fifth Avenue flagship store in 1917 for $100 plus a natural pearl necklace valued at $1 million ($15 million in today’s money).

         

         Having been invaded, the oyster acts to isolate the parasite inside a ‘pearl sac’. The whole of the inside of its shell is covered by an organ called the mantle, which secretes mother-of-pearl. Also known as nacre, this is a wonder substance, strong yet flexible and lustrous, made by sandwiching calcium carbonate crystals between layers of an organic secretion similar to keratin. It entombs the enemy alien in successive coatings and the end result is a pearl. Pearl oysters can manage up to four layers per day but to create a layer of nacre a twentieth of an inch deep takes two years; a finished pearl, fifteen to twenty. That’s why a ton of oysters might yield as few as three pearls, and the chances of them being perfectly spherical are, literally, one in a million. A single oyster might get several goes; in the wild they can live for eighty years.
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         The rarity and beauty of pearls led to many theories about their origin: that they were the result of dewdrops falling into the oyster while it sunned itself at dawn; or they were gallstones or crystallised angels’ tears; or came from bolts of lightning. The ‘grain of sand’ idea was first posited in seventeenth-century Italy, while in the nineteenth century marine scientists proposed dead oyster eggs. It wasn’t until the first decade of the twentieth century that French and Japanese researchers identified the pearl sac theory, leading to the first artificially cultured pearls.

         Most modern pearls are farmed; it is a big global business with an annual turnover of over £300 million. It is a slow process. Each animal is opened and has a bead of mussel shell and a piece of mantle (cut from a ‘donor’ oyster) carefully inserted into its gonad. As the mantle fuses with the surrounding tissue, it is stimulated into producing a pearl sac, coating the bead with nacre. Two years later you get something that is indistinguishable from a natural pearl – just don’t scratch it too hard.
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         The sea cow family, or sirenians, contains the dugong (Dugong dugon) and three species of manatee (Trichechus, after their ‘hairy’ snouts). As their common name suggests, these large, docile creatures are the only aquatic mammals that live on plants. Although they look like grey tuskless walruses, their closest relatives aren’t cows, walruses or whales but another large herbivore, the elephant.
         

         
            Manatees often congregate near power plants, because of the warm water. In return, they keep the surrounding channels clear of weeds.

         

         Sea cows have a very laid-back life. They paddle around in warm tropical seas, with little competition for food and no natural predators. As a result, they have a very leisurely metabolism. The largest adults weigh over a ton and spend eight hours a day slowly chomping through six straw bales’ worth of aquatic plants, which take a week or more to digest. Life is slow enough for algae and barnacles to grow on their skin. Some dugongs have been recorded as living into their seventies, and they only manage one calf every three to seven years.

         When they aren’t eating or sleeping, sea cows come together regularly to ‘cavort’. These sessions of nuzzling, bumping, kissing and mutual masturbation are often male-on-male, but can involve up to four individuals of either sex and last for several hours. The normally silent manatees make a sequence of distinctive ‘snort-chirps’ as they cavort, though no one knows how (even if we can guess at why). This pleasure-filled life, combined with the female dugong’s large and elaborate clitoris and pendulous ‘breasts’, has contributed significantly to the mermaid myth. In the Solomon Islands, ‘dugong’ is the slang term for prostitute.

         Dugongs and manatees also have a reputation for stupidity and their brains are, proportionally, small and smooth, roughly the equivalent of our brains shrunk to the size of a plum. In their defence, their brains seem well up to the job and some have even been trained to recognise colours and patterns in return for food.

         More significantly, low metabolism and the absence of stress help make them impervious to the diseases which afflict other mammals, propelling them to the forefront of research into cancer and HIV.

         
            ‘Manatee’ comes via Spanish from a Carib word meaning ‘breast’, while ‘dugong’ derives from Malay ‘duyung’ meaning ‘lady of the sea’. Like elephants, they have two teats under their forelimbs, causing sailors to mistake them for mermaids.
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         This may also explain why they have six neck vertebrae rather than seven. In mammals, the genes that specify the number of vertebrae also control the nervous system and cell growth. Changes in this genetic data can cause cancer, so natural selection has tended to leave them alone. However, in a low-metabolism mammal like a sea cow the risk of cancer is greatly reduced. Over time, this might have allowed the genes to risk variation. Interestingly, the only other mammal with an irregular number of neck vertebrae is the sloth, another noted slacker.

