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The octopus has long enamoured, mystified and scared humans as one of the most recognizable but far from well-understood animals on the planet. From tales of vast octopus-like monsters sinking ships in oceanic folklore to the heartwarming videos of these charming creatures solving complex puzzles, it’s hardly surprising that they ignite such curiosity. As one of the most intelligent animals in the world, these eight-limbed molluscs can use tools, behave strategically, solve problems and learn quickly. One octopus was even tasked with predicting World Cup football results.
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With around 300 species of octopus, there’s significant variation in their characteristics, with just a couple of types being most commonly found in popular culture. Their habitats differ just like their species, and they live in coral reefs, deep-sea environments and even shallow water. Octopuses are shapeshifters and camouflage experts, altering their bodies in shape and colour to match rocks, seaweed and coral for safety and hunting. Adaptable is their middle name.


In this book, we’ll dive deep into what makes octopuses unique, where and how they live and look at just how clever they can be. We’ll also find out where octopuses have appeared in folklore and discover some of the most bizarre stories about them, as well as how they came to fill popular culture with their image.


Are you ready to learn about this beautiful, enigmatic and super-smart animal? Let’s jump in and take a look under the surface.
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Chapter One:
A Creature Like No Other



An octopus has eight limbs – most people know that – but its number of limbs, although mighty impressive, is just the headline of this fascinating animal’s biology. Seemingly more liquid than solid and almost as suited to the ocean as water is itself, it’s in the octopus’s physiology that the true wonder lies. This chapter explores the extraordinary facts of an octopus’s biology, the unique attributes it has to survive in the ocean environment and the mind-bending intelligence that’s been discovered in several of its species.
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The octopus is part of the cephalopod class of the mollusc family, a class it shares with its cousins the squid, cuttlefish and the lesser-known nautilus. And what a class they are! Cephalopods can trace their history back to the Cambrian Period – that’s 530 million years ago – and 150 million years ago evolution gifted us the octopus we know today. To put that in perspective, the extinction of the dinosaurs happened just 66 million years ago and modern humans have only been around a mere three million years. As you can see, octopuses have been around a while.


While it might be difficult to imagine that octopuses are actually molluscs (which typically have a hard outer shell), it becomes less surprising when we learn that their ancestors did indeed have shells. Why did evolution do away with this protective layer? Possibly to make it easier for these creatures to move to deeper environments or to enable them to escape from predators. In some cephalopods, shells are now found internally, but the octopus discarded it altogether.
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For most animals, evolution is a long game. Random mutations occur in an animal’s genes that may help or hinder its life. Over time, the useful genes are reproduced through generations to create more permanent DNA changes to that species. The DNA contains genetic instructions for how to build each life form. Changes in DNA take considerable time to occur at scale, although in some organisms like bacteria and plants, change can happen rapidly. Octopuses though, like to do things… differently.


One of the most fascinating things about the octopus is that its DNA hasn’t changed much at all. In the last decade, scientists have discovered that cephalopods, including the octopus, have been making changes to their RNA (ribonucleic acid), while keeping their DNA the same.


What’s RNA? Like DNA, RNA carries genetic information, but it can move much more easily. Sort of like a messenger, RNA carries this information from DNA around the body, which the body’s cells use to build proteins for various things (such as making hormones). While in other organisms RNA typically gets its information from DNA, in octopuses the RNA can adapt, or be edited. So, what does this mean?


