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Build it and they will come. That was the blind faith behind our desire to create a large pond on our Yorkshire smallholding. We’d been told that water brings wildlife, a promise too great to ignore. The corner of one particular field, which flooded without fail every year, seemed the perfect spot and we set to work with a digger. The land was once at the bottom of a great post-glacial lake and if you dig down just a few feet, you soon hit gloriously sticky clay. This, combined with northern England’s generous rainfall, soon helped to form a body of water ready for nature to find it. And find it they did.

The pond has now been teeming with life for nearly two decades. And every year, and season, is subtly different. Mallards, moorhens and Canada geese seek out the water in spring, an oasis in acres of arable farmland, and broodily raise a clutch. Night-time visitors – deer, foxes, hedgehogs – drink under the cover of darkness, their only traces the footprints left on the pond’s muddy fringes. In high summer, swallows and house martins skim perilously close to the water, hoovering up insects as they buzz the surface.

The most remarkable visitors, however, are the frogs and toads. Like faithful devotees, they make a pilgrimage to the pond every year. For just a few weeks between late February and early April, they congregate, mate and leave their eggs behind. I find it strangely moving that they have chosen our pond as the place to entrust their spawn. The odds of a tadpole ever making it to being an adult aren’t any a gambler would take – around a thousand to one – but those that do remember the pond, and are drawn back every year to have young of their own.

Some years, we see only a few handfuls of spawn. At other times, the pond is full, bouncing and gelatinous. The frogs lay theirs in great clumps, like school tapioca, while the toads leave spotty, translucent ribbons of eggs, tangled in the shallows. The childlike joy of watching these dots turn into commas and then into tadpoles never fades. Other creatures are fascinated too, for all the wrong reasons. Come breeding season, we often find the grisly remains of frogs at the edge of the pond, skewered by a heron or rook. We also find sun-dried frogs, desiccated mid-pose like crispy taxidermy. I’ve always wondered whether these were exhausted males, utterly spent after a frenzied few days of mating, or simply unlucky souls who’ve strayed too far from the water on a hot day. One memorable year, the pasture was alive with tiny new frogs – froglets, as they’re sweetly called. It had clearly been a bumper season. The ground twitched, on a biblical scale, with thousands of miniature hoppers. Every footstep risked squashing dozens underfoot, but in a few days they were gone, vanished into the undergrowth.

The change from egg to tadpole to frog is one of the most extraordinary feats of nature. It’s a radical and rapid metamorphosis, changing from an aquatic baby to a largely terrestrial grown-up. The tadpole stage is also the most visible to humans; frogs and toads are sensibly camera shy. It’s telling that Britain’s signature frog – the common frog – has the Latin designation Rana temporaria, the ‘temporary frog’, no doubt named after its secretive habit of seeming to disappear at the end of summer only to reappear in spring.

You also rarely find a frog or toad out and about when it shouldn’t be. Most of my encounters with them have been my voyeuristic peeks of couples in the pond during the mating season, or stumbling upon one by accident in the garden, after moving a terracotta pot or faffing about in the compost. I once caught one of our hens with a frog, upside down in her beak. She was so surprised to have caught it, and totally befuddled by what to do next, that she dropped it almost instantly and watched it hop away. Most animals, however, seem to steer clear of toads, somehow aware of their foul-tasting skin.

Indeed, frogs and toads of all kinds are remarkable survivors. As you are going to find out, they have been around for an uncommonly long time. The prehistoric predecessor to the modern frog, the Ichthyostega – sometimes called the ‘first four-legged fish’ – lived over 350 million years ago, more than a hundred million years before the Age of Dinosaurs. Frogs, as a creature we would recognise, evolved around 200 million years ago and, despite their huge variety, have changed little in terms of body design: an evolutionary example of ‘if it ain’t broke’ if ever there was one.

Within this basic frog-shape, however, lies glorious diversity. They have also colonised most of the planet, save a scattering of isolated islands and polar extremes. While Britain has just a handful of native frogs and toads, both Europe and North America have dozens. Australia has over two hundred species. Of the world’s seven or so thousand frogs and toads, however, 80 per cent live in tropical rainforests. These warm, lush, wet environments – from the Amazon to New Guinea, equatorial Africa to India – have allowed nature to run riot with her creativity, producing a spectacular palette of frogs and toads. With an average of one hundred new species being named every year, there are, no doubt, more to be discovered.

And yet, we’re also losing species at a distressing rate. As we’ll see in our final chapter, frogs are facing unprecedented hazards. Habitat destruction, climate change, animal trading and a virulent fungal disease are threatening many of the world’s frogs and toads. In 2006, David Attenborough’s BBC series, Life in Cold Blood, for example, filmed the Panamanian golden frog, a wildly toxic and utterly beguiling species that waves to its love interest rather than just croaking at it. Just months after the cameras stopped rolling, the golden frog was extinct in the wild. It, like many other amphibians, had succumbed to chytrid fungus, a pathogen that has decimated populations across the planet.

Bad news can be paralysing, however, and it’s important to know that there are plenty of positive things we can do to help. Stories of conservation work and reintroduction abound and everyone can get involved – this book will tell you how. Dotted throughout the chapters are simple ways to boost frogs’ chances and protect them for future generations. Many people are working hard to create spaces for amphibians, for example, whether it’s a wildlife-friendly garden, vast wetlands or, like us, a wild pond. Others are campaigning at a local, national or international level. Issues such as the amphibian pet trade, invasive species and edible frogs are also in the mix.

Above all, this book is a celebration of frogs. They never cease to surprise me with their extraordinary diversity. Almost every new species discovered reveals something new about their biology and behaviour. From how certain frogs can change colour to the evolution of leaping and landing, science is learning more every day. Although The Book of the Frog is global in its coverage, it’s also an appeal to look out for local species and become passionate about frogs in your own backyard. And, if we do catch a glimpse of these incredible creatures, to remind ourselves never to take them for granted. It’s often only by coming face to face with frogs that we remember just how remarkable they are, both as an evolutionary miracle and a key player in the world’s biodiversity. If you aren’t already in love with frogs, you should be. The story of the frog is fascinating. Indeed, you might even call it ribbiting.
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THE EVOLUTIONARY POND
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Frogs belong to a large and diverse class of animals called amphibians. The word amphibian comes from amphibios – amphi meaning ‘two or on both sides’ and bios, ‘life’. It describes animals that live dual lives, one in water and one on land. Within this class are three sub-groups or ‘orders’. These are the Anura (frogs), Urodela (newts and salamanders) and the worm-like, slightly other-worldly Apoda (caecilians). Of all the 8,000 or so amphibians known to science, however, frogs and toads make up the overwhelming majority.

FROG OR TOAD?

What is the difference between a frog and a toad? While frogs and toads are both in the Anura order, toads belong to their own special, smaller subset or ‘family’ called Bufonidae. All toads are frogs, therefore, but not all frogs are toads. Scientists use the word ‘anurans’ to mean both frogs and toads.

But this is where it gets complicated. Historically, the differences between frogs and toads were based on the physical appearances and behaviours of species found in Britain and Europe. A frog was easy to identify by its long, hoppy legs and slimy skin; the toad, by its warty dry texture and stubby gait. Toads laid long ribbons of eggs; frogs bore great clumps. Frogs lived permanently near water, to keep their skin moist, while toads spent much of the year away from the pond, hiding in the undergrowth. Toads had glands behind their eyes that secreted toxins, making them poisonous to touch or eat. Frogs didn’t.
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Did you know…?

The study of frogs and toads is called herpetology. While the logy bit is straightforward, meaning ‘knowledge or theory’, the herpe bit is fascinating. The ancient Greeks called amphibians and reptiles herpeton, meaning creeping or slinking things. We get herpes from the same origin, an ancient medical word that perfectly describes the disease’s habit of crawling across the body.
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Indeed, it was so easy to tell a frog from a toad that most people felt confident they knew the difference. The Anglo-Saxons even had two different terms – frogga and tadde – from where we get our modern names. Britain’s two toads – the common toad and the natterjack toad – and two native frog species – the common frog and the pool frog – fitted nicely into this description. Incidentally, the word ‘tadpole’ also comes from this time – a comical marriage of tadde and pol (head), no doubt a reference to the creature’s unusual proportions.

Problems arose, however, when these categories were applied to the rest of world, with its plethora of anuran shapes, sizes and behaviours. Such was the confusion over whether a creature was a frog or a toad that many species have leapt categories as we’ve learned more about them. One of the world’s smallest species, the Brazilian gold frog, for example, has also been known in the past as Izecksohn’s toad, the flea-frog and the flea-toad. Equally, the common midwife toad – a European amphibian that carries its spawn on its back legs – is now classified not as a toad but a frog. The South American Surinam toad – who, as we’ll see later (see here), famously grows her tadpoles in the skin on her back – is also not a toad, but a special kind of frog that lives almost exclusively underwater. It’s all very confusing.

Indeed, many biologists will tell you that the terms frog and toad are not immutable, and that there is no agreed scientific or taxonomic distinction between the two. Molecular studies and new research also change the classification goalposts on an almost weekly basis. Others disagree, saying that there are enough shared similarities between around five hundred key species of anurans – such as being toothless and warty in appearance – that we can put them in a family of their own. These few are called ‘true toads’ or Bufonidae. In reality, the curious taxonomy of the Anura order is nothing compared to the sheer eccentricity of the world of frogs and toads. From deadly poisoners to pancake-flat species, frogs that can fly to those that freeze solid in ice, few creatures have such a wild tale to tell. But first, we need to go back in time to where it all started.

Amphibians, the class of animals that include frogs and toads, were pioneers. They were the first vertebrates (animals with backbones) to drag themselves from the primordial soup – around 370 million years ago – and walk on land. The transition from an aquatic to a terrestrial life, however, was full of sticky challenges, and not least how to get about. Everything from reproduction to respiration, diet to digestion needed to adapt and yet, in many ways, amphibians are still tied to their evolutionary beginnings. For all their colonisation of earthly landscapes, amphibians are still firmly wedded to water. Most species still prefer wet, humid environments and return to water, or damp places, to breed. Many amphibians also perform the miraculous trick of breathing both through lungs and their skin and, as young, live underwater like fish, using gills to get their oxygen.

Today’s frogs and toads are descended from a group of amphibians that looked similar in many ways to a modern salamander. They had very long spines, with about thirty vertebrae, and a long tail. About 250 million years ago, we start to see an intermediate species – Triadobatrachus – a creature halfway between a slinky salamander and a true anuran. Found in Madagascar, fossil remains of the Triadobatrachus show it had a shorter spine – to fourteen vertebrae instead of thirty – but kept a stumpy tail. Fifty million years later, around 200 million years ago, true frogs emerge, whose skeletal remains are so similar to modern anurans that they are almost indistinguishable. True toads are thought to have come slightly later to the party, emerging between 70 and 100 million years ago in South America, before radiating, slowly but determinedly, across the globe.1
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Did you know…?

Most frogs have a tiny number of teeth in their upper jaws but none in their lower jaw. This tooth loss happened around 230 million years ago as the frog evolved. One frog, however, still has its bottom gnashers. Guenther’s marsupial frog, from South America, re-evolved its lower teeth 20 million years ago, challenging the biological rule that species can never regain traits they lost during evolution.2
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We don’t know how many species of prehistoric anuran there were. But new fossil discoveries are adding colour to the picture every year. One fossil frog, for example, was recently discovered trapped in amber in Myanmar, Southeast Asia. Dated to around 99 million years ago, this tiny, grape-sized species – which has been named Electrorana limoae (more commonly known as the amber frog) – is the earliest direct evidence of a frog living in a wet tropical rainforest. Remarkably, the amber also contained a beetle, which researchers suspect the frog was about to catch just before both were engulfed in the resin flow.3

While Electrorana was a miniature species, not all fossil examples have been small. Remains of a giant specimen were discovered in Madagascar and date from around 70 million years ago. There has been some debate about just how large this ancient frog was. Frogs and toads are measured from nose to bum, not including the length of their legs, a dimension delicately known as ‘snout-to-vent’. Estimates for this particularly beefy frog – amusingly named Beelzebufo (the devil toad) – range between 23 cm (about the size of a modern African bullfrog) and an unprecedented 43 cm long. The head and jaw of Beelzebufo were also unusually large and may have allowed it to eat an impressive range of prey. Scientists are also quick to point out what a formidable predator Beelzebufo could have been. With its powerful mouth, this ancient anuran may have had a bite force comparable to a modern wolf, allowing it to gobble up other small animals and even juvenile dinosaurs.

Ancient remains are fascinating, but once in a while scientists discover something even better – a living fossil. The discovery, two decades ago, of the Indian purple frog sent the world of herpetology into a spin. Found in the Western Ghats, in southern India, this idiosyncratic species turned out to be special for many reasons. Described variously and rather unkindly as a flattened aubergine, a bloated, shiny mole or a lumpy doughnut, this frog spends most of its life underground in a burrow, surfacing only for two weeks during the monsoon mating season. Its minuscule eyes, pointed snout and pneumatically pumped-up body are dramatic looking but not half as exciting as its truly astonishing age. DNA analysis has shown that the Indian purple frog has been in existence for over 100 million years, meaning it lived through the Age of Dinosaurs, numerous global glaciations and the break-up of the supercontinents. Indeed, the closest living relatives of the Indian purple frog are the Sooglossidae, a family of frogs found only on the Seychelles Islands. Separated by over two thousand kilometres of sea, their remarkable relatedness reminds us that the two countries were once part of the same primeval landmass.