         But there is a downside. Slow, inquisitive and delicious (roast dugong tastes like veal) is a bad combination when faced with Homo sapiens. All four sea cow species are now endangered, as result of hunting, pollution and damage from propellers and fishing nets. The historical precedent is grim. Their relative, the Steller’s Sea Cow, three times the size of the largest manatee, was hunted to extinction in the twenty-seven years after its discovery in 1741.
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         Sea cucumbers have been trundling along the bottom of all the planet’s oceans for 500 million years. They do an essential job as marine binmen, processing over 90 per cent of all the dead plant and animal material that settles on the sea floor. Many of them do look like knobbly cucumbers. Their family name, Holothuridae, is thought by some to mean ‘completely disgusting’. The Romans called them phallus marinus, presumably because of their shape, and even Darwin dismissed them as ‘slimy and disgusting’. One Mexican species, Holothuriamexicana, is known as the Donkey dung: a perfectly accurate, if unflattering, description.
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         Despite their shape, the 1,100 species of sea cucumber are close relatives of the starfish and the sea urchin, sharing the same fivefold body symmetry and, like them, moving on tube feet driven by piped seawater. But ‘cukes’, as marine biologists call them, have other tricks. They breathe through their bottoms, drawing in water through their anus to fill a respiratory ‘tree’ and then expelling it along with any digestive waste that might be lurking. Single hole: two functions. This fact has been exploited by the tiny eel-like pearlfish. They wait until the cucumber’s anus opens in the morning and then sneak inside, spending a leisurely day swimming around the intestines, before emerging again to feed at night. Some even knock to gain entry. Juvenile pearlfish are less welcome as they have a habit of gnawing on the cucumber’s gonads.

         
            Sea cucumber was Australia’s first food export. Aborigines on the northern coast traded them with Indonesian fisherman from as early as the sixteenth century.

         

         Cukes are nocturnal and need to fill their guts at least twice a night, so life mostly alternates between sand-vacuuming and resting. If they are stressed or threatened, they have an impressive array of escape strategies. Their bodies are made from a connective tissue called ‘catch collagen’, which gives them an almost miraculous ability to change from solid to fluid. This enables them to ‘pour’ into the tiniest crevices and then stiffen again so they can’t be extracted. Some species can blow themselves up to the size of a football. Others expel water to make themselves look like pebbles, but the ultimate cucumber party-trick is to blow their guts out of their bottom and flood the surrounding water with a toxic soup. Known as a ‘cuke nuke’, this can wipe out all the fish in a small aquarium, as well as the cucumber itself.

         Some species have a more sophisticated version, expelling fine sticky threads, known as Cuvierian tubules, out of their backsides. These form an astonishingly sticky net which can tie up a hungry crab for hours. On the Pacific island of Palau, islanders milk cucumbers of their tubules and bind their feet with them to make improvised reef shoes. They are also used as a sterile dressing for wounds. Amazingly, a cucumber that has been harvested of its guts, gonads or tubules can grow them back within a couple of months.

         Dried sea cucumber, known as trepang or bêche-de-mer, is eaten as a delicacy all over Asia, and has a reputation as both an aphrodisiac and a painkiller. The global sea cucumber market has grown to £2.3 billion and this is putting pressure on some species, leading to the establishment of cucumber farms and sea ‘ranches’.
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         Don’t be fooled by their cute looks: the seals’ closest relatives are bears and they can be every bit as vicious. One of the ways you can tell if a Leopard seal (Hydrurga leptonyx) is in the area is an empty penguin skin floating on the water. They violently shake the hapless bird from side to side to remove its coat and then gulp down the naked corpse. They are almost as bad with their loved ones. The male Southern elephant seal (Mirounga leonina), six times larger than his partner, occasionally gets carried away during copulation and accidentally crushes her skull between his massive jaws. And when female Hawaiian monk seals (Monachus schauinslandi) come into heat they risk being ‘mobbed’, which is the polite scientific term for being battered to death by a gang of amorous males. In order to save the species from extinction, males are now being put on libido-suppressing drugs.
         

         
            ‘Selkies’, the legendary Scottish seal women who leave their skins behind and are tricked into marriage by humans, may be a dim folk memory of visits by shaman from Lapland, who dressed in skins and used healing magic. ‘Seal’ is a Saami word.

         

         With elephant seals, and their close relatives, the sea lions, this male aggression is also backed by huge size. The bigger and more aggressive the male, the bigger his bit of breeding beach and the higher the number of females he gets to service. A single male might have up to fifty females in his harem, but some harems grow as large as a thousand, serviced by just thirty males, with the top five – the ‘beachmasters’ – getting most of the action.

         Much of the inter-male violence is just noise – loud gargling and slaps – but when fights do break out they can be bloody for both the participants and innocent bystanders. The females don’t help: they make such a racket during mating that every male in the area makes a beeline towards them. In the resulting melee, pups get separated from their mothers, and are crushed or flung out of the way. Some colonies lose two-thirds of the pups in a single season in this way. It is one of the reasons seals’ milk has the highest fat content of any mammal’s: to ensure the pups grow quickly. The milk is more of a pudding; at 60 per cent fat it’s twice as rich as whipping cream. Unsurprisingly, pups put on several pounds a day and are weaned within a few weeks.