RNA editing in octopuses so far has been useful for adjusting to environmental factors such as changing water temperature. This means that when an octopus is born, perhaps its DNA makes it suited for a tropical water temperature. But if you put that octopus in cooler water, instead of dying because it’s not evolved for that environment, it can edit its own RNA to affect changes in its body that make it much more suited to cooler water temperatures. This is isolated evolution within a single lifespan because while DNA is hereditary – it’s passed from parent to offspring – RNA is not. Changes to one octopus’s RNA won’t be found in that of its offspring – they must edit their own RNA to adapt to whatever environment they find themselves in. This might sound unnecessarily challenging for young octopuses, but it’s this quality that makes them one of the most adaptable and resilient animals in the world.
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No one’s quite sure why octopuses and other cephalopods edit their RNA rather than rely on longer-scale DNA changes – after all, they’re almost the only multicellular organisms that we have discovered taking this route – but it’s likely down to simple practicality. Octopuses don’t have a particularly long lifespan, so they need to learn and adapt quickly to quite hazardous environments. They’re also prey for many creatures, so must be adept at defence and smart at evading different predators.


One of the fascinating side effects to editing RNA instead of DNA is that it requires the DNA to remain the same over generations. If the DNA itself changed, then it wouldn’t create the same coded RNA that could affect the protein in the right way to make RNA changes. Imagine a video-game developer who creates a game (RNA) to run on a version of Microsoft’s operating system (DNA), but then the operating system has a big update and the game no longer has the base it needs to run. Then the game simply isn’t able to communicate with the computer’s operating system.





Because of RNA editing in octopuses, their underlying DNA likely hasn’t changed in a staggering amount of time, tens of millions of years. Each octopus is born with more or less the same underlying DNA as an octopus 1,000, 1 million or 10 million years ago and it adapts as necessary.


To give an example of how unusual this is, only around 1 per cent of human RNA is thought to be editable during a person’s lifetime, whereas around 60 per cent of a cephalopod’s RNA is thought to be editable.


[image: ]











[image: ] The octopus’s nearest and dearest [image: ]



Cephalopods are such a fascinating class of animals that it’s worth taking a moment to check out the rest. These are the cousins of the octopus:


Squid


There are many species of squid and in general they have eight arms and two tentacles (in cephalopods, arms have suction cups along their whole length while tentacles only have them at the end). While soft like the octopus, they have an internal non-bony skeleton. Some species can eject ink as a defensive move, and most can swim very fast. The smallest species is around 1–2 cm (½–[image: ] in.), while the largest is the giant squid, growing to 10–13 m (32–43 ft) in length. They’re smart, can communicate and have even been known to hunt together.
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Cuttlefish


Highly intelligent like some species of octopus and squid, cuttlefish are widespread throughout much of the world. They can squirt ink and change the colour and texture of their skin; the last two being common ways cephalopods communicate. Unlike the others, though, cuttlefish have a unique internal hard bone. The cuttlefish’s prey actually includes octopus and squid, while their predators include dolphins and seals. Their size range isn’t quite as wide as the squid’s but is not insignificant at 4–50 cm (1½–20 in.) with the largest being the aptly named giant cuttlefish.


Nautilus


Nautilus are a far more primitive cephalopod and lack the complex intelligence of their cousins, but studies have shown that they have a functional memory and can learn. They’ve also retained their hard outer – the only cephalopod to have done so – and have a bony body that lives inside a Fibonacci-patterned shell. Nautilus rarely reach more than 25 cm (10 in.) and their lack of evolution over millions of years has earned them the moniker of “living fossils”.
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We probably only see a few species of octopus in popular culture but there are actually around 300. These can range from the common giant Pacific and Caribbean reef octopus to the far more unusual mimic, dumbo and blanket octopus.


You can find different species of octopus in every ocean and there are plenty of things that tie most types together. Almost all have eight arms (there is a seven-armed octopus, literally called the seven-arm octopus, but it’s more of a technicality) and most can change colour and texture. The majority of species feed on small molluscs and other small animals like crabs, and they are all soft-bodied with no bones or shell.


Octopuses can live at different depths depending on their species although almost all live on the sea floor. Some are found in the shallows, occasionally visible from the shore, while others live much deeper where even light is hard to come by.


They might sound similar, but over the next few pages we’ll take a look at what makes the many species different from one another.
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Let’s look at the two most recognizable octopus species to see what magic they hold.


