
    

    

    
    
  Coral Reefs

 

    

  Coral reefs are one of the three marine biomes on Earth, along with open oceans and estuaries. They form a small but crucial habitat—while covering only 1% of our oceans, they support 25% of our ocean life. This has led to their being nicknamed 'the rainforests of the sea'. Unfortunately, due to a combination of climate change and human activity, they are under urgent threat. It is in our interests to save them. Apart from their ecological value, it is estimated that they provide humans with over $30 billion every year in tourism and fisheries.

 

  


    

    

    
    
  What Is a Coral Reef?

 

    

  A coral reef is a marine structure built out of hard coral skeletons and forming a habitat for other animals. Reefs can take a range of shapes, including ridges and mounds, and can sit deep underwater or in the shallows, exposed at low tide.

   

  Corals build their skeletons fixed onto another hard surface. Reefs therefore often form where there are other structures on the ocean floor. For example, the coral atolls of the Pacific islands have formed on the rims of sunken volcanoes, which is why they are round.

 


  


    

    

    
    

  Corals will also build onto other corals, which is why some of the world's most famous reefs, such as the Great Barrier Reef in Australia, are so large. These reefs can be thousands of years old.

 

    
  Corals can build onto sunken items. Artificial reef bases can be made out of sunken boats or oil rigs.

 

  


    

    

    
    
  Where Do We Find Coral Reefs?

 

    

  Most coral reefs are found in shallow water in tropical and subtropical seas. Important areas for coral reefs are the north-eastern and north-western coasts of Australia, the Pacific Islands, the seas off Southeast Asia, the Caribbean, and the eastern coast of Africa.

   

  A second group of corals is found in less sunny parts of the ocean. Cold water, or deep sea, corals can live 2,000 m deep in the ocean, far below the reach of sunlight. Cold water coral reefs are particularly common around the north-western coast of Europe, the eastern coast of North America, and on old underwater volcanoes in the Atlantic. Many can also be found around New Zealand in the southern Pacific Ocean.

 


  


    

    

    
    
  Climate and Coral Reefs

 

    

  Shallow water coral reefs are mostly found in subtropical and tropical waters. They die in waters that are colder than 18 °C, and prefer waters above 23 °C. However, although these corals don't like cold water, they don't like it too hot either. Waters above 30 °C start to stress them, and although they can live through short heatwaves, if the waters get too warm for long periods of time, this can also kill them.

 

    

  As their name suggests, cold water corals like their environment much cooler. Their ideal temperature is around 8 °C, but they can survive in waters as cold as 3 °C.

   

  As both warm and cold water corals are sensitive to water temperatures, the changes in the climate of the planet can have a big effect on where they live and which species survive.

 

  


    

    

    
    
  Corals

 

    

  Although we think of corals as being hard, rock-like structures, they are actually animals. The parts of corals that we see are external skeletons. They are made of calcium carbonate (CaCO3), which corals create during their lives. Inside these skeletons live the animals themselves—tiny invertebrates called polyps.

   

  Coral polyps are part of a group of animals called Cnidaria and are related to jellyfish and anemones. Like these cousins, they have soft, fluid-filled bodies. Thousands of individual polyps can live within one coral skeleton.

 


    
  It is the zooxanthellae that give corals their colour.

 

  


    

    

    
    

  Cold water corals feed directly by catching tiny animals in the water. However, most tropical or shallow water corals have algae living inside them called zooxanthellae. These algae photosynthesize like plants and produce food for the corals. The relationship between the animal and the algae is called symbiosis.

 

  


    

    

    
    
  Reef Plants

 

    

  Even though they are not on land, coral reefs are home to plants. The most common types are phytoplankton—microscopic plants and algae that live in the water column. These are eaten by animals that filter their food from the water, which in turn are eaten by higher predators.

   

  Around the edges of reefs, and between reefs and the shoreline, seagrass meadows can be found. Seagrasses are not actually related to grass but got their name because many types have long, thin leaves. They grow with their roots in mud or sand, just like land plants grow with their roots in soil. They make food for themselves by photosynthesising in the sunlight which reaches through the shallow water.