The Indian purple frog also witnessed the Chicxulub asteroid 66 million years ago. When it hit the planet, the asteroid’s impact was so devastating it wiped out around three-quarters of all life on Earth, including the dinosaurs. Frogs, however, survived. We don’t know how they did it – perhaps they burrowed underground or went into a long period of dormancy – but survive it they did. And not only did they make it through the impact, they thrived. In fact, 90 per cent of all amphibians, including frogs, are descended from just three genetic lineages that made it through the mass extinction.4
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When all the dust had settled, and the world began to recover, the number of frog species ballooned rapidly. From the ruins of the Chicxulub impact, anurans emerged victorious and went on to colonise new and exciting ecological niches. With such an uncontested landscape to occupy, it’s perhaps no surprise that frogs and toads are now found in a wide and often bewildering range of different habitats. From Arctic pools to steamy treetops, underground burrows to urban back gardens, the resilient little anuran has made them all its home.
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Did you know…?

Frog evolution often defies categories. For years, for example, scientists have divided frog species into those that lay their eggs on land and those that lay in water. The Central American hourglass tree frog, however, can do both. A female might lay her eggs on a tree leaf or in shallow water, depending on how successful she feels each location will be on the day. It’s an unusual and risky strategy as any eggs laid on land need a period of rain to survive, while eggs laid in water that’s too deep can struggle to absorb enough oxygen.

At the beginning of frog evolution, all species laid their eggs in water. At some point in time, evolutionary pressures forced some frogs to switch tactic and become terrestrial egg layers. What scientists don’t know, however, is how or why that transition took place. The discovery of the hourglass tree frog, and her hedge-your-bets approach, may just give us a glimpse into a transitional phase in amphibian evolution.5
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HOW TO HELP FROGS

Make a pond

A wild pond will have amphibians and other creatures flocking to your garden. A body of water with a surface area of as little as four square metres will keep frogs and other wild creatures very happy, but the key measurement is the depth. Frogs need at least 50 cm to overwinter safely, away from freezing outside temperatures. The pond also needs gently sloping or terraced sides, to allow wildlife to climb in and out easily. You can make a wildlife pond any time of the year, but if you do it in autumn or winter it’ll have chance to fill up with rainwater and bed in before the rabble arrive in spring. Don’t add fish – they tend to eat everything else.

PICK A SPOT – Look for a site that’s level and gets plenty of sun. Ideally, the pond should get some shade during part of the day but not be completely overshadowed by deciduous trees, which will fill it with leaves in autumn.

DIG A HOLE – Aim for a deep centre in the middle (at least 50 cm depth), with sloping or terraced sides. A ‘shelf’ at roughly 20 cm below the waterline, and about 30 cm wide, will be ideal for marginal pond plants.

UNDERLAY – Pond liners are easily punctured, so cover the inside of the hole with either soft sand or pond underlay. Or you can line your pond with puddled clay, creating a surface that is at least 20 cm thick.

ADD THE LINER – Lay the pond liner gently across the hole with as few creases as possible. You’ll need to keep the edges of the liner in place with heavy rocks, at least until the pond is filled with water.

FILL IT UP – Let rain fill up the pond. Tap water is chemically treated so, if you have to use a hose, leave the pond for a fortnight to allow the chlorine to fully evaporate before introducing plants. To keep your pond healthy and provide cover for wildlife, plant a mix of marginal, oxygenating and floating plants.

SIT BACK AND WAIT – Don’t transplant frogs or spawn from other ponds – it can transfer diseases. Nature will find its own way there. Gentle maintenance over autumn and winter, such as removing dead leaves, will keep things in balance.

MAKE A MINI-POND – If you don’t have space for a wild pond, a mini-pond can still provide space and shelter for amphibians. Sink a large watertight container into the ground – washing-up bowl, rubber trug, plastic storage box, old sink etc – and use rocks, bricks or logs to create a sloping side to allow wildlife to climb in and out. Add two or three pond plants (always native species) – one for oxygenating the water and one for surface cover.

See Directory, for more information on creating ponds for wildlife.
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Chapter Two
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LEAPING AND LANDING
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The Anura order of frogs and toads is so diverse it can be difficult to come up with an agreed definition of what a frog actually is. There are, however, some general features that most anurans share (although, as we’ll keep finding out, there are always exceptions that defy categorisation). Anurans tend to have a broad head, protruding eyes, a large mouth with a tongue attached to the front, limbs folded underneath and no tail (anura means ‘no tail’ in ancient Greek). They have a short, stiff backbone – made up of nine or fewer vertebrae – and no ribs. Anurans also have skin glands that produce secretions ranging from the mildly irritating to highly toxic.

Perhaps the most admired anuran quality, however, is its ability to leap. And some species exploit this skill to its full potential. The South African sharp-nosed frog, for example, has the longest jump relative to its body size. At around 6 cm long, this Olympian anuran can propel itself over 5.3 metres in one single leap – that’s more than ninety times its own body length. Or the equivalent of a human boinging over 140 metres, a distance greater than the height of Egypt’s Great Pyramid.

For years, scientists couldn’t work out how frogs managed to leap so far, but we know now that it’s down to the special way their back legs store energy. When a frog is in a sitting position, its back leg muscles contract. This elongates its tendons – like someone stretching a rubber band as far as it will go. ‘Elastic potential’ is energy stored in an object when it’s stretched – when the frog then jumps, the tendons release their energy and catapult the frog into the air.

Anurans often use large leaps as a means of escaping predators. Curiously, scientists who study the evolution of frogs believe that the ability to jump developed well before frogs worked out how to land properly. Most species can leap, land safely and then jump again almost instantly. But not all. Hochstetter’s frog from New Zealand, for example, belongs to an ancient lineage of frogs called the leiopelmatids. Unlike more recently evolved species, when a Hochstetter’s frog jumps it lands in an awkward belly flop without using its forearms to cushion the blow. In fact, it lands so clumsily it has to pick itself up and then reposition its limbs for the next jump. Such is the palaver that, for most of the time, the Hochstetter’s frog prefers to walk.

Another species that struggles is the deliciously named Brazilian pumpkin toadlet. A wee thumbnail of a frog, it launches itself with cheerful abandon only to career through the air, spinning and forearms flailing like a clown shot from a canon. Its unpredictable landings are even worse, the frog often face-planting on the ground, landing upside down or even cartwheeling to a stop. Why some frogs never learned to land properly is an interesting puzzle. One idea is that the ability to jump, to escape predators, evolved when frogs lived permanently near the water’s edge. A leap to safety, therefore, was always into water and didn’t need an elegant landing.
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Did you know…?

There are plenty of colourful collective nouns for frogs and toads. Frogs can be an army, froggery, chorus, company, nod or a colony. For toads, the words knot, nest, knob, lump, croak or knab are commonly used. And for tadpoles, try cloud, school or – perhaps best of all – a wiggle.
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Not all frogs are expert acrobats. Some have evolved short stumpy legs to use for different purposes. A number, for example, don’t go for grand leaps but instead have back legs adapted for digging. More than 95 per cent of anurans that dig – such as Australia’s giant burrowing frog – use their muscular hind legs and feet to burrow into the soil. Only a few, such as the shovel-nosed frog of sub-Saharan African, plough through the ground head-first.

Other species hop, but in short bursts rather than one long leap. Certain species of ‘true toads’ – such as the cane toad or American toad – have been shown to employ a canny technique to cover large distances. Most frogs do big jumps, starting from a crouching position, and pause between landings. Researchers have noticed, however, that certain toads use a different technique – called a bounding gait – which involves less dramatic jumps in rapid succession, rather like the way a rabbit or a squirrel bounds across grass. This low-energy, sustained hopping – which allows the animal to retain velocity between leaps – helps it travel further, for longer, a strategy that facilitates wide-ranging foraging and the colonising of new areas.6

One species of frog doesn’t have much of a hop at all. The pebble toad lives high up on the moist, algae-covered mountains of Venezuela. If threatened by a predator, the toad doesn’t leap to safety but instead tucks into a tight ball and jettisons itself off the steep rocks. Clenched, the pebble toad’s body becomes so tight that it bounces, like a rubber ball, down the slope and lands with a soft thump. Scientists think the pebble toad is too small – at only 2 cm long – and lightweight to hurt itself in the process.
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Did you know…?

The smallest frog in the world was only recently discovered in Papua New Guinea. At just 7 mm long (less than a chocolate Smartie wide), the yet to be nicknamed Paedophryne amauensis pipped the previous holder of the title – the Brazilian gold frog – by just under 2 mm. By contrast, the world’s largest anuran is the aptly named Goliath frog, native to Cameroon and Equatorial Guinea in Africa. It’s a true colossus and regularly reaches sizes of 32 cm, not including its legs. The largest recorded Goliath frog ever found came in at just under 37 cm from snout to vent. With its legs stretched out, it nearly tipped a metre.
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A different but equally impressive method of moving about is employed by the gliding leaf frog of Central and South America. As a tree frog, it needs to move efficiently through the forest canopy. While it can slowly climb up branches and vines by grasping them hand over hand, like a sailor up rigging, it has a much quicker method of escaping predators or moving between trees in search of prey. Using its webbed fingers and toes, it gamely launches itself into fresh air and parachutes down. Travelling at an angle of around 45 degrees, it can use its webbed limbs to steer itself towards another tree or, if it’s mating season, down to the forest floor.

There are nearly four hundred species of ‘flying frogs’, all of which share similar characteristics that enable them to sail through the air. Oversized feet, extensive webbing between their toes, lighter bodies and flaps of loose skin along their limbs all help to create a winglike surface that slows their aerial descent. Frogs that parachute also use their back feet like rudders, gently altering their descent to avoid obstacles. These curious adaptations for gliding are also proving immensely informative for researchers who are modelling early dinosaur flight or ‘proto-flight’. Flying frogs, and other creatures such as flying squirrels and flying lizards, may offer us a glimpse of some of the techniques used by the first dinosaurs who took to the sky.

The natterjack toad, a native of the UK and Europe, doesn’t need to hop or glide as it’s such a swift mover on all four legs. With its distinctive gait, it has earned itself the nickname the ‘running toad’ and can move impressively quickly in intermittent sprints. Why natterjack toads race about on all fours, in short bursts, isn’t fully understood. While the strategy no doubt makes it easier to catch prey that moves equally quickly, researchers also believe the ability to dash in erratic spurts might be a useful way of confounding predators or finding shelter quickly if threatened.7

One of the most impressive jumping tricks is performed by the Southeast Asian skittering frog. In a leap that almost defies physics, the skittering frog can spring up out of the water from a floating position. In other words, it can leap upwards out of a pond without needing a solid base to start from. This is the equivalent of a human treading water then suddenly propelling themselves upwards like a dolphin, clear of the surface. In fact, the skittering frog is so good at its vertical leap that it can reach heights of half a metre above the water. This aquatic leaping frog’s superpower comes from its specially adapted feet.

Frogs, depending on where they live, have different kinds of feet. While tree or ‘arboreal frogs’ often have sticky, padded toes to help them climb and cling on, and ‘true toads’ often have strong finger-like toes perfect for digging, frogs that spend most of their time in water usually have webbed feet. Like a pair of swimmer’s flippers, webbing – especially on the back feet – helps a frog propel itself through its watery environment with speed and efficiency. The skittering frog is no exception but has much more expansive webbing than most. Rather than the usual flipper shape, the skittering frog’s back feet – when stretched out – are much larger and more circular in shape, like a ping-pong bat. When the skittering frog leaps from a floating position, it pulls its knees up to its tummy. It then thrusts its back legs downwards with the feet webbing fully extended, forcing the frog skywards. Indeed, the skittering frog’s webbed feet have such a wide surface area they can also skim or ‘skitter’ across the top of water, like a pebble – hence the name.
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Did you know…?

What decides whether an animal will have webbed feet or separate digits? Some frogs have webbed feet and some have ‘toes’ and ‘fingers’. Human babies also have paddle-like flippers in their first few weeks inside the uterus but, around week ten of pregnancy, lose this webbing and develop separate fingers and toes. Scientists have been trying to establish what lies behind this modification. New research suggests that levels of oxygen, in the developmental stage, are important. When mice embryos were exposed to unusually low oxygen levels, they were born with webbing between their toes.

The same happened when chickens’ eggs were incubated in a low-oxygen environment and hatched with webbed feet. When tadpoles were exposed to high oxygen levels, in contrast, they grew toes; in water with low oxygen levels, they developed webbed feet. What this means for evolutionary science isn’t clear but it’s interesting to see that a life lived out of the water, in oxygen-rich air, may have helped some animals ditch webbed limbs for wiggling digits.
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HOW TO HELP FROGS

Provide shelter

Many frog species, including the common frog and common toad, spend a good deal of time away from the water. After creating a pond, the second most important thing you can do to help anurans is create dark, secluded hiding places where they can rest and escape from predators. They can also use these bolt-holes as shelter from both the hot sun and cold weather. Over winter, many species also need a ‘hibernaculum’ – a space where they can hunker down until spring arrives.