The common octopus


Aptly named, this creature is found throughout the world. They grow from 0.3–3 m (1–3 ft) from the top of their head (the mantle) to the end of their arms – if you were going to draw an octopus, this would be it. They might be common, but they’re never dull. Highly intelligent, they love to play, solve puzzles and work out problems. Unlike almost every other octopus, they’ve been known to walk on the seafloor on two arms.


The giant Pacific octopus


Usually hanging out at just 5 m (16 ft) below sea level, this is the biggest species of octopus and can reach widths of 9 m (30 ft) and significant weights – the largest recorded was 270 kg (595 lb), which is similar to a pig. Known for their reddish-brown colour, these are true ocean wonders and extremely intelligent, being able to think their way through problems such as how to poach crabs from crab pots.
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Let’s see what other surprises await us in the unique world of these eight-limbed creatures.


The blue-ringed octopus


Possibly the jazziest, this is also the most venomous species and in fact one of the most venomous animals in the sea. They’re recognizable by their glowing blue rings, which serve to warn off predators. They are the size of a golf ball with arms just 8 cm (3½ in.) long.


The Caribbean reef octopus


The Caribbean reef octopus is mostly iridescent but can change colour at will. It lives a nomadic existence in warm, usually shallow waters. It can grow its mantle to around 12 cm (5 in.) and arms up to 60 cm (24 in.).


The coconut octopus


Just 30 cm (12 in.) from the top of their head to the end of their arms, the coconut octopus takes its name from its favourite method of staying safe and cosy – getting inside coconut shells. Highly intelligent, this species picks up ocean debris for tools and shelter, and it has another fairly unusual trait: it walks around on two arms. Only three species of octopus are known to do this.


The Dumbo octopus


This is actually the name of 15 species of similar octopuses who live at great depths – around 4,000 m (13,000 ft) – and as a result are almost blind. They’re named after the Disney elephant because their flapping fins resemble Dumbo’s ears. They have no ink and cannot change colour and less is known about their behaviour due to the depths that they live in.


The mimic octopus


Most octopuses use camouflage, some expertly changing colour, texture and shape. None do it quite so well as the mimic octopus, who impersonates other animals, from flounders and sea snakes to crabs. Why? To avoid being eaten. They can grow to around 60 cm (2 ft) in length.


The flapjack octopus


Living quite deep, this tiny octopus has an amazing tactic of flattening itself to look less appetizing to predators. Their arms are webbed, making them look like a miniature umbrella. They’re often confused with the Dumbo octopus.
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While many books and cartoons might reference an octopus’s tentacles, they actually have none. Their eight limbs are called arms, and they’re lined with suction cups from base to tip, unlike tentacles, which only have suction cups at the end.


One of the most jaw-dropping facts about octopus arms is that they effectively have their own brains. That’s right, each arm has its own neurological bundles called ganglia and, as a result, they can move independently. These “mini-brains” are packed with neurons; in fact, around two thirds of the creature’s neurons are in these smaller brains in their arms with only one third in the central brain. This means an octopus has nine brains.


Thanks to these smaller brains, while an octopus is doing one thing, perhaps investigating a crevice with one or two arms, another arm might be overturning a rock or trying to open a tasty-looking shell. This makes the octopus a master of multi-tasking as its arms work to move, investigate, test surfaces and even taste simultaneously. While not proven, scientists are now considering whether these arms may also be able to sense light levels.





Suction secrets


The arms work in tandem with around 2,000 suction cups in total, each cup able to move independently to achieve the arm’s goal. It’s these suction cups that allow the arm to manipulate objects, hold onto things and “lick” objects or prey to taste them before the octopus decides if something is edible.


Big brain, small brain


While the arms can move and think independently, the central, or main, brain can also control each arm. Scientists have tested this by putting food in a place an arm could only reach by first moving out of water, preventing it from using its sensitivity to chemicals to smell the food. The octopus could still see where the food was and managed to send its arm to the right place, even without chemical signals in the individual arm.
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