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  INTRODUCTION


  This is a book all about senses. But hang on a minute  what are senses?


  Everybody knows there are five senses: sight, smell, hearing, taste and touch. Easy, right?
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  Senses give humans (and other animals) information about the world outside their bodies. They are feelings or sensations that allow us to explore our
  surroundings, find food, find mates, avoid dangerous predators and pitfalls, and much, much more.


  But did you know that every animal (and every person) in the world sees, hears, smells, tastes and feels things in a slightly different way? Weve all heard that dogs
  have better hearing than humans, and that owls have better eyesight. But did you know . . .
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  Some animals have bigger eyes, ears and noses than others. Some have no eyes, ears or noses at all. So naturally some will have keener senses than others.


  But the really amazing thing is that nothing we see, hear, smell, taste or touch is actually real!


  Instead, our senses build up a kind of virtual reality picture of the world around us. So the same world may look completely different when seen by two different animals, or even
  two different people. How the world looks, sounds, smells, tastes and feels depends on how our brains and senses work.


  In other words, the world is only as real as our senses make it.


  If that sounds crazy, then hold on tight, as in this book well be exploring all this and more. Well experience the world through the eyes of a falcon, through the
  ears of a bat, through the nose of a bloodhound, through the taste buds of a butterfly and through the soft, deadly touch of a
  spider.


  Sounds like fun, right?


  Trust me  itll look, smell and feel like fun too!


  Right, then.


  On with the show . . .


  


  CHAPTER 1:


  SIGHT
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  COMMON SENSE


  How Do We See?


  To humans, eyesight (or vision) is probably the most important sense of all. We get most of our information about the world around us from our eyes. When were
  blindfolded, or we find ourselves in pitch darkness with no light to see by, we feel lost and scared. We depend on our eyes so much that its hard to imagine life without them.


  But whats actually inside those two, strange, gooey little balls in your head?


  How do eyes work, and how do we see things?


  Are they like little video cameras, sending pictures to the brain?
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  Well, in a way, yes  they are.


  Like video cameras, eyes convert rays of light into electrical signals. Our brains piece those signals together in order to build pictures and images in our
  heads. But unlike video cameras, which record things, eyes are there to help humans (and other animals) look for things. Stuff like food, dangerous predators and the way home. A good pair of eyes,
  connected to a handy brain, lets animals hunt, seek, sneak, grab, pounce, aim and move about without getting hurt.


  How Did Eyes Evolve?


  Eye-spots


  The simplest types of eyes in the animal kingdom are found in microscopic animals like Euglena. These animals have tiny eye-spots that contain
  special, light-sensing proteins. When light hits these spots, the proteins inside change shape, which tells the animal that there are rays of light all around it.


  With this simple kind of eye, you can tell the difference between light or dark, sunshine or shade. Thats pretty much it. But as it happens, being able
  to tell the difference between light and dark is a pretty handy trick. For starters, it lets you hide in the dark when bigger, nastier animals are nearby. It also tells you when youre
  swimming into the light, where youre most likely to find food. And most importantly, it warns you to scarper when youre suddenly covered by the shadow of a hungry, looming
  bug-hunter!


  These simple eye-spots were the first type of eye to appear in the animal world. Animals first evolved them about 530 million years ago, in the Earths prehistoric oceans.
  But as we can all plainly see,1 eyes didnt stop developing there.


  In the millions of years since, eyes have evolved over 100 times. Theyve developed in lots of different types of animal  everything from insects and spiders to ostriches and
  octopuses. The more useful their eyes became, the more animals came to depend on them.


  Eye-patches and Eye-pits


  A few million years after eye-spots, flatworms and other animals began evolving eye-patches. No  not those funny eye-patches you see on
  pirates.2 More like patches, or sheets, of light-sensing cells. Basically, lots of tiny eye-spots all working together.


  With an eye-patch like this, a tiny-eyed flatworm could not only sense shadows of other animals, but also their outlines, or their rough size and shape. This would let one worm tell the
  difference between a smaller worm nearby (which he might want to eat) and a larger worm (which might want to eat him). Again, since this was a very a handy
  trick, worms with eye-patches tended to do well, and went on evolving into other things.


  In some animals (probably mutant worms too), these eye-sheets folded inwards to form little dents or cups. With this, an animal could not only make out the size
  and shape of a nearby object, but also which way it was moving. Which is obviously very handy, for both hunting and escaping things.
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  Eyeballs Everywhere


  From there, eye-cups evolved into eyeballs. In a few lucky animals, the upper edges of the eye-cups began to close over, leaving just a small hole at the top.
  Rays of light could then enter through the hole, and fan out to hit a curved sheet of light-sensing cells (called the retina) at the back of the eye. You still find this type of
  pinhole eye today in ancient animals like the nautilus  a big, shrimp-like animal with a rounded shell that lives in the deep sea.
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  Over time, some of these eyeballs closed over completely. In these closed-off eyeballs, light enters through a clear window instead of a hole. This is called the lens, and it
  also helps to direct (or focus) light on to the light-sensing retina within, just like a glass lens focuses light into a telescope or camera. In some animals, this lens is surrounded by a ring of
  tiny muscles, called an iris. In humans, this is the coloured bit that surrounds the dark hole (or pupil) in the centre of the eye.