You can buy specially designed frog or toad shelters but it’s easy to make one from a large, upturned terracotta plant pot. Create a doorway by slowly drilling a series of small holes, using a masonry bit, where you need the opening to go and carefully knocking it out with a hammer. Place the shelter in a shady spot in the garden on moist grass, leaves or soil – not on paving or hard-standing. Log stacks, leaf mounds, compost heaps and small piles of stones will also provide damp, shady spaces where frogs can avoid the harsh sunlight (see A garden for frogs).

You can also build an underground home or hibernaculum to protect frogs from the cold over autumn and winter. The principles of a hibernaculum are simple – it’s basically a large hole in the ground filled with logs, rubble and rocks, and then covered over with soil and turf. This creates lots of dark nooks and crannies for amphibians to sneak into.



	Choose a quiet, sheltered area. Dig a large hole, roughly 1 m x 1.5 m, and 50 cm deep. Keep any turf you’ve removed.

	Fill the hole with logs, rocks, bricks, broken flowerpots, tiles and branches, leaving lots of crawl gaps in between.

	Lay two or three short sections of drainpipe – horizontally – at ground level. One end of the pipe should finish outside the hole, one inside the hole. This allows amphibians to access the centre of the hibernaculum.

	Add more logs, rocks, bricks, broken flowerpots, tiles and branches, etc, to create a shallow mound that covers the drainpipes.

	Cover with soil and re-lay the old turf.









Chapter Three
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SKIN DEEP
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‘At Maldonado, I found [a toad] in a situation nearly as dry as at Bahia Blanca, and thinking to give it a great treat, carried it to a pool of water; not only was the little animal unable to swim, but I think without help it would soon have been drowned.’

CHARLES DARWIN,

A Naturalist’s Voyage Round the World,

1890

When Charles Darwin stumbled upon an unusual toad in the sand dunes of Uruguay, it confounded all his expectations. As he sailed around the world in HMS Beagle, Darwin met frogs and toads that lived in a surprising variety of habitats, some of which were completely different from those he’d observed in Europe. Now known as ‘Darwin’s toad’, this particular South American species lived in a landscape so parched it wasn’t designed for pond life. In fact, when Darwin tried to plop the toad in a watery pool it floundered around and began to sink. What Darwin soon realised, however, was that the frogs and toads he knew as a child bore little resemblance to the cosmopolitan species he encountered across the continents.

Moreover, frogs and toads have evolved incredible adaptations that allow them to survive in desiccated, freezing, sodden and searingly hot locations. Mammals, including humans, are warm-blooded creatures or ‘endotherms’. This means we can regulate our own body temperature, independent of our environment. We can stay warm when the weather is cold and cool when it heats up. Plenty of animals, however, including frogs, aren’t endotherms. They’re cold-blooded or ‘ectotherms’. Frogs can’t adjust their own body temperature and it changes depending on their surroundings. While frogs have found ways of raising or lowering their own body heat – such as basking in the sun or cooling off in an icy pool – when outside temperatures hit extremes, they employ different strategies.

During the coldest seasons, a frog will go into torpor (from the Latin word for numb) – a kind of suspended animation. In this state, the frog can conserve its energy by slowing down its metabolic rate, breathing and heart rate. Many frog species can ride out the winter in this prolonged ‘sleep’, surviving long periods where temperatures barely rise above freezing. To give themselves a better chance, they’ll also find a sheltered spot and burrow into the undergrowth, crawl into a rocky crevice or wait at the bottom of an oxygen-rich pond.

Frogs who live in regions that experience much more bitter temperatures than this, or have prolonged icy winters, have evolved a different and truly ingenious survival mechanism. Their bodies produce something called a ‘cryoprotectant’. A plant or animal’s cells are usually damaged when ice crystals form and then defrost. Certain species of frogs, and a number of other animals, have found a way to release sugars into their bloodstream; these act as an antifreeze and limit the formation of ice crystals in their bodies, allowing them to tolerate being almost fully frozen solid. The wood frog, a species native to North America and Canada, for example, comfortably copes with temperatures of -6°C. Populations of this species that live in Alaska, and the moor frog from Siberia, are even hardier, withstanding winter temperatures that plummet to -16°C – the same as the average household freezer.

The most astonishing feat of ice endurance, however, belongs to the Japanese tree frog. This small but incredibly resilient species survives temperatures down to -35°C, remaining frozen stiff for up to four months at a time. This makes it the most cold-resistant anuran species ever studied. (The overall prize in the frozen amphibian competition goes to the Siberian salamander, a creature unique in its cryopreservation at temperatures down to -55°C.8 Researchers have even reported incidents of Siberian salamanders being discovered frozen solid in the permafrost at depths of between 4 and 14 metres, only to defrost and scuttle off.)

At the other extreme, anurans living in punishingly hot climates must adapt using different techniques. Frogs have highly permeable skin – which means they lose water quickly. Those species that live in arid environments often spend much of their time underground, coming out only during the humid cover of darkness or during the rainy season. To keep cool, the Australian water-holding frog buries itself deep in the sand where the temperature is lower and more constant. As its name suggests, it also stores water in its bladder and in pockets under the skin, which the frog slowly diffuses into its body as needed. The frog also secretes a mucus membrane that hardens into a cocoon, creating an extra layer of water-retaining ‘tanking’. The water-holding frog is, in fact, so good at stockpiling liquid in its body that during prolonged and life-threatening dry spells, indigenous Australians would locate them and dig them up, gently squeezing the frog and drinking its water.

The desert rain frog, from the sandy western coastline of South Africa and Namibia, also burrows underground during long, arid seasons. It lives in the sand dunes, an unusual ecological niche for a frog, and rarely strays more than ten kilometres from the coastline. While this hot and desiccated stretch gets little in terms of rainfall, it does get sea fogs, which constantly roll in from the Atlantic. The desert rain frog absorbs any moisture it needs directly through its skin but has also evolved a smart strategy for its offspring. Instead of laying eggs, which go through an aquatic tadpole stage, the desert rain frog skips this step. Its small brood of eggs (usually only a couple of dozen) hatch directly into baby frogs or ‘froglets’, ready to hop directly into the big wide world (see Chapter 6, The glorious tadpole).

Many frogs are ‘slimy’ because their skin is covered in mucus. A frog’s skin loses water rapidly – a moist coating helps prevent the creature from drying out. But the mucus also performs another amazing feat. Frogs breathe like we do, through their lungs. But they can also breathe through their skin. The mucus coating helps oxygen pass through the frog’s dermal layer, an ability called ‘cutaneous respiration’ and an evolutionary trick that has allowed many amphibians to slide between aquatic and terrestrial environments.

Like many animals, frogs also regularly shed their skin, a process that ensures they always have strong, healthy new skin cells. How often this happens varies between species, with some sloughing off their skin every day, others every few weeks. Scientists have long wondered why anurans shed their skin with such regularity and, unlike other animals, lose their skin layer in one complete piece. New research suggests that the reason for this lies in the other major function of frog skin – to act as a physical barrier against pathogens and bacteria. A frog’s damp body is constantly covered in microbes that, if left unchecked, will cause the creature significant harm. Studies have shown that sloughing off the skin in one go is a brilliantly effective way of reducing the number of harmful bacteria on the frog, in some instances getting rid of pathogens entirely.9 Not only do frogs perform a complete moult but, unlike many other creatures who shed their skin, they also eat it. It’s a neat way of recycling all the nutrients present in the skin layer and probably has other positive benefits too. Eating the skin may help to cover a frog’s tracks, hiding any physical trace of their presence from predators. Eating contaminated skin, rather than the frog leaving it in its immediate environment, also probably reduces the opportunities for reinfection.
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Did you know…?

All frogs and toads develop lungs as they turn from tadpoles to adults. Apart from one. The now critically endangered Bornean flat-headed frog is thought to be the world’s only lungless frog. Instead of evolving lungs, this frog went for a different strategy – a very flat body shape with a large surface area. This helps the Bornean flat-headed frog absorb all the oxygen it needs from the rainforest streams where it lives.10 The water is cold, and fast-flowing, which gives it a high oxygen content. This, combined with the frog’s small body size, large surface area and slow metabolism, allows it to live life to the full without ever needing to gasp for air.
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One of the most intriguing features of frog skin is, in many species, its thrilling toxicity. What anurans lack in fighting prowess they more than make up for in chemical warfare. Frogs produce poisons from special glands on their body, to make them unpalatable to predators. While most aren’t harmful to humans, a number of frogs are astonishingly toxic, even deadly. The golden poison frog from Colombia, for instance, is considered the most poisonous animal on the planet. Just one thumb-sized frog has enough poison on its skin to kill ten people. The toxin acts so quickly – stopping the nervous system in its tracks – that death typically occurs within ten minutes.

However, for the Chocó Indians, who are native to the region, the poison frog has proved invaluable for the success of their hunting expeditions. The Chocó Indians use the frog’s poison to tip their blow darts. Golden poison frogs are captured from the forest and kept in baskets. To charge the end of the dart, the frog is held between two leaves and the tip is rubbed gently along its back. The frog is then allowed to go free and hop back into the forest. The Chocó Indians also utilise two additional species of poisonous frog, neither of which get away so lightly. The blacklegged poison dart frog and its cousin the kokoe poison dart frog are skewered on wooden sticks and cooked over a fire until their skin releases its frothy toxins. This lethal liquid is then rubbed onto the tips of the blow darts and allowed to dry.


[image: ]


[image: ]


Did you know…?

The phantasmal poison-arrow frog, from Ecuador, measures less than a centimetre in length but has a poison 200 times more potent than morphine. It secretes a powerful toxin – called epibatidine – which causes numbness and fatal paralysis. Keen to investigate its pain-killing effects, scientists tested epibatidine’s medical potential only to find that the natural world had created a substance so potent no one has yet found a way to make it safe for human use.11
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There’s a critical difference between being poisonous and venomous. While poisons work when you ingest them or touch them, venoms must be injected to be effective. For years, scientists believed frogs were only capable of being poisonous. And then, as happens so often with our understanding of the anuran world, a new discovery blew that theory sky high. Researchers working in Brazil discovered that the Greening’s frog has evolved a two-pronged defence system against attack. While the frog has highly toxic skin, like other species of poisonous anuran, it also has bony spikes on its upper lip that can penetrate the skin of a predator and deliver a venomous hit. The discovery was made when a scientist collecting anurans in Brazil was accidentally jabbed by a Greening’s frog. While the unfortunate academic spent hours in agony, the information he gained proved ground-breaking and showed Greening’s frog venom to be twice as potent as that of a pit viper. Further studies showed that another Brazilian frog, Bruno’s casque-headed frog, also has toxic prickles on its head and can deal an even deadlier blow, twenty-five times more toxic than a pit viper’s.12 Both frogs probably developed their venomous spikes to give them a chance of escape if they found themselves clamped in the mouth of the predator.

Frogs, however toxic, prefer not to get into that position in the first place. Many of the world’s most poisonous frogs are also brightly coloured or highly patterned, to let predators know just how unpalatable they are. This warning tactic is called ‘aposematism’ and is a way of signalling to potential predators to leave them well alone. As a general rule, the brighter and more eye-catching the frog, the more toxic it is. The blue poison frog from Brazil, for example, dazzles like a sapphire, with its colour chart hues of azure to royal blue, mottled with dark navy spots. As beautiful and alluring as it seems, however, its skin also contains a paralysing toxin.

Some interesting new research is also changing how we interpret the frog’s use of warning colouration, and suggests that vivid hues, crazy patterns or bright body parts may do more than just signal a warning. Standing out from the crowd, or what biologists call being ‘maximally conspicuous’, isn’t always a good strategy to avoid being eaten. However glittering your display, it still doesn’t deter a predator who has evolved a tolerance for your toxins. It also doesn’t prevent a creature who has never encountered a poisonous frog before from eating it. A new theory proposed by some biologists posits that many frog species might display a palette of colours that is highly conspicuous close-up but, viewed from a distance, works as camouflage. The dyeing dart frog, a native of the jungles of French Guiana, sports a bright yellow and black pattern across its body. Despite being very obvious at close quarters, its particular colours and patterns blend to form an effective camouflage if viewed from further away. This allows the frog to have the best of both worlds – invisibility at a distance and high, off-putting visibility at close range.13 The red-eyed tree frog deploys a similar technique, using its predominantly green colouration to hide itself away deep in the forests of Central and South America. If another creature gets too close, it flashes its large, bright-red eyes. Scientists believe the frog’s peepers are so startling to potential predators as to scare them off or buy the frog time to escape and live to tell the tale.

The most impressive camouflage of all belongs to the glass frog family. Native to Central and South America, glass frogs make themselves translucent to escape the attention of predators. During the day, when a glass frog wants to sleep, it can turn almost see-through, making it virtually invisible to predators. This trick is achieved by the frog hiding its red blood cells in its liver, while still allowing its clear plasma to circulate around the body. The frog’s liver also has a mirror-like surface, helping to conceal the red blood cells within. When the frog wakes up from its slumber, its red cells rejoin the plasma and start to flow around the body once more.14 How glass frogs hoard red blood cells in their livers without bringing about fatal blood clots is another mystery waiting to be revealed.