 

  


    

    

    
    

  Seagrasses form a very important habitat for animals in the waters around reefs and coasts, providing food and shelter.

 

    
  A dugong (a type of marine mammal) can eat over 25 kg of seagrass in a day.

 

    
  Some seagrass meadows are so large they can be seen from space.

 

  


    

    

    
    
  Invertebrates of the Reef

 

    

  Coral reefs make rich homes for many other species of invertebrate. These include clams, sea snails, crabs, shrimp, starfish, and sea anemones.

   

  Small invertebrates in coral reef biomes form food for each other, as well as for larger animals such as octopuses and fish. They also perform an important job by keeping the reef clean and ecologically balanced, eating up excess nutrients and overgrowths of algae.

 

  


    

    

    
    

  Crown-of-thorns starfish are a native animal on coral reefs around Australia and Indonesia. They are also a major threat. The problem is that these starfish eat the coral itself. This can be good—by eating fast-growing corals, they stop other types from being outcompeted. If there aren't many starfish around, then the corals recover and the reef ecosystem stays in balance. However, if there are too many crown-of-thorns starfish, they eat the coral faster than it can regrow and damage the whole reef.

 

    
  The giant clam of Australia's Great Barrier Reef can live up to 100 years and weigh over 200 kg.

 

  


    

    

    
    
  Octopuses

 

    

  Coral reefs are a favoured habitat for one of the world's most amazing invertebrates—the octopus. Octopuses are a type of cephalopod, with eight arms and no shell. In turn, cephalopods are a type of mollusc—which makes octopuses distant cousins to snails!

   

  Octopuses are famous for their behaviour and intelligence. Many species can change colour at will, which helps them fade into the background. The coconut octopus, which lives around the reefs and shallows of the western Pacific, can even use tools. It picks up discarded coconut or clam shells and carries them around. When it wants to hide, it squeezes itself up and pulls the shell down on top. Then, when food like a crab or small fish swims past, it can shoot out and catch it.

 

    
  Octopuses have part of their brain in each of their eight arms. They also have three hearts and blue blood.

 

  


    

    

    
    
  Reef Fish

 

    

  Fish are one of the most spectacular groups of animals on a coral reef. The Great Barrier Reef in Australia is home to over 1,500 species, while worldwide, reefs support over 4,000 species. From one of the world's smallest ocean fish (the stout infantfish) to some of the world's largest hunters, such as tiger sharks, reefs contain fish of every size and feeding strategy.

 

  


    

    

    
    

  Fish on coral reefs are often very colourful, with stripes and flashes of bright orange, yellow and blue. This is because corals themselves are colourful, due to the symbiotic algae living inside them. Being brightly colored helps smaller reef fish blend in with their surroundings.

 

    
  Clownfish have a special relationship with sea anemones living on the reef. Most fish can't go near anemones without being stung and eaten. However, clownfish are covered in an anti-sting gel that keeps them safe. By living around the sea anemone's venomous tentacles, they can avoid other predators.

 

  


    

    

    
    
  Reef Reptiles

 

    

  Only a few reptiles live in the ocean. The most common on reefs are sea turtles. These large reptiles have a hard or leathery shell on the outside of their bodies, made of bony plates covering their rib cage. The largest species of sea turtle, the leatherback, can grow up to 2 m long.

   

  Coral reefs and their surrounding waters are a good home to the tropical turtles such as green turtles, hawksbills and flatbacks, with a range of food available including sponges (a favourite of the hawksbill, which has a specially adapted jaw for biting off chunks of hard silica), sea cucumbers, sea grasses, and small marine animals such as crabs.

   

  There are only seven species of sea turtle left in the world, and all of these are on the verge of extinction.

 

    
  Green turtles aren't actually green—at least on the outside. The name comes from their green fat, which is colored by the chlorophyll from their sea grass diet.

 

  


    

    

    
    
  Reef Birds

 

    

  Coral reefs make ideal hunting grounds for many species of sea birds due to their shallow waters and rich animal life. Birds from both coasts and the open oceans may move through to feed or breed. The islands formed by exposed sections of reefs offer nesting areas with relatively few predators, and these can be turned into giant "rookeries" where thousands of birds nest. Common birds that can be found on reefs are terns and gulls, as well as wading birds such as egrets.