         It is in the sea that the seal’s strength and aggression really sets it apart. A seal hunting in water is twice as efficient as a lion on land. Elephant seals can dive for two hours at a time and reach depths of 5,000 feet. They expel all the air from their lungs to avoid the risk of ‘the bends’ and survive on the oxygen absorbed in their blood. Their bodies hold twice as much blood as most mammals and, when diving, their heart rate plummets from ninety to just four beats a minute. To help them sink faster, some will even swallow stones.
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         Better still, a seal’s eyes don’t go blurry underwater. In other mammals, this blur is caused by the outer lens (cornea) being rendered useless by the water, like a transparent glass marble which disappears when you drop it in the bath. Seals overcome this through a huge spherical inner lens to focus the image, and an extremely adjustable iris to control the light. This not only gives them their big-eyed charm, it also means they can hunt in bright sunlight and the gloomy ocean depths.
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         Only one in a hundred shark species attacks people. In 2005, there were just fifty-eight shark attacks reported worldwide. Only four people were killed. Wasps kill as many people in Britain every year and jellyfish in the Philippines ten times as many. In the US, both dogs and alligators kill more people than sharks. To put it another way, in an average year in New York there are 1,600 cases of people biting people. Sharks have far more reason to be scared of us. We kill at least 70 million a year for food (despite the fact that some shark flesh tastes of urine, both ‘rock salmon’ and ‘huss’ are sharks) and for their livers (which are used in haemorrhoid cream).

         
            If you turn a shark upside down it will go into a trance-like state called ‘tonic immobility’ for fifteen minutes. No one knows what causes it.

         

         It’s a good job sharks find people a bit on the bony side and prefer seals. They are armed with a terrifying range of surveillance equipment. Two-thirds of a shark’s brain is dedicated to smell: it can detect blood diluted in water at strengths of one part in a million and from a distance of a quarter of a mile. Nor does lunch have to be bleeding for the shark to know it’s there. Shoaling fish exude chemicals to warn colleagues when danger threatens. Sharks intercept these signals, scenting fish that are not even wounded, merely nervous. A shark’s ability to detect low-frequency sounds means it can hear the very heartbeats of fish from far away, and pressure-sensitive receptors along its body allow it to ‘feel’ the remote movements of prey through the water. Cells under the skin of its head enable it to pinpoint tiny changes in magnetic fields and minute electrical impulses. These not only help it to navigate as if using a compass, but provide yet another killing aid: sensing individual muscle movements of a distant fish even when buried under sand. Some sharks even have a depth gauge in their middle ear. Equipped with this sophisticated gear, predatory sharks are able to hunt in total darkness.

         Although in daylight they have perfectly good eyesight, these night raids must be their undoing. Items found in sharks’ stomachs include beer bottles, bags of potatoes, a tom-tom drum, car number-plates, house bricks, a suit of armour and a whole porcupine. A single tiger shark was found to have swallowed three overcoats and a raincoat, some trousers, a pair of shoes, a driving licence, a set of antlers, twelve intact lobsters and a whole hen-house full of partly digested chickens.
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         The female frilled shark holds the world record for the longest pregnancy in nature: over three years. The largest egg in nature belongs not to the ostrich but to the female whale shark. Discovered in 1953, it was 12 inches long, 6 inches wide and 4 inches thick. The embryos of female sand tiger sharks kill and eat each other in the womb. But since records began in 1580, fewer than 2,500 shark attacks on humans have been reported. This is equivalent to about 6 per cent of the number of Americans injured by lavatories in 1996 (43,687).

         Male sharks do not have penises. Which probably explains a lot.
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THE INNER Anus
CUKE Respiratory tree 3
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SHEEP THAT STAND
OUT IN A FLOCK

Outlier
Goes off on its own, usually
because it's weak and hungry

Bellwether
Sheep wearing a bell, that
other sheep follow - often
a castrated ram

Riggwelter
Sheep that has fallen on
its back and is too heavy
to getup
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Lrop reduces space
for flight muscles,
making hoatzins

bad flyers

They prefer to scrabble
around in the branches
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THE STARFISH DINER lube-feet
affach to
shell, using
sticky mucus

Slow pressure

(up to 30 minutes)
opens shell .
Digests
Stomach pushed out mussel in

though mouth situ
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Elephants'
tusks are large canine
teeth - chewing teeth
are nestled deep
inside
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NOSE SONAR

Melon Whistle signals are focused and directed by the
Nasal sacs melon (oil-filled to the same density as seawater)
and the returning signal is picked up by the lower
jaw, also oil-filled, and teeth

Ear  Jaw cavity Tiny time differences in signals
Skull hitting the jaw ‘receivers’ allow
them to pinpoint direction
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Ihey Take Thirty days THE MOUTHBROOD DIET
to hatch, and then use

his mouth as a nursery The male hardhead catfish
for a further fortnight. hatches the fertilised eggs
Dad has to live on his in his mouth
fat reserves
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MORE LIKE US THAN MOST PEOPLE THINK
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A handy reference
guide for your next
seafood platter
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