In fact, lots of different species of frogs have developed cunning ways of staying inconspicuous. The mossy frog owes its survival to its remarkable skin, which is covered in tiny green and brown spikes and bumps. This distinctive colouration and texture render the mossy frog almost totally invisible among the greenery-clumped rocks of its home – the mountain streams and flooded caves of north Vietnam. By contrast, the Solomon Island eyelash frog of the south-western Pacific spends much of its time on the forest floor. With its crisp outline, veined brown colouring, pointed snout and leaf-tip ‘eyelashes’, it is practically indistinguishable from the woodland litter it rustles among. Even our own common toad, a regular visitor to the suburban garden, uses camouflage to great effect. With its ‘army surplus’ skin of khaki, olives, greys and dark browns, it expertly blends into the log piles and hedgerow undergrowth of northern Europe.

In the US, the gray tree frog is one of just a few dozen anuran species that can dramatically change colour, like a chameleon. Its Latin name, Hyla versicolor, celebrates the frog’s ability to alter its skin hues depending on the ambient temperature, time of day or natural environment. A creature of the forest, the gray tree frog adjusts the colouration and patterns of its skin to blend into its arboreal surroundings. Switching between mottled greys, leafy greens and muddy browns, it cloaks itself into invisibility, appearing indistinguishable from a gnarly tree trunk, leaf branch or lichen-covered rock.

HOW TO HELP FROGS

A garden for frogs

With wild spaces coming under increasing pressure from development and fragmentation, domestic back gardens and communal parks are often a welcome refuge for amphibians and other wildlife. In return, frogs repay our hospitality by gobbling up quantities of garden pests such as slugs, snails and mosquitoes. Creating a frog-friendly plot or community garden is as much about how you maintain the space as it is about the species of plants you include.

LONG GRASS – Like many other species such as bees and hedgehogs, frogs find little to love about very short, mown grass. Leave plenty of areas with long, swishing grass – this will create a moist, shaded habitat for frogs. Mowing less often, and raising the height of the cut, also encourages other plants to thrive, which in turn attract a wider range of insects and prey for frogs.

AVOID CHEMICALS – Frogs’ permeable skin is particularly sensitive to toxic chemicals in the environment. Avoid using herbicides, fungicides and pesticides around your garden or near the pond. Ditch the slug pellets too – frogs can be harmed by eating slugs and snails that have ingested the poison.

PLANT DIVERSITY – Wildlife rarely enjoys a bland garden. A wide assortment of plants – in terms of species, size, density and flowering times – will attract a broader range of wildlife, including amphibians and the creatures they like to eat. Include plenty of low-growing, foliage-dense varieties that create their own moist shade at ground level.

CREATE CORRIDORS – Frogs quickly dehydrate out in the open, especially when the sun is shining. Create corridors of vegetation that allow them to move safely about the garden, connecting the pond to places where they’ll forage for food or hide from the weather.

LOVE MESS – Frogs and other wildlife prefer slightly dishevelled areas of a garden. Some of the most biodiverse places are compost heaps, leaf litter, log piles and rotting timber, and other garden debris. Create shelters around the garden or build a hibernaculum (see here).

TACKLE INVASIVE SPECIES – Plants that are beneficial to one ecosystem can wreak havoc in another. The UK’s common reed, for example, is a key part of Britain’s wetland ecology but in North America, as an introduced plant, it is harming native species including some amphibians. Aggressive mat-forming aquatic plants such as European frog-bit and floating pennywort can also severely disrupt the health of a pond and its inhabitants.





Chapter Four
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THE FROG CHORUS
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When European colonists settled in North America, they were sometimes startled by local varieties of familiar animals they knew from home. Few westerners had ever seen anything like the bullfrog, an enormous anuran native to the eastern states. They also couldn’t believe their ears. Writing about the sound of the bullfrog in the eighteenth century, the compiler of a scientific encyclopaedia, William Henry Hall, described it as a ‘monstrous roaring noise like a bull’ and ‘When many of them are together they make such a horrid noise, that two people cannot understand each other’s speech […] It seems as if they had a captain among them; for when he begins to croak, all the others follow; and when he stops, they all become silent […] in the night-time they may be heard at the distance of a mile and a half.’ 15

Hall wasn’t the first to describe the anuran call as a ‘croak’. The word has been in circulation for at least six hundred years, its origins no doubt onomatopoeic. And while some species do indeed croak, there are plenty of others that don’t. From screams to whistles, squeaks to snores, different frogs produce a magnificent cacophony of sounds both to attract mates and to warn off rivals. Some species, such as the splendid leaf frog from Costa Rica and Panama, can speak to each other verbally but also have the added trick of being able to ‘wave’ to each other across the forest by lifting one leg slowly at a time.

To make any sound at all, frogs breathe in and then close off their mouth and nostrils. The air from their lungs is then blown through their vocal cords, which vibrate and make a noise. The sound made by the vocal cords can be quite quiet, so many species of frogs also use vocal sacs to amplify the sound. When the vocal sacs, located in their cheek or throat, are inflated to their full stretch, they act as resonating chambers, vibrating to boost the sound and make it travel further. The duration of frog croaks varies dramatically. For some species, a blink-and-you-miss-it brief millisecond is all you hear, while others, like the Great Plains toad of America, display incredible vocal stamina. This species, which produces a sustained, burglar-alarm-like trill, can keep going for forty seconds or more. When Great Plains toads congregate en masse their shrill chorus is almost deafening, the sound carrying through the night air for up to two kilometres.

Some species produce extraordinarily odd sounds. Southern Australia has at least three contenders. The banjo frog, during mating season, produces a distinctive ‘tonk’, like someone plucking the strings of an instrument (which is why it’s also known by the equally enchanting name ‘pobblebonk frog’). Peron’s tree frog, a swamp and wetland dweller, makes a sound that can only be described as a rather creepy witch’s cackle. And the southern bell frog, one of Australia’s cannibalistic frogs, vocalises with a long growl that sounds uncannily like a creaking door or a drawn-out fart, depending on your take.

In North America, some species of frogs have calls that could be easily confused with other creatures. The eastern narrow-mouthed toad, for example, has a mating call that mimics a bleating lamb. The bird-voiced tree frog has the fast-paced, tinkling trill of a garden bird – a chaffinch, perhaps, or woodpecker – while the barking tree frog has the hollow yelp of a small dog. Some frog calls are wonderfully comical – the green tree frog, a native of Tennessee, has the croak of an old-time car horn, the kind of squeezy ‘honk-honk’ familiar from Laurel and Hardy films.
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Did you know…?

The desert rain frog has one of the most endearing calls of all anurans. At just 5 cm long, it’s also notably rotund, like a slightly flattened squash ball. When luring a mate or warning off other males, the desert rain frog puffs himself up and lets out a tiny high-pitched squeak, almost identical to a dog toy when you accidentally tread on it.
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Some frogs emit sounds that humans could never detect without specialist equipment. The highest frequency of ribbit goes to the concave-eared torrent frog, a species native to China. Its croak registers at around 128 kHz, a sound well above the 20 kHz limit of human hearing. A clue to the reason behind its high-pitched call lies in its name. The concave-eared torrent frog lives near fast-flowing streams and waterfalls, both of which produce a deafening low-frequency thrum. To be heard above the torrential background noise, the frog has cleverly evolved both an ultrasonic croak and super-thin eardrums to detect it.

Most frogs hear like humans do. Sound hits the eardrums on the sides of the head, making them vibrate and send signals to the brain. Some frogs, however, are so tiny they don’t have ‘normal’ ears. But that doesn’t mean they can’t hear. The fingernail-sized Gardiner’s frog, from the Seychelles, doesn’t have eardrums and was long assumed to be deaf. More recent studies have discovered that the diminutive anuran, which rarely grows to more than 1 cm in length, listens with a different part of its body. The species uses the bones in its mouth to amplify sound that it picks up from the air, which it then transmits to its inner ear. Other species of frog are equally inventive when it comes to listening. In some anurans, the lungs vibrate in response to sound, then broadcast the information to their inner ear. In fact, listening without a middle ear is relatively common – researchers estimate that around 6 per cent of all frogs hear perfectly well without them.

The purpose of all this croaking, ribbiting, squeaking and trilling is, of course, to find a mate. The caller is usually an amorous male, hoping to attract a female with his serenade. The louder and longer the call, the more likely the frog is to woo a partner. Quite why this is the case isn’t clear, but scientists suspect that female frogs link impressive vocal abilities with both physical and genetic strength. In some frog species, however, males display a brilliantly devious behaviour called ‘satelliting’. Male frogs sometimes hide, surreptitiously, near other loudly croaking competitors. When the female approaches, lured by the strong call of the resonant male, the satellite frog intercepts and steals a mating opportunity. For all its Machiavellian beauty, researchers aren’t quite sure why male frogs use this tactic. A clue may lie in the fact that, in the species that do display satellite behaviour, the males switch between being the deceiver and the deceived; one night a frog might decide to croak but on another he might try to keep quiet and steal a mate. Switching strategies like this suggests that satelliting behaviour might depend on how much energy the frog has to sing on any given day, how many other males are singing at the same time, and the risk of predation from other animals.

One species with a particularly loud and well-known call is Puerto Rico’s coquí frog, a petite tree frog with a larger-than-life voice. During the breeding season, choirs of males begin singing at sunset and continue their boisterous chorus throughout the night until daybreak. Their characteristic two-note call – ‘co-keeee’ – is thought to do two things. The ‘co’ note warns off other males, while the ‘keeee’ sound is intended to impress the female. Climate change, however, seems to be changing their crooning. A recent study,16 which compared the coquí frog’s calls of today with those a quarter of a century ago, found that warmer overall temperatures were causing the frog to sing at a higher pitch and over a shorter duration. What this means for the future of the species isn’t clear, but researchers worry that the less time the coquí frog spends singing his heart out, the less successful his mating attempts may be.
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Did you know…?

Almost all frog and toad species use some kind of vocal communication. Scientists, however, recently discovered a new-to-science species that is completely silent. The small Ukaguru spiny-throated reed frog, from Tanzania, doesn’t croak, ribbit or even peep at any frequency. Instead, researchers think males and females may talk to each other through touch, pheromones, or some other method of non-verbal communication.17
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For years, female frogs were considered mute, leaving all the singing to the males. An increasing number of studies, however, are uncovering anuran species where the females have a voice. The calls of these female frogs are sometimes quieter, thanks to the smaller size of their vocal cords, but are present nevertheless. So far, over fifty species of frogs have been found to have females who communicate vocally. Why they ‘speak’ is even more fascinating. While some are using the language of love to attract a male, others are making ‘get off me’ calls when they are grabbled by an undesirable male. Some female frogs have also been recorded making aggressive territorial vocalisations to other frogs of the same species.

One species is particularly interesting when it comes to the mating game and gender role reversal. The smooth guardian frog from Borneo exhibits behaviours that challenge much of what we think we know about frog reproduction and sex roles. During the frantic mating season, it’s the female frog who calls loudly and frequently to the male. And, unlike most frog courtships, it’s often the females who group around a single male, each hoping to win his attention with their winsome warbling. After mating is over, the role reversal continues, and it’s the male who stays behind to guard the eggs as they grow into tadpoles, which he then carries on his back to find water.

As time goes on, we’ve learned more about the complexities of frog communication. Remember the concave-eared torrent frog, who lives by thunderous waterfalls in China? A Brazilian species of the same frog – Hylodes japi – has been shown to make an intriguing range of calls, to perform flirtatious body movements and to send other signals as part of the mating ritual. In the hope of securing a partner, male frogs have been observed calling out and deliberately puffing up their vocal sacs to attract attention. Males can even choose which of their two vocal sacs they’ll inflate to impress. To add to the allure, the frogs also wave their legs, bob their heads, shake their feet and ‘hands’ and wiggle their toes. If this tempting routine works its magic, a female gently touches the male with her foot as a sign of her approval, a behaviour that’s never been seen in frogs before.18 Such a multifaceted approach to mating makes sense for a frog that lives in a noisy environment and breeds in the daytime, making visual cues all the more important.
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Did you know…?

During the mating season, lots of different species of frogs can be talking loudly at the same time. As at a busy cocktail party, it can be difficult to distinguish one voice from another. Scientists have long wondered how frogs listen out for their potential mates among all the ribbits and croaks from other species. New research suggests that, among green tree frogs at least, frogs use their lungs to filter out extraneous noise. In the mêlée of the mating chorus, female green tree frogs inflate their lungs. Like noise-cancelling headphones, this causes a reduction in the sensitivity of the frog’s eardrums, allowing them to hear only calls of a specific frequency from their potential male partners.19
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HOW TO HELP FROGS

Sign up for citizen science

Get stuck into projects that actively record, monitor and raise awareness of frogs. There are dozens of initiatives around the world that are desperate for volunteers to collect amphibian data. Not only are you helping to build a clearer scientific picture but accurate data also allows organisations to raise awareness, challenge public perceptions and help conserve species.