   

  Birds both contribute to and benefit from reefs. They eat many types of fish and invertebrates, and what they give back is poo! Bird poo, or guano, as it is known, is washed into the water from the rookeries, where it is used as a source of nutrients by other reef animals. Too much guano could be a bad thing for the water, leading to blooms of algae, but the reef ecosystem works as a balanced whole to stop this from happening.

 


  


    

    

    
    
  Reef Mammals

 

    

  Very few mammals live on coral reefs, although ocean mammals like dolphins can visit them. Some ocean mammals that spend their life in the shallow tropical seas associated with reefs are the sea cows—manatees—in the Atlantic and their close relative the dugong, which is found around Australia and South East Asia.

   

  Dugongs look a bit like a dolphin or porpoise. However, they aren't closely related—the nearest living relative to the sea cow is the elephant!

   

  Sea cows are ocean herbivores. They graze on sea grasses that grow around and between reefs and in other shallow tropical environments such as lagoons and estuaries. That makes them very dependent on one type of habitat and vulnerable to environmental change and extinction.

 


    
  Sea cows are believed to be the inspiration for mermaids!

 

  


    

    

    
    
  Threats to Coral Reefs - Bleaching

 

    

  Up to 75% of the Earth's coral reefs are on the verge of extinction. There are several reasons for this.

   

  One is the threat of climate change. Although corals have lived on Earth for hundreds of millions of years, the reefs are adapted to their current conditions. If the climate and ocean conditions change slowly, then reefs would be able to adapt to their new environments. However, if the change happens very quickly, they are more likely to die off.

   

  Coral bleaching is one of the major threats to tropical reefs. This happens when the water temperatures around the reef increase suddenly, and the colourful symbiotic algae that keep the corals alive die off. If the rise in temperature is short, or if only a small area of a reef is affected, then the corals will recover. However, if the warmer temperatures remain for a long period, or large areas of the reef are killed, it is likely that it will all die. This would have a catastrophic effect on the ecosystem it supports.

 


  


    

    

    
    
  Threats to Coral Reefs – Human Activity

 

    

  The health of tropical coral reefs is dependent on the water quality of the surrounding area. Too much sediment being washed off the land can clog up the reef. Similarly, too many nutrients—for example, those washed off farmland—can lead to algal blooms that take light and oxygen from the rest of the water. The reef is adapted to dealing with threats within its own ecosystem but cannot necessarily cope with sudden changes from outside.

   