  The iris gives us our pretty blue, green or brown eye colours. But it does much more than that. The iris focuses the light entering the eye by stretching or squashing the lens
   pulling it into more (or less) curved shapes. This allows the eye to focus on objects both near and far, taking snapshots of the whole world around it.


  Seeing the whole world at once proved to be so handy that lots of animals developed eyes like this. These include snakes, fish, lizards, frogs, cats, dogs, birds, monkeys,
  gorillas and  ta-daa!!  humans. Eyeballs with lenses, irises and retinas are what give us and most other vertebrates (or animals with backbones) our keen sense of
  sight.


  Of course, many invertebrates (animals without backbones) evolved eyes too. But theirs turned out a bit different. As well soon see, insects,
  spiders and crustaceans have multiple (or compound) eyes, while squid and octopuses have
  camera-like eyes, a bit more like ours.


  Yep  eyes have turned out to be a pretty handy thing to have. Which is why theyve turned up all over the animal kingdom . . .


  Do animals see colours?


  You might have heard that only humans can see colours, and that other animals  like cats, dogs, cows and monkeys  are colour-blind. But in fact, thats
  simply not true. Some animals do only see the world in black and white. But others enjoy the same, glorious, multicoloured vision we do, and some can even see colours we
  cant see!


  So how does colour vision work?


  Well, as weve already learned, the light-sensing patch of cells at the back of an animals eye is called the retina. Within the retina, there are
  two basic types of light-sensing cells  rod cells and cone cells. The rods just sense light and dark, while the cones let animals recognize light of different colours.


  Now heres the thing: different types of cone cells are triggered by different colours of light. One type of cone reacts to red light, another type to
  green and yellow, and still another to blue light. But not all animals have every type of cone cell in their eye. Which means there are some
  colours of light that some animals cant see.


  So which colours can they see?


  Humans (along with most monkeys, apes and other primates) have three types of cone cell
  wedged in their retinas  red, green and blue. So we have three-colour vision. That doesnt, of course, mean that we can only see three colours. It means we can see
  red, green, blue and every colour of the rainbow in between. Thanks to our mix of coloured cone cells, we get to enjoy yellow, orange, brown and purple too.
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  Sadly, not all mammals are quite as lucky as us, eye-wise. Most have only two-colour vision. These animals include cats, dogs and farm animals
  like cows, goats and sheep. All these animals eyes lack red cone cells, so they can only see in shades of blue, green and yellow. Your pet
  dog, then, doesnt see the world in black and white, like hes looking at some old photograph. But he doesnt quite see the world the way that you do, either.


  Many nocturnal mammals  those that hunt and scamper around by night  have lost their blue cone cells too. So they have single-colour vision. The
  same goes for sea mammals like whales, dolphins and manatees. Again, they dont see in black and white  its more like shades
  of light and dark green, a bit like what youd see through those night-vision goggles that soldiers wear.


  Amazingly, many reptiles, amphibians, birds and sharks have four (or even five)
  types of cone cell in their eyes so they are able to see colours (or rather, types of light) that we cannot see. Many birds, for example, can see ultraviolet (UV)
  light. This lets them see patterns of light on flowers, trees and grassy hillsides that are invisible to humans. Snakes, meanwhile, have extra cone cells that can detect
  invisible, infrared (IR) light given off by warm objects. With this special, snakey, supervision, a pit viper can pick out the warm body of a quivering mouse in
  complete darkness. Good news for the snake; bad news for mousey . . .
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  So why do animals see colours at all?


  Seeing colours comes in very handy for a whole host of different reasons. Primates (monkeys, apes and humans) probably evolved their three-colour vision for
  spotting fruit hidden in leafy trees. Birds use their four-colour vision to navigate during long migrations, and to choose the healthiest
  mates (who may have the most brightly coloured feathers). Many reptiles (including the dinosaurs) probably used their three-, four- or five-coloured vision for the same
  purpose.


  Nocturnal mammals like mice and rabbits have little use for colour vision in darkness. Nor do whales and dolphins, as colours are dulled where they live beneath the waves. So
  simple, single-colour vision does the job well enough. For other mammals  two-colour (blue-green) vision is good enough for finding food, staying with the herd or pack, and spotting
  predators hidden in long grasses.


  So we humans should count ourselves lucky  we get to see the world in colours most other animals dont get to see. Then again, we dont get to see heat trails or the
  beautiful, invisible patterns on flower petals, either . . .


  Life in 3D


  Not only do humans enjoy the world in glorious technicolour, we also get to see it in amazing, lifelike [image: ]!
  Again, this makes us the lucky ones, as not all animals do . . .


  To see the world in three dimensions, you have to be able to see the same scene from two slightly different angles. The simplest way to do this is with two eyes, pointed in the same direction,
  but spaced apart from each other on your face. This, in fact, is how we humans see in 3D.


  Try it for yourself.


  Look
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