Citizen science projects can produce huge datasets that would otherwise be too expensive or time-consuming for researchers to collect. Australia’s FrogID project, for example, is collecting a nationwide database of frog calls. Around the country, people are recording frog calls with the FrogID app on their phones, which are then used to identify species. Each recording is time-stamped, dated and geo-referenced, giving scientists invaluable data on the numbers and distribution of various species. FrogWatch USA runs a similar scheme. In the UK, a different initiative called ‘Nature’s Calendar’, run by the Woodland Trust, has been asking participants to record key moments in the wildlife year to see what effect climate change is having on the seasons. Sending in sightings of both frogspawn and tadpoles helps scientists monitor what’s really happening on the ground.

See Directory, for more information.
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Chapter Five
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SEX AND SPAWNING
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‘They are bred out of egges, and rotten stuff;

and out of buried ashes; and […] from the drops

falling from slaves right hands, as they water the

floor, and from a duck buried; and from menstrue,

we read of womans voiding toads.’

JOHN JONSTON,

A Description of the Nature of Four-Footed Beasts,

1657

Polish scholar John Jonston’s description of how toads reproduce has to be one of the oddest in natural science. For a Cambridge-educated botanist and physician, his explanation relied on a bizarre blend of guesswork and fevered fantasy. In his Description of the Nature of Four-Footed Beasts, Jonston failed to expand on how exactly a slave’s hand or woman’s menstruation produced a toad, but few seventeenth-century medical men let scientific accuracy or clinical observation get in the way of their theories. If Jonston had simply spent a little time next to the nearest millpond during a few weeks in spring, he’d have seen exactly how anurans mate. And, as we all now agree, there are definitely no dead ducks involved.

Frog species have developed two very different reproductive strategies, called ‘explosive’ and ‘prolonged’ breeding. Frogs that practise explosive breeding, which sounds more alarming than it is, come together to mate for just a very short period in the year, usually less than two weeks and often only for a day or two. This rapid and feverish race to reproduce involves frogs congregating in huge numbers in ponds or temporary pools, scrambling for a partner and then dispersing. In explosive breeding, the ratio of males to females can often be wildly different – sometimes as many as ten times more males than females in one pond – with male-to-male competition often resulting in tussles and bad-tempered attempts to steal females mid-act.

On the African savannah, for example, the giant bullfrog truly fights for the right to reproduce. During the rainy season, the males congregate in seasonal shallow pools and battle for the opportunity to mate with a lone female. Like WWE wrestlers, they fly at each other with great force, headbutting, smashing chest to chest, and slam-dunking each other into the water. For all its ringside showmanship, however, the danger of the skirmish is real enough. And while the victor will win his chance to mate, the loser is often lucky to escape with his life.

Research also suggests that under certain circumstances, especially environmental stress, accidental mating takes place between different species, producing hybrid, less healthy offspring. The plains spadefoot toad of south-western America, for example, is known to mate with the Mexican spadefoot even though the resulting offspring are often less fertile or even sterile. Scientists believe this ‘love the one you’re with’ tactic is a last resort when the shared breeding grounds of both toads are more shallow than usual and therefore more likely to dry out before either species can find a mate and breed with their own kind.20 This compromised breeding strategy has also been seen among two species of European toad – the common toad and the green toad – both of which live across central and southern Europe. Research suggests that, thanks to habitat destruction and climate change, which is pushing both species into closer contact, the toads are more likely to interbreed despite the resulting tadpoles being malformed. It’s a stark warning to environmentalists that two species, which separated around 20 million years ago, are resorting to such behaviour in the race to survive.21
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Did you know…?

The breeding seasons of frogs are triggered by changes in their hormone levels but, as yet, we don’t fully understand how this works. Scientists suspect that these hormonal changes are sparked by environmental factors – such as day length, temperature, rainfall, the appearance of a particularly important seasonal food source, or barometric pressure. In Britain, for example, male common toads become excited and begin croaking for mates when the outside temperature reaches a certain point. While common toads in the south of England need an ambient temperature of around 7.5°C to become sexually active, northern toads of the same species are raring to go at a much chillier 3.5°C.
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Indeed, the success of explosive breeding is often contingent on the climate and weather, occurring either after a period of rainfall or, in temperate zones, with the arrival of warmer conditions in the spring. Some explosive breeders, including the European common frog and common toad, show an uncanny ability to return to the same pond every year to breed, a behaviour called ‘site fidelity’. While the common frog rarely travels further than five hundred metres from the pool where it was a tadpole, making the journey to mate a short one, the common toad will make an impressive pilgrimage of up to five kilometres to come back home.

No one is quite sure, however, how frogs locate and return to their family ponds with such reliability. It was long assumed that European common frogs, for example, were drawn back by the scent of their home pond. Studies show, however, that common frogs attempt to return to pools that have long been filled in or dried up, suggesting that different mechanisms are in play. Recent research into the behaviour of frogs and other amphibians indicates that they might draw on a number of senses to find their way home, including hearing, smell and sight, as well as external cues from the night sky and the earth’s geomagnetic field. Some frogs may rely on one of these methods, others cross-reference a number of different cues.

Males and females of the same species may even pay attention and follow different signals to make it back to the ancestral pond. Take the natterjack toad, for example, a native of Britain and Europe. Males often seek out their ponds using visual clues. If a male has strayed a long distance away, however, he can also follow geomagnetic cues to guide him safely back. When the male finally reaches his pond, he’ll then strike up a song. Females in the vicinity can follow the male’s croaks, using this auditory cue to find their way home.
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Did you know…?

Some amphibians also seem to listen out for the calls of other species to lead them in the right direction. The European palmate newt and the crested newt both listen out for the sonorous tones of the common toad to lead them back to their breeding ponds. When researchers tried the same trick with the calls of the common frog, however, the newts were nonplussed and failed to recognise them, probably because their breeding seasons don’t traditionally overlap.22
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The alternative reproductive strategy employed by frogs is ‘prolonged breeding’. Some species that inhabit regions that are hot and humid all year round, such as the tropics and subtropics, space out their breeding sessions at regular intervals during the year. While explosive breeding tends to result in an unseemly scramble, males of prolonged breeding species often use a different approach. They call from a stationary position, usually their own patch of territory, and prefer to keep a distance from other males. And, rather than attempt to play the ‘numbers game’ by grasping at as many females as possible, the prolonged breeder often waits for a mate to approach him. That doesn’t mean a prolonged breeding male won’t attempt to woo more than one female; he’ll just do it methodically, one at a time.

In most species of frog, the female’s eggs are fertilised externally. The male and female frog need to be in close contact so he can fertilise the eggs as she releases them. During mating, in many species of frogs, the male climbs on top of the female and ‘piggybacks’, holding her close to his body with his forearms. This is called amplexus, a tight embrace that coordinates the sperm being released onto the eggs. To help him hold on, a male often grows temporary ‘nuptial pads’ on his thumbs and forearms. Triggered by hormones, these super-grippy swellings help the male suitor cling on until the mating is complete.

The number of eggs laid by a female frog can vary hugely. While some species release just a handful, others lay thousands upon thousands. The enormous cane toad, for example, can lay up to 25,000 eggs in one clutch, while some species of poison dart frog will pin all their hopes on a tight brood of fewer than five. Both the European common frog and the common toad lay similar amounts of eggs – between a few hundred and a few thousand – but in easily distinguishable spawn. While the common frog leaves a gloriously jelly-like wobbly clump, the common toad’s eggs are laid in a string, delicately draped around a pond’s vegetation.

The common rain frog of South Africa, however, has some inherent design flaws when it comes to mating. Both sexes have plump, round bodies and very short limbs, making it tricky for the male to grasp on to his mate. The male is also dramatically smaller than the female, resulting in mating attempts that can look like a marble trying to balance on a tangerine. But nature is ingenious. Researchers have recently discovered that both sexes produce a sticky glue that bonds them together. The male secretes gum on his chest and arms, while the female makes her back sticky, allowing both to maintain amplexus for up to three days or enough time for the eggs to be fertilised. After that, the ‘love glue’ loses its adhesive quality and the pair unpeel to go their separate ways.23

In explosive breeding species, males can behave aggressively and attempt to physically separate other couples already engaged in amplexus. While in most cases the females aren’t harmed, in one extraordinary species the females are often killed in the process. When Rhinella proboscidea, a tiny Amazonian frog named after its long nose, engages in explosive mating, the sheer volume of males attempting to pile on a single female can result in her being suffocated. Her death, however, doesn’t seem to stop the orgy. If a male can successfully grab the deceased female and grapple her into the amplexus position, he’ll use his limbs to repeatedly squeeze her body, pumping out the eggs so he can fertilise them. It’s a grim reproductive strategy but nevertheless effective. And until more instances are observed in the wild, Rhinella proboscidea is the only known creature on the planet to engage in what scientists call ‘functional necrophilia’.

While sleeping with the dead seems to be limited to one species, something called ‘misdirected amplexus’ isn’t that unusual. In the rush and confusion of explosive breeding, male frogs can often end up attempting to couple with other males, different creatures, or even inanimate items. In a brilliantly titled research paper called ‘Finding love in a hopeless place’, scientists attempted to catalogue all the known instances of frogs attempting to mate with unusual things. The paper, which focused on nearly four hundred cases of explosive breeding observed and recorded worldwide, embraced more than fifty examples of frogs trying to reproduce with inert objects. These included a tennis ball, yak faeces, a coconut and an old boot.24 While the paper made for eye-opening and, at times, amusing reading, it also noted that each failed encounter costs the frog dearly, in terms of both energy and reproductive success. It also seems that in a natural world increasingly compromised by human activity and disturbance, befuddled frogs’ attempts at sex are becoming progressively hit and miss.

Some species of frog, however, are adjusting their mating rituals to accommodate urban life. In Panama City, túngara frogs – which normally inhabit tropical forests – have taken up residence in the ditches and drains of built-up neighbourhoods. Because their night-time croaks must compete with the man-made noise of city life, these miniscule anurans put on a more impressive show to find a mate. Male túngara frogs are not only turning up the volume of their seductive calls but also adding new flourishes to their routine. The normal, forest-dwelling túngara frog call is described as a ‘single whine’, but frogs in the city are adding vocal bursts to create a more complex tune. Scientists believe this vocal virtuosity and amplification isn’t simply a result of it having to compete with human noise. Away from the forest, the city frog has fewer predators to contend with, especially those that are drawn to the sound of its call. In the wild, the male túngara frog has to balance calling for a mate with the danger of attracting attention to himself.25 In the nature-deprived city landscape, he can let loose and sing as if no one was listening. Whether anyone can hear him is a different matter.

HOW TO HELP FROGS

Join the toad patrol

Toads are particularly vulnerable to road accidents. While the common frog rarely travels further than a few hundred metres from its home pond, the common toad (and many other species worldwide) will spend most of the year up to five kilometres away. During spring, when the toad makes its annual pilgrimage back to its pool, it is often forced to cross busy roads to reach its destination. And while a frog’s instinctive response to danger is to leap out of the way, a toad will often freeze or crouch, making it much more likely to be injured or killed by a vehicle.

A growing number of volunteers gather every spring to become ‘toad patrollers’. Over the course of a two- or three-week period in spring, usually following a rainy spell, volunteers head out at dusk, armed with a bucket, torch and gloves. Toads often cross highways in large numbers, at very specific locations, so toad patrollers spend the evening collecting them (and other amphibians) from one side of the road and carrying them across to safety. Far from rescuing the odd anuran, toad patrols are saving the lives of tens of thousands of toads every year.

See Directory, to find a toad patrol near you.
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Chapter Six
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THE GLORIOUS TADPOLE
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‘I have observed their Spawn on the Bottom of Waters in a Pond, when the Water was drawn out; and it appeared in a Chain, like what they used to call Knit-knots, or as black Silk tied in Knots, about the Bigness of a Blanket-pin’s Head, and half the Diameter, one from the other, with a transparent Body, glutinized together. [Frogs], their Spawn is of another shape, yet has the same black Specks in it; is in Globules, as big as small Currans; and grows in Clusters, joined together like Grapes, but swells larger.’

WILLIAM ELLIS,

‘Agriculture Improved’,

1746

Few have described frog and toad spawn so wonderfully visually as William Ellis, an eighteenth-century writer and farming expert who closely – and often affectionately – observed the natural world around him. His comparison of frogspawn to dried raisins that have swollen into grapes, and description of toads’ eggs as resembling knots of black silk, are both delightfully poetic and completely familiar to anyone who has stood over a pond and stared into the muddy shallows. There aren’t many natural events as memorable or odd as the slow transformation of tadpoles into adult anurans.

The journey from egg to adult, however, is both fascinating and fraught with danger. Each species of frog develops in a slightly different way, and at different speeds, but all go through a radical metamorphosis. How long a tadpole will take to change into a frog depends on the species but also on the availability of food and environmental conditions. In many habitats, ponds and streams appear only after rainfall and dry up again in a matter of a few weeks. American spadefoot toads have mastered the art of rapid metamorphosis in response, developing from tadpole to frog in a record-breaking fortnight. Most species, however, take around two to four months.