  Over-fishing will have an obvious direct effect on the ecosystem by unbalancing the food-web. However, clearing forests many hundreds of miles away from the coast may also cause damage by changing the amount of muds and nutrients a river brings to the reef. This means that preservation of the precious coral reef biomes requires thinking about their management in the water and on the land.
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      'touch-action:manipulation;background:none;border:0}' +
      '.pt-hit{width:' + HIT + 'px;height:' + HIT + 'px}' +
      '.pt-tab{width:' + TW + 'px;height:' + TH + 'px;box-sizing:border-box;border-radius:14px;background:var(--pt-fill);' +
      'border:2.5px solid var(--pt-edge);display:flex;align-items:center;justify-content:center;gap:4px;visibility:hidden;' +
      'box-shadow:0 2px 6px rgba(0,0,0,.3)}' +
      '.pt-tab::before{content:"";position:absolute;left:10px;bottom:-9px;width:12px;height:12px;background:var(--pt-fill);' +
      'border-right:2.5px solid var(--pt-edge);border-bottom:2.5px solid var(--pt-edge);border-bottom-right-radius:3px;' +
      'transform:rotate(45deg) skew(8deg,8deg)}' +
      '.pt-tab i{display:block;width:6px;height:6px;border-radius:50%;background:var(--pt-edge);pointer-events:none}' +
      '@keyframes pt-dot{0%,60%,100%{transform:translateY(0)}30%{transform:translateY(-4px)}}' +
      '.pt-tab.pt-on i{animation:pt-dot 1.2s ease-in-out infinite}' +
      '.pt-tab.pt-on i:nth-child(2){animation-delay:.15s}.pt-tab.pt-on i:nth-child(3){animation-delay:.3s}' +
      '.pt-tab::after{content:"";position:absolute;inset:-12px}' +
      '.pt-tab.pt-on{visibility:visible;animation:pt-pop 320ms cubic-bezier(.3,.7,.4,1) both}' +
      '.pt-tab.pt-off{visibility:visible;animation:pt-unpop 140ms ease-in both}' +
      '@media (prefers-reduced-motion: reduce){.pt-tab.pt-on i{animation:none}}' +
      '.pt-hit:focus-visible,.pt-tab:focus-visible{outline:3px solid #fcc128;outline-offset:2px}';
    (document.head || document.documentElement).appendChild(st);
  }
  function guard(e) {  // taps on our controls must not turn the page or reach the picture's word areas
    ['mousedown', 'mouseup', 'pointerdown', 'pointerup', 'touchstart', 'touchend'].forEach(function (t) {
      e.addEventListener(t, function (ev) { ev.stopPropagation(); }, false);
    });
  }
  function control(cls, label) {
    var b = el('button', cls);
    b.setAttribute('type', 'button');
    b.setAttribute('aria-label', label);
    guard(b);
    return b;
  }
  function after(e, cls, fn) {  // run fn when e's animation ends (or after T ms if animations are off)
    var done = false;
    function end() { if (done) return; done = true; e.classList.remove(cls); fn && fn(); }
    e.addEventListener('animationend', end, { once: true });
    setTimeout(end, T + 120);
  }
  function colours(panel) {  // the panel's colour, opaque, and a contrasting edge (a see-through panel: white)
    var m = (getComputedStyle(panel).backgroundColor.match(/[\d.]+/g) || [255, 255, 255]).map(Number);
    if (m[3] === 0) m = [255, 255, 255];
    var fill = 'rgb(' + m[0] + ',' + m[1] + ',' + m[2] + ')';
    var dark = 0.2126 * m[0] + 0.7152 * m[1] + 0.0722 * m[2] < 140;
    return { fill: fill, edge: dark ? '#f2f2f2' : '#5b6470' };
  }
  function wrap(box) {
    var fold = el('div', 'pt-fold');
    while (box.firstChild) fold.appendChild(box.firstChild);
    box.appendChild(fold);
    return fold;
  }
  function setup(box, panel) {
    // blocks sharing this panel (merged: stacked close together) fold with it, towards the same point
    var sid = panel.getAttribute('data-pt-sid'), more = [], at = [];
    var marks = sid ? document.querySelectorAll('.pt-member[data-pt-lead="' + sid + '"]') : [];
    for (var j = 0; j < marks.length; j++) at.push(marks[j].parentNode.getBoundingClientRect());
    var lead = box.getBoundingClientRect();
    for (j = 0; j < marks.length; j++) more.push(wrap(marks[j].parentNode));
    var fold = wrap(box);
    var extra = [];  // a merged group's other panels: one shadow around the whole shape
    for (var e = panel.parentNode.firstChild; e; e = e.nextSibling)
      if (e.nodeType === 1 && e.classList.contains('pt-extra')) extra.push(e);
    if (!panel.classList.contains('drawn')) {  // the shadow moves onto a layer so the cut corner keeps it
      var shade = el('div', 'pt-shade');
      panel.parentNode.insertBefore(shade, extra[0] || panel);