The European common frog, for example, takes about sixteen weeks to progress from egg to young frog or ‘froglet’. As we have already seen, the female lays her eggs and the male fertilises them externally. From then on, the young are on their own. As soon as the eggs are in the pond or puddle, the jelly-like layer that surrounds them begins to swell up with water. This soft, protective cushion will provide everything the embryo needs for the next two weeks or so. During that fortnight, the embryo develops from a tiny dot to an elongated comma before wriggling its way out of its gelatinous blob.

From this point forward, the tadpole has around three months to completely transform from a fully aquatic creature to a terrestrial one. Its mouth and jaw change shape, allowing the tadpole to switch from a diet of algae to an omnivorous (and eventually carnivorous) one, a radical shift that also requires a complete remodelling of its intestines. The tadpole also grows back legs, then front ones, and begins the process of reabsorbing its long tail. The frog’s body will shift from soft cartilaginous tissue to one with a bony skull, vertebrae and limb-bones. Even the way the tadpole breathes alters entirely, as it switches from aquatic gills to lungs and moist breathable skin. In the last few weeks of the tadpole’s transformation, a tiny residual tail remains, even as the tadpole begins to explore life on land. Only when the last vestiges of its tail are reabsorbed, however, is a frog truly a frog.
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Did you know…?

A young frog is called a ‘froglet’, but the definition isn’t clear-cut. Some people call a tadpole that has four fully developed legs, but still retains a small tail, a froglet. Others use the term to describe a young frog yet to reach adulthood. The common frog, for example, takes two to three years to grow to its full size. It also won’t be able to breed until it’s fully grown.
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In the water, plenty of dangers lurk for the developing tadpole. The reason most frogs lay so many eggs is that most of its offspring won’t make it. Environmental conditions can change, drying up a pond or freezing it solid. Plenty of creatures happily feast on tadpoles too. From birds to freshwater fish, predatory insects to other amphibians, up to 90 per cent of all common frog tadpoles will be eaten before they reach full metamorphosis. Tadpoles are also known to eat each other, although new research suggests this is usually only when competition is particularly stiff or normal food sources are depleted.26 Of the 10 per cent of tadpoles who make it out of the water onto land, as froglets, most of those will also perish or be eaten in the first year. Young frogs are easy prey and, in Britain alone, are predated by many animals including corvids, grass snakes, badgers, foxes and even hedgehogs. Many frogs are also killed every year on busy roads and in gardens. With such a gauntlet to run, the chances of a frog making it all the way from egg to adult frog are thought to be about 1 in 1,000.

Not all frogs lay their eggs in pools of water. While roughly half of all species have a life cycle that starts with aquatic eggs, which then hatch into tadpoles, the other 50 per cent of frogs raise their young in wonderfully idiosyncratic ways. Several species of frog, for example, build nests of bubbles. To create a home of foam, a frog – usually the female – releases a liquid from its behind, which it then whisks into a froth using its back legs. This foam slowly develops a hard, meringue-like outer layer, keeping the eggs inside moist so they can develop into tadpoles. It’s an evolutionary strategy that allows frogs to thrive and reproduce in parts of the world where pools and ponds are either rare or very transient. These incredible, whipped egg-white nests are usually found floating on temporary pools, buried underground, or left on plants that overhang water.

The grey foam-nest tree frog from southern Africa lays her bubbly brood on branches that reach out over shallow pools, allowing the tadpoles to drop down into the water when they’re ready. The Caribbean and Central American túngara frog, on the other hand, quickly whips up bubbles for its eggs on the edges of temporary puddles formed during the rainy season. One of the most remarkable of all foam-nest frogs, however, is the vampire flying frog, a creature only found in the cloud forests of Vietnam. It gets its blood-sucking name not from the appearance of the adult frog but from that of the tadpole, which has two curved black fangs sticking out of its mouth. Fanged tadpoles were unheard of until the discovery of this new species in 2008 and researchers are still uncertain what the tooth-like hooks are actually for. Highly specialised mouthparts in other species of tadpole are often linked to diet. Most tadpoles have fleshy suckers for mouths, designed for vacuuming up algae. The vampire flying tadpole, on the other hand, eats unfertilised eggs that the mother deliberately lays to feed her offspring, a food source that may explain its pickle-fork mouth.

Some frogs skip the tadpole stage altogether. There are thought to be around five hundred species that have plumped for the straight-to-frog or ‘direct development’ option. These include the coquí frog and the desert rain frog, whose eggs hatch directly into tiny froglets. Why some species of frogs have evolved to bypass the aquatic tadpole stage isn’t fully understood, but, as with foam-nesters, frogs that live in parts of the world with unreliable rainfall or few areas of standing water have had to come up with their own recipes for reproductive success.
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Did you know…?

Some tadpoles never grow up. Scientists have recorded certain frog species – including the African clawed frog and the European edible frog – where a tadpole has failed to go through metamorphosis and instead carried on developing into a giant tadpole. This condition, neoteny, which is caused by a hormonal deficiency, produces tadpoles that can live for years and grow huge in relation to their younger siblings.27 The biggest neoteny tadpole found to date was discovered by a team of ecologists in a pond in the Arizona mountains of North America. The bullfrog tadpole is a large individual under normal circumstances, regularly reaching 10 or 12 cm in length. The specimen found by the Arizona team, however, reached a gargantuan 26 cm in length and had a head circumference of a soft drink can.
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For tiny frogs, who only need a small amount of water in which to raise their offspring, certain plants have proved surprisingly useful. Bromeliads are a diverse and deeply exotic family of tropical flora that include species such as the pineapple. Many bromeliads are ‘epiphytes’, plants that live attached to other plants and grow high up in rainforest canopies. They also have striking rosettes of pointed leaves and bracts that form a ‘vase’ shape, which collect and hold water when it rains. Around a hundred species of frogs rely on bromeliads for shelter, a place to breed, and as watery nurseries to raise tadpoles. The strawberry poison frog, a native to Central America, is just one of these bromeliad breeders. After mating, the female strawberry poison frog lays a small number of eggs on a leaf, usually five or less. After about ten days, the eggs hatch and she will encourage one of the tadpoles to climb on her back. The female then carries her newly wriggling offspring high up into the trees and drops the tadpole in its very own bromeliad pool. She’ll return to the rest of the brood and repeat this arduous task until each of her tadpoles is in its own little tank of water. Unlike many species of frog, which have very little to do with their eggs or tadpoles after they’re laid, the female strawberry poison frog also keeps on feeding her young. Slowly and methodically, she’ll keep visiting each of her offspring in turn every few days, depositing a parcel of food into each pool in the form of an unfertilised egg. Eventually, each of the tadpoles will grow into a froglet and leap out of its bromeliad home, ready for life among the trees.
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Did you know…?

The relationship between frog and bromeliad goes two ways. While the plant offers the frog a safe, watery space to live and breed, new research suggests that the bromeliad gets something in return. Studies of a Brazilian species, Hay’s snouted tree frog, show that nitrogen in the creature’s faeces, which are left behind in the pools of bromeliad water, make an important contribution to the plant’s nutrition.28
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Darwin’s frogs have a truly unique way of raising their offspring. After the female has laid her eggs on the moist ground, and the male has fertilised them, he then gobbles them up. The eggs don’t get digested, however, but stay in the male frog’s throat pouch, where the embryos develop into tadpoles in complete safety. The eggs’ coating provides enough food for the developing brood, and they spend around six weeks metamorphosing in their father’s mouth before jumping out as fully formed but tiny frogs.

Raising young in one’s mouth is a spectacular feat, but nothing beats the sheer oddity of the South American common Surinam toad, a frog that produces babies from its skin. The male and female mate underwater and the fertilised eggs are then carefully collected up by the male and placed on the female’s flattened back. The mother’s skin is miraculous and covered in tiny holes. The eggs quickly embed themselves in the female’s honeycomb-like skin and become implanted under the surface. From then on, the eggs develop as normal – embryo to tadpole and finally to frog. After three or four months, the Surinam toad’s wriggling skin finally bursts into life, spilling out handfuls of minute but perfectly formed froglets. While the mother sheds her skin ready for the next breeding cycle, the little anurans must leave their strange dermal nest and swim out into the water alone.
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Did you know…?

A remarkable species of tree frog from South America, known as the shrinking frog or paradoxical frog, actually gets smaller as it turns from a tadpole into an adult. What starts life as an enormous tadpole – up to 27 cm long – during metamorphosis shrinks to a quarter of its original size, turning from the world’s longest tadpole into an ordinary-sized frog.
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HOW TO HELP FROGS

Keep cats indoors at night

Cats are rapacious hunters and will catch, play with and kill frogs. A study of British wildlife brought home by domestic felines estimated that the country’s approximately 9 million cats caught around 92 million creatures over a five-month period including 57 million mammals, 27 million garden birds and 5 million amphibians and reptiles.29

Cats are only following their natural instincts so the best way to keep felines and anurans apart is to keep pets indoors from dusk until dawn. Many frogs and toads are either nocturnal or crepuscular (active at twilight), so are less likely to cross paths with domestic cats during the day. Anuran secretions can also range from the mildly toxic to downright dangerous to pets, so keeping frogs and cats apart is in everyone’s interest. You can also make sure your garden has plenty of hiding spaces for amphibians (see here), out of the reach of clawed paws.





Chapter Seven
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THE FROG MENU
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Frogs are voracious, opportunistic predators and will eat a wide range of other animals. The common frog, for example, will greedily consume slugs and snails, worms, woodlice and ants, as well as snatching flies and moths, mid-flight, with its lightning-quick tongue. Across the globe, the diet of frogs is incredibly varied and, on occasion, ambitious. While many species will attempt to catch large bugs and beetles, fish, and small mammals such as mice, some of the larger species will even tackle snakes, birds, bats and rats.

Frogs swallow their prey whole and are what is known as ‘gape-limited’ predators; in other words, the width of their head is a good clue as to what kind of prey they’ll tackle. Individuals in one entire genus – South American horned frogs – have such wide mouths and skulls, relative to their body size, they’ve earned themselves the nickname ‘Pac-Man’ frogs, after the well-known computer game. This allows them to eat reptiles, other amphibians, birds and small mammals with relative ease.

A detailed study of one ‘Pac-Man’ species, the Pacific horned frog, a native to Peru and Ecuador, demonstrated that it had a fascinating and size-diverse diet, from snakes and tree frogs to tiny centipedes, gastropods and ants. Pacific horned frogs were also seen eating younger frogs of the same species.30 Cannibalism among frogs, although infrequent, isn’t that unusual. Eating members of your own family as a survival strategy seems counterintuitive but does have its benefits. If a particular breeding season has produced a glut of frogs, or sources of prey food are scarce, having your sibling for dinner suddenly becomes a rational and pragmatic choice. Not only does it give you a decent meal, full of protein, it also removes competition for food and potential mates from the pool.

It’s more common, however, for frogs to prey on other species of frogs. How often this happens depends on several factors. The frequency of frog-eating, or anuraphagy, varies widely across different environments and three circumstances seem to affect greatly the likelihood of it happening. Invasive species are much more inclined to eat other frogs. African clawed frogs, for example, are native to east and southern Africa. Thanks to the pet trade and the release of captive frogs from animal laboratories, African clawed frogs are now unfortunately classed as a pest in many parts of the world including the US, Europe, South America and the UK, where they often eat native frogs from local populations. In fact, non-native frogs are about 50 per cent more likely to dine out on fellow anurans if they’re moved to a new, unfamiliar habitat. Furthermore, and unsurprisingly perhaps, larger frogs are more likely to engage in anuraphagy and there’s a direct correlation between body size and frog-eating behaviour. Basically, big frogs eat little frogs. Environments that have lots of different species of frog in one place are also more likely to see frog-eating incidents. In contrast, in places that have just a few species, frogs seem to leave each other off the menu.31
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Did you know…?

Frogs love to defy categories. While almost all adult frogs are classed as carnivores, Izecksohn’s Brazilian tree frog includes in its diet a wide range of fruits, seeds and flowers. It’s particularly fond of the nectar of the milk fruit tree, which it slurps by dunking itself head-first into the creamy-coloured flowers. When the frog pulls its head out after a drink, it’s often covered in pollen grains, which it then passes from flower to flower in the forest. Many species of animals can act as flower pollinators, including insects, birds and bats, but Izecksohn’s Brazilian tree frog is currently the only pollinating amphibian known to science.32

[image: ]




Frogs use their tongues to capture their prey. Like a ringmaster’s whip, the frog lashes out towards the prey, grabs it, and returns it to its mouth faster than the human eye can blink. Not only can a frog’s tongue capture a moving target, such as a fly, but many species are also strong enough to snatch prey weighing more than their own body weight. The frog’s tongue is also incredibly sticky when it needs to be – in the moment of capture – but not so adhesive that the frog can’t remove the prey once it reaches its mouth. How frogs do this was, until recently, a scientific conundrum.

An exceptional piece of recent research, however, revealed what was going on. And it surprised everyone. It turns out that the frog’s tongue does a number of extraordinary things. First, the frog’s tongue is made from one of the softest biological materials known to science, allowing it to wrap around the prey the moment it touches it. The sheer force of the tongue hitting the prey at high speed and yanking it backwards should, in theory, smash the prey into pieces or send it ricocheting away. The tongue, however, acts like a tiny shock absorber, dampening down the forces and allowing the prey to be pulled back intact. The tongue is also coated with a layer of remarkable saliva, whose stickiness and viscosity changes like a non-Newtonian fluid * and is at its most adhesive the moment the tongue is retracting while holding the prey.33

Frogs close one or both eyes when they swallow their prey. They also pull their eyes back down into their head, an action known as ‘retraction’. It was long suspected that a frog did this to help force food down its oesophagus, but it was only in 2004 that scientists actually tested this hypothesis. Using the northern leopard frog as the subject, the experiment observed the frogs as they devoured crickets. Cineradiography (moving X-rays) allowed researchers to look deep inside the frogs’ heads as they swallowed their food. The footage showed that a frog’s eyes, and the associated musculature, retracted deep into the frog’s head. This action appeared to help push the prey towards the frog’s gullet. A surgical procedure was then carried out on certain frogs in the experiment so that they could no longer retract their eyes but could still swallow; the frogs operated on took four gulps instead of two to guzzle down a cricket.34 So the frog’s eyes, at least in part, help the frog push its dinner down its throat.
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Did you know…?

Frogs tend to have one simple rule: catch and eat creatures that are smaller than them and avoid ones that are bigger. One carnivorous species of beetle, however, uses this tenet to their own advantage. The Epomis beetle, from the Middle East, has become a master of killing and devouring frogs. Larvae of this daring species lure the frog by waving their antennae in a ‘come-eat-me’ yoo-hoo. The frog then approaches a larva, ready to lash out with its tongue, only to find that the larva is too quick and instead has attached itself to the frog’s face or throat. Holding on with its tenacious jaws, the parasitic insect then slowly and horribly eats the frog alive.35
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Frogs sometimes eat things that disagree with them. Unlike humans, however, frogs can’t vomit. Many species, therefore, have evolved a remarkable technique to deal with poor food choices. They perform the gastric equivalent of tipping out their pockets and do something called a ‘stomach eversion’. The frog forces the entire stomach out of their mouth, turning it inside out and dumping its contents. To make sure everything’s removed, the frog may also use its forearm to wipe away any remnants, a sweep called ‘gastric grooming’. It then rapidly re-swallows its organs and carries on. Some species of sharks can do the same trick.

The things that give a frog a poorly tummy, however, may not be what you’d expect. Scientists believe that poison dart frogs actually gain their toxic superpowers from their diet. Nearly five hundred different irritating compounds have been found in the skin of poison dart frogs, many of which seem to come directly from their insect-rich diet. It used to be thought that these death-dealing anurans produced their own toxins, but frogs reared in captivity, on a bland diet of crickets and other harmless insects, soon lose their noxiousness. Herpetologists have worked hard to try and identify which insects in the wild give poison dart frogs their potency. While some of the compounds are thought to come from ants, mites, millipedes and beetles,36 researchers believe there are other insects, as yet unidentified, that help the frog load up with deadly chemicals.
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HOW TO HELP FROGS

Conservation evidence

The challenges facing frogs are numerous. And complex. One of the most illuminating resources available to anyone interested in protecting biodiversity, using scientifically rigorous studies, is an online initiative called Conservation Evidence, based at the University of Cambridge. Global in its resources but local in its potential application, it brings together the latest research on how best to tackle environmental problems and which conservation strategies actually work.

It’s a fascinating and useful resource not only for anyone with a particular passion for frogs but also for landowners, farmers, local government, conservation bodies, developers, town planners and other people whose decisions affect frogs’ lives and their habitats. From pond creation and wetland restoration to frog-friendly kerbs and road drains, and from maintenance of farmland ditches to woodland management, the website analyses the success of different projects based on numerous worldwide studies. It’s also a powerful tool for anyone keen to add weight to a proposal for conservation funding.



* Many liquids, such as water, are Newtonian. They have a constant viscosity and flow, which only changes if there is a change in temperature or pressure. Stress or force doesn’t affect this type of fluid. In non-Newtonian fluids, the viscosity changes when under force/stress to either more liquid or more solid.





Chapter Eight
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FROGS AND CULTURE
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For good or ill, frogs have long piqued human interest. And it’s interesting to think about why this is. Across time and cultures, different anuran qualities have really caught people’s attention. The first, and perhaps most obvious, is their noxiousness. All frogs are toxic to some degree. And some are truly deadly. It’s easy to imagine early human societies being fascinated with this trait – a tiny creature able to repel or even harm a larger adversary would have made it perfect fodder for myths and legends. For those cultures who managed to harness the frog’s poison, either as a weapon or a source of healing, the symbolism would have been even more potent.

Traditional healers in China have long prescribed Chan Su, derived from anuran skin, as a treatment for sluggish libido and heart disease. In Roman medicine, Pliny the Elder endorsed frog cures as antidotes to poison, love potions and even remedies for arguing. Equally bizarre, Pliny also recommended that a frog’s tongue be applied to a woman’s chest if you wanted her to tell the truth. This blend of seemingly useful treatments and outlandish folk remedies was echoed in Western medieval medicine. There, as in many other cultures across the world, ‘sympathetic healing’ involved using a treatment that had the qualities of the disease you were trying to cure. Physicians and folk healers often reached for frogs, and true toads in particular, for conditions that manifested themselves in boils or bumpy skin. From abscesses to the plague, smallpox to tumour, a warty anuran was deemed just the ticket.
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Did you know…?

Both frogs and toads were often known as paddocks in northern England and puddocks across Scotland. The Scots used the word with great flair, both as a noun and an adjective – a teeming pond was puddocky, for example, or in brilliantly inventive combinations such as puddock-cheeked (having puffy cheeks) or fu’ as a burstin’ puddock (to have eaten too much).
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During the witch-hunts of the sixteenth and seventeenth centuries, frogs and toads were commonly viewed as both witches’ familiars and magical ingredients. Early biblical texts linked anurans with the Devil – the Book of Revelation talked about frogs as demonic spirits, ‘coming from the mouth of the dragon, from the mouth of the beast, and from the mouth of the false prophet’. This hostile view was embellished by medieval writers – twelfth-century abbess Hildegard of Bingen advised that a toad has ‘some diabolical art in it’. Archbishop Jacobus de Voragine, a century later, took the idea to its extreme – toads, he claimed dramatically, were born out of the genitals of dead sinners. The anurans’ value as a healing ingredient further inflamed its controversial character – both frogs and toads had bodies ‘both full of medicine and poisons’, a contradiction that no doubt made them ripe for superstitious belief. Practitioners of magic and practitioners of healing were often viewed as one and the same when it came to accusations of witchcraft.

The high-profile naming of frogs in witch trials, and medieval treatises about magic, no doubt influenced William Shakespeare’s descriptions of the creature. He, and other writers of the time, were particularly unkind about frogs and toads, which he believed to be ‘ugly and venomous’. Few descriptions could be as vivid as those thrown at Richard III in the eponymous play. ‘Never hung poison on a fouler toad’, claimed Lady Anne, while twice is he insulted as a ‘bunchback’d toad’ by queens Elizabeth and Margaret. The Duchess of York even adds her own amphibian affront, ‘Thou toad, thou toad’. Perhaps most famously of all, however, the three witches brew up trouble in a cauldron in Shakespeare’s Macbeth:

Toad, that under cold stone

Days and nights hast thirty one

Swelter’d venom sleeping got,

Boil thou first i’ the charmed pot.

For centuries, frogs and toads continued to suffer from poor public relations in the Western world, even from people who should have known better. Linnaeus, the great eighteenth-century zoologist and father of modern taxonomy, regarded all amphibians, including frogs and toads, as ‘foul and loathsome animals’, which are ‘abhorrent because of their cold body, pale colour, cartilaginous skeleton, filthy skin, fierce aspect, calculating eye, offensive smell, harsh voice, squalid habitation, and terrible venom’.
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Did you know…?

The fear of frogs is called ranidaphobia, from the Latin rana meaning frog. It’s also sometimes called batrachophobia, after the Greek word for frog, batrakhos.
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For some cultures, however, the frog’s toxicity may have also been its saving grace. The frog’s noxious skin was of deep interest, not least because some species are thought to produce hallucinogenic secretions. Many ancient Mesoamerican cultures, from the Olmec to the Maya, were adept at using powerful drugs to obtain altered states of consciousness. They also worshipped the frog in their art and iconography. Many scholars now link the two and suggested that Mesoamerican civilisations might have been using the mood-altering properties of local species as part of their ritual culture. Although toxic if ingested, new research suggests that frog skin might have been dried and smoked, like tobacco, to deliver a mind-altering kick.

Whether used for psychoactive substances or not, the frog was certainly revered by many people in ancient Mesoamerican culture. Chaac, the god of rain, and anurans were deeply intertwined in Mayan beliefs. Frogs were considered to be Chaac’s musicians, their croaks a sign of approaching storms and imitated by priests in ceremonies to celebrate the rain. The frog also symbolised fertility – the squatting frog was thought to resemble a woman in the traditional birthing position. Ancient Egyptian women saw this similarity too, and often wore frog amulets in the hope of an easy delivery.

Indeed, ancient Egyptian society was smitten with the frog. The goddess of fertility, Heqet, was embodied by the image of a frog. Heqet, wife of Khnum, one of the earliest and most powerful of the Egyptian deities, embodied renewal, fertility and rebirth. Not only were frogs associated with the annual flooding of the Nile, bringing with it sweetened fresh soil for the new harvest, their explosive spawning inspired Egyptian ideas about abundance and fecundity. The hieroglyph for the number 100,000 was a tadpole, a creature that, for the Egyptians, conveyed profusion and excess.

Even Western society wasn’t always hostile to the frog. While the common frog and common toad were often associated with murky ponds and the slithering underworld, an exception seems to have been made for the European tree frog. These creatures are still common across much of Europe, temperate Asia and North Africa, but Britain lost its only arboreal frog in the 1980s. Whether the tree frog was truly native, or imported at some point far back in history, one naturalist wrote about the frog with particular affection. The seventeenth-century English polymath Sir Thomas Browne first recorded the presence of this now lost amphibian: ‘I mean the little frog of an excellent Parrot green, that usually sits on Trees and Bushes, and is therefore called Ranuculus viridis, or arboreus.’ Long viewed as an introduced species, Britain’s tree frog was never awarded any kind of protected status. Many herpetologists now suspect the creature may have been a genuine survivor from the end of the Ice Age, doggedly holding on in small niches such as the New Forest. No one has seen one in the wild, however, since 1988.
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Did you know…?

Until recently, it was thought that common toads stuck to life on terra firma. New research shows, however, that some choose to live in nest boxes and tree cavities up to 1.5 metres off the ground. Conservationists surveying British dormice and bats discovered that common toads were routinely climbing trees and hiding out in arboreal spaces traditionally occupied by bats, rodents and birds. One particularly brave toad in the study was found living nearly 3 metres off the ground.
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Despite the anurans’ associations with witchcraft and ill health, some enlightened people were kind to toads. Georges-Louis Leclerc, an eighteenth-century French naturalist and author, regaled readers with a story of a toad that lived for thirty-six years as the plaything of a fellow academic. Every day, from being a child, he fed the toad by hand until: ‘ by constantly feeding it, brought it to be so tame, that it always came to the candle and looked up, as if expecting to be taken upon the table, where I always fed it with insects of all sorts […] Spiders, millipedes and fresh maggots seem to be this animal’s favourite food.’ 37 In the nineteenth century, Sara Jane Lippincott, American author and early advocate for women’s rights, was also a fan of the toad. In a time when animal rights were also in their infancy, Lippincott wrote that ‘Toads are capable of friendly sentiments, and can be domesticated. For several years, one lived under the pantry window at our old homestead, and would come forth from his hole when called, and eat the bread-crumbs that were given to him.’

For all those people who viewed anurans as either friend or foe, some have simply regarded frogs as a source of protein. In parts of Europe, Asia, South America and the US, ranivory or eating frogs is commonplace. It’s particularly associated with French cuisine; medieval rules for Lent didn’t count cold-blooded animals, including frogs, as meat, and allowed them to be freely eaten, but the practice actually reaches much further back into prehistory. The earliest archaeological evidence, until recently, came from the Czech Republic and the discovery of hundreds of frogs’ hind leg bones in a refuse pit at a 5,000-year-old hill fort east of Prague. However, a new excavation at Blick Mead, near Stonehenge in Wiltshire, has pushed the date even further back in time. There, a Mesolithic site at least 9,000 years old revealed the cooked leg of a toad among other charred leftovers from a Stone Age feast, including venison, wild boar, aurochs (wild cattle) and hazelnuts.