      for (j = 0; j < extra.length; j++) shade.appendChild(extra[j]);
      shade.appendChild(panel);
    }
    var L = panel.offsetLeft, Tp = panel.offsetTop, W = panel.offsetWidth, H = panel.offsetHeight;
    var S = Math.round(Math.min(13, H / 4));  // small: inside the padding, never over the text
    function paint() {
      var c = colours(panel);
      box.style.setProperty('--pt-fill', c.fill);
      box.style.setProperty('--pt-edge', c.edge);
    }
    paint();
    document.addEventListener('pt-theme', paint);  // the reader picked another text background (switch menu)
    panel.style.setProperty('--pt-s', S + 'px');
    panel.classList.add('pt-dogear');
    fold.style.transformOrigin = (L + W / 2) + 'px ' + (Tp + H / 2) + 'px';
    for (j = 0; j < more.length; j++)
      more[j].style.transformOrigin = (lead.left - at[j].left + L + W / 2) + 'px ' + (lead.top - at[j].top + Tp + H / 2) + 'px';
    var folds = [fold].concat(more);
    function each(fn) { for (var q = 0; q < folds.length; q++) fn(folds[q]); }
    var flap = el('span', 'pt-flap');  // the folded-over corner: paper underside, a little darker
    flap.setAttribute('aria-hidden', 'true');
    flap.style.width = flap.style.height = S + 'px';
    flap.style.left = (L + W - S) + 'px';
    flap.style.top = (Tp + H - S) + 'px';
    flap.style.background = 'linear-gradient(to bottom right, rgba(255,255,255,.95) 0%, var(--pt-fill) 30%, ' +
      'color-mix(in srgb, var(--pt-fill) 82%, #6b5a45) 49.5%, transparent 50%)';
    panel.parentNode.insertBefore(flap, panel.nextSibling);
    var hit = control('pt-hit', 'Hide text');
    var tab = control('pt-tab', 'Show text');
    for (var k = 0; k < 3; k++) tab.appendChild(el('i'));
    hit.style.left = (L + W - S / 2 - HIT / 2) + 'px';
    hit.style.top = (Tp + H - S / 2 - HIT / 2) + 'px';
    tab.style.left = (L + W / 2 - TW / 2) + 'px';
    tab.style.top = (Tp + H / 2 - TH / 2) + 'px';
    box.appendChild(hit);
    box.appendChild(tab);
    var busy = false;
    function collapse() {
      if (busy || fold.classList.contains('pt-collapsed')) return;
      busy = true;
      hit.style.visibility = 'hidden';
      each(function (f) { f.classList.add('pt-closing'); });
      setTimeout(function () { tab.classList.add('pt-on'); }, T * 0.7);
      each(function (f) { after(f, 'pt-closing', function () { f.classList.add('pt-collapsed'); }); });
      setTimeout(function () { busy = false; }, T + 130);
    }
    function expand() {
      if (busy || !fold.classList.contains('pt-collapsed')) return;
      busy = true;
      tab.classList.remove('pt-on');
      tab.classList.add('pt-off');
      setTimeout(function () { tab.classList.remove('pt-off'); }, 160);
      each(function (f) { f.classList.remove('pt-collapsed'); f.classList.add('pt-opening'); after(f, 'pt-opening'); });
      setTimeout(function () { busy = false; hit.style.visibility = ''; }, T + 130);
    }
    hit.addEventListener('click', function (ev) { ev.preventDefault(); ev.stopPropagation(); collapse(); });
    tab.addEventListener('click', function (ev) { ev.preventDefault(); ev.stopPropagation(); expand(); });
    // read-aloud: a box collapsed before the reading reached it opens when its first word is read;
    // a box the reader closes while it is being read stays closed (they chose to look at the picture)
    var reading = false, keepClosed = false;
    hit.addEventListener('click', function () { if (reading) keepClosed = true; });
    tab.addEventListener('click', function () { keepClosed = false; });
    if (window.MutationObserver) {
      var mo = new MutationObserver(function () {
        var now = false;
        each(function (f) { if (f.getElementsByClassName(ACTIVE).length) now = true; });
        if (now && !reading && !keepClosed && fold.classList.contains('pt-collapsed')) expand();
        if (!now && reading) keepClosed = false;
        reading = now;
      });
      each(function (f) { mo.observe(f, { subtree: true, attributes: true, attributeFilter: ['class'] }); });
    }
  }
  function run() {
    var panels = document.querySelectorAll('.pt-panel:not(.pt-extra)');
    if (!panels.length || document.querySelector('.pt-hit')) return;
    css();
    for (var i = 0; i < panels.length; i++) setup(panels[i].parentNode, panels[i]);
  }
  if (document.readyState === 'loading') document.addEventListener('DOMContentLoaded', run); else run();
})();
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