During medieval and early modern times, extravagant and fine-dining menus often featured frogs. Robert May’s The Accomplisht Cook, written in the seventeenth century, included a party-piece pie with live frogs inside, designed to ‘make the Ladies skip and shreek’, while a fifteenth-century Tuscan cookbook gave instructions for a frog-meat blancmange suitable for Lent. Perhaps the oddest signature dish came from a fourteenth-century German manual, Ein Buch von guter spise (‘The Book of Good Food’). There, a quick recipe for infants included ‘sow’s feet and bullfinch tongues, titmouse bones and frog legs’.38 Le Ménagier de Paris, a fourteenth-century household book written by a much older husband to his fifteen-year-old wife, gives food historians a fascinating insight into how people caught edible frogs for the kitchen. Le Ménagier recommended ‘a line and a hook with a bait of meat or a red rag’. After a quick soak overnight, the frogs were then to be ‘rolled in flour and then fried in oil, fat, or some other liquid, and served in a bowl with some spice powder thereon’.39

For many cultures, the eating of frogs’ legs and other parts of the anuran body has a long history. And yet, as with many other creatures, the world’s increasingly insatiable and voracious appetite is threatening the very survival of certain species. Indeed, as we’ll see in the next chapter, at no other time in our recent history have frogs and other amphibians faced such serious challenges.

HOW TO HELP FROGS

Frogs as pets

The global trade in frogs is putting wild populations under pressure. People who own frogs as pets often love them and take great care of them, but there are wider concerns about the treatment of amphibians in the pet trade. Whether it’s capture or captive breeding, handling, storage or transportation, the procurement process is often highly stressful for frogs. Their experience of captivity, however gilded the cage, also poses a number of issues when it comes to animal welfare. Frogs can live surprisingly long lives in captivity and, thanks to their sensitive skin, don’t enjoy being handled in the same way as domestic pets. They also have precise needs in terms of housing, temperature, companionship and diet, a commitment that often proves too onerous for first-time frog owners.

It’s a thorny issue, not least because many people, especially children, become enthusiastic advocates for frogs as a result of keeping them as pets. As a general rule, however, most amphibian conservation charities don’t encourage people to keep frogs in captivity. Their argument is that the needs of frogs are so complex that, in many cases, people are just not well enough informed to look after them correctly. While captive breeding programmes should, in theory, remove the pressure to procure frogs from the wild, the booming popularity of pet frogs seems to be exacerbating all forms of trade, both legal and illegal. Learning about frogs by observing them in their own habitats, whether it’s a back garden or a wildlife sanctuary, can ignite a passion for amphibians without need for compromise. For those keen to know more about the non-native anuran world, volunteering, visiting or an internship at a conservation-friendly zoo is a great place to start and can help protect endangered species.
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Chapter Nine
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FROG CHALLENGES
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According to the latest findings from the International Union for Conservation of Nature, over 40 per cent of all amphibians (most of which are frogs) are currently threatened with extinction. A number of factors, often working in deadly harmony, lie behind this decline.

HABITAT DEGRADATION

Frogs’ homes are under threat. From the disappearance of forests to the pollution of waterways, habitat degradation is one of the main drivers behind declines in both numbers and species of frogs. Agricultural development, industry, logging, human settlement and wetland destruction make life difficult for frogs in a number of ways. While some forms of habitat degradation remove key elements in the frog’s diet or life cycle – such as ponds or marshland – others simply remove enough of a species’ habitat to make it impossible to maintain a viable population.

The Kihansi spray toad, for example, recently went extinct in the wild thanks to the construction of a hydroelectric dam (although strenous efforts are being made to reintroduce them). The spray toad, as its name suggests, thrived in the misty microhabitat at the base of the Kihansi Falls in Tanzania. The dam reduced the waterfall to a trickle, leaving the Kihansi spray toad, and many other plant and animal species that lived in its steamy surroundings, literally high and dry. Lehmann’s poison frog – a species with vivid Dennis the Menace red and black stripes – lives in a tiny range of less than ten square kilometres of rainforest in Colombia. Now considered critically endangered, Lehmann’s poison frog is battling a three-pronged attack from timber felling, the encroachment of farming, and the pet trade (see here).

River and wetland pollution, often caused by pesticides, agricultural run-off and the release of effluent into waterways, is making life challenging not only for aquatic species but any frog who returns to water to breed. Ponds are also drained or left to dry up thanks to the expansion of urban areas or changes in farming practices. The Mississippi dusky gopher frog, for example, is now critically endangered. Loss of its ponds and forest habitat, and the use of pesticides, have all pushed the species towards extinction. This is further compounded by the decline of another local species, the gopher tortoise, which digs burrows that provide shelter for nearly four hundred other species of animals, including the dusky gopher frog.

If Britain and other European countries think they can rest on their laurels, they are much mistaken. Many species that were once ubiquitous are also under threat. Britain’s anurans have all been in decline since the 1970s – the population of the common toad alone has dropped by 68 per cent over the last three decades.40 Most of Britain’s ponds have also largely disappeared since the nineteenth century. Many villages, towns and farms that used to have ponds – for industry, fishing, power and agriculture – have largely been drained or infilled, leaving fewer places for aquatic life to thrive.

Some threats to frog life come from the most unexpected places, especially in built-up areas. Road traffic, for example, can have a significant effect on frog populations, especially when they are making their annual pilgrimages back to breeding sites across busy roads. Even pavement design can affect a frog’s journey. Amphibians crossing roads tend to reach a kerb and then move along its base until they find a low point. While doing this, frogs are prone to falling into road drains and gully pots along the base of the kerb, which they then can’t get out of. Simple changes, such as drop kerbs, amphibian tunnels or moving gullies slightly further away from the kerb, can reduce frog deaths dramatically.

Invasive garden plant species can also cause problems – a study of Japanese knotweed in North America, for example, showed that its presence vastly reduced the number of insects available for frogs to eat. In Britain, a pond plant called New Zealand pygmyweed grows so aggressively it outcompetes native species. Its mat-forming habit also creates a thick surface on the water, reducing the oxygen available to frogs and tadpoles. Even a pond that is poorly maintained can make life tricky for frogs. Tree shading and leaf drop, invasive vegetation, stagnant water – all these will reduce the amount and diversity of wildlife, including frogs, that can survive.

CLIMATE CHANGE

Frogs are highly sensitive to climate change. Being cold-blooded, their body temperature is regulated by the external environment. They have a critical thermal maximum, a temperature above which they die. With the climate experiencing rising ambient temperatures, frogs must increasingly find more places where they can keep cool and moist, a challenge when so many frogs’ habitats are already fragmented by human settlement. The well-documented Puerto Rican coquí frog is currently shifting altitude in response to climate change, its populations moving towards higher, cooler elevations to escape the heat.

Frogs, which rely so heavily on water for both breeding and respiration, are stymied if ponds, streams and other wet areas dry up. Not only are their bodies prone to desiccation but many simply can’t reproduce if they can’t access water. It’s not clear what effect climate change will have on the global water cycle. Some areas will have less rain, others more. Some areas will be more prone to droughts, others more flooded. The temperature of bodies of water will also change, with a knock-on effect on the breeding and development of many different kinds of amphibians. These direct effects – temperature and rainfall – may also be exacerbated by other issues, such as water quality and rising demands from human settlements. When viewed in the round, it’s a worrying state of affairs.

CHYTRID

One of the most devastating problems to afflict the world of frogs, and – outside of the world of herpetology – one of the least known, is the chytrid fungus. For the past four decades, a deadly infectious disease has been ripping through the world’s frog population. Chytridiomycosis, the disease caused by the fungus, is a ‘panzootic’ – the animal kingdom’s version of a pandemic. According to researchers, chytridiomycosis is responsible for ‘the biggest documented loss of nature from a single disease’ in history.41 And, as yet, despite scientists working round the clock, no way has been found to eradicate the pathogen in the wild. To date, the chytrid fungus has caused the severe decline of over five hundred species of frog, and the extinction of nearly a hundred. There are fears that hundreds more species have been significantly weakened by the disease.

The disease attacks a frog’s most important bodily system – its skin. The fungus damages the keratin layer in their skin and thickens it. This affects a frog’s ability to absorb the correct nutrients and breathe, leading to heart failure and death. And while tadpoles don’t seem to be affected by the disease even though they can carry it, as soon as they complete their metamorphosis, they too succumb to the fatal fungus and perish. Recent research has pinpointed the origin of the disease to Asia, sometime in the first half of the twentieth century, from where it spread quickly to other continents thanks to global travel and, more significantly, trade in wild amphibians for pets, food and research. Frog populations already under stress from habitat degradation, pesticides and temperature changes may also be more vulnerable to perishing from the chytrid fungus.

Curiously, while some species have been crushed by the chytrid fungus, others seem not to be susceptible. The American bullfrog, for example, and the African clawed frog appear to be resistant to the disease but may still act as carriers. Hope also lies in the fact that other species of frog have been shown to acquire resistance to the chytrid pathogen after successive exposures.

INVASIVE SPECIES

Remarkably, in some places the main problem for frogs is other frogs. Invasive and introduced species can disrupt the balance of ecology in an environment. Whether it’s competing for food resources, cannibalism, pathogens or dominating access to breeding sites, native species often lose out. In the US, for example, African clawed frogs are considered a significant threat to indigenous wildlife. Between the 1940s and 1960s, African clawed frogs were used extensively in scientific research and provided the first reliable pregnancy tests. Doctors would send women’s urine to dedicated frog laboratories. There, technicians would take the urine and inject it into female African clawed frogs. If the frog started to produce eggs, the woman was pregnant. With the arrival of modern pregnancy tests, many African clawed frogs were simply released into the surrounding countryside. Long-lived and excellent breeders, the African clawed frogs have proved fearsomely effective colonisers, preying on native fish and other amphibian species. They are also suspected of transmitting the chytrid fungus.

Over in Australia, the cane toad is wreaking similar havoc. Imported into the country in the 1930s from South America to control insects that were attacking sugar cane plantations, the cane toad not only devours small prey and insects but is threatening larger animals. Cane toads are particularly toxic and are fatal when consumed by native predators such as reptiles and turtles that have never adapted to its poison. Over a hundred species of amphibians are classed as invasive species around the world.
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OVERHARVESTING – FOOD AND PETS

The global pet trade has put many wild populations of frogs at risk. A wide variety of anuran species are threatened by over-exploitation for the international pet trade, although many share similar traits. Brightly coloured frogs, for example, are often extremely popular. The harlequin mantella, a small but glorious black and orange frog from Madagascar, is now considered one of the island’s most threatened species thanks to over-collection for the amphibian pet business. Tree frogs, with their vibrant colours and tiny size, are also enthusiastically traded, with poison frogs and glass frogs proving particularly popular. While some countries run successful captive breeding programmes, many frogs – especially those that are difficult to breed in captivity – are still harvested from the wild, often illegally. The trend is gathering pace. In the 1980s, fewer than a hundred people are thought to have kept poison frogs in the US. Estimates put the current figure somewhere between 50,000 and 100,000.42 In the UK, where the red-eyed tree frog is a common pet, nearly one in five imported frogs is thought to have been captured from the wild.43 Novelty and rarity seem to enhance the appeal of certain frog species to pet owners, further exacerbating the problem of diminishing wild populations.

As we’ve already learned, frogs have also made a significant contribution to the diets of many countries and cultures over the centuries. While traditionally frogs were collected sustainably and seasonally for local consumption, in recent years the practice has become year-round, internationally traded and vast in scale. Wild populations are mostly plundered to meet this demand. Major importing countries are the US, Belgium, France, Luxembourg, Italy and the Netherlands, taking frogs from around the globe from places as diverse as China, Bangladesh, Vietnam, Albania and Turkey. The volumes are truly staggering. Trade data from the United Nations suggests the Western world eats an estimated 1 billion wild frogs every year, roughly split between North and South America and Europe. And while export figures are high, many countries capture an even greater number of frogs to meet their own domestic demand. Indonesia, a major exporter of frogs, sends more than 4,500 tonnes overseas every year, while estimates put their own domestic consumption at seven times this amount.44

Overharvesting is already impacting many edible species. Turkey’s Anatolian water frog is expected to be extinct by 2050 if capture rates continue at current levels, while in Albania the Scutari water frog is now on the national list of threatened species. Of the thirty-nine species of edible frogs harvested in China, at least a dozen are classed as in ‘rapid decline’, including the giant spiny frog. Edible frog species tend not to be protected by the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), allowing the sale of frog meat to continue with very little or no regulation at all.

HOW TO HELP FROGS

Leap into a campaign

Only by understanding the threats currently facing frogs and other amphibians can we do something about it. Thankfully, there are plenty of like-minded people who care. Show your support by joining one of the many campaigning organisations dedicated to securing the future and habitat of frogs. Whether it’s a charity dedicated to a local species under threat or a global conservation body working hard to protect all biodiversity, your contribution counts. Lobbying the frog pet trade, campaigning against unsustainable frog meat, voting for parties with policies that support the environment, choosing food and products that are produced in a sustainable or regenerative way – all these actions make a genuine impact. Parents and teachers too can encourage children to have a genuine love of frogs through books, documentaries and other teaching resources.

Campaigns also lead to real and lasting change. The Rainforest Trust, for example, recently secured funding to buy the Cocobolo Nature Reserve in Panama, home to the only known breeding population of the critically endangered harlequin frog. In America, Save The Frogs! has saved or created more than thirty wetlands and successfully stopped the import and interstate transportation of over two hundred species of amphibian. In 2009 it also established an international annual ‘Save the Frogs Day’ (April 28) to educate local communities about amphibians. Campaigns can also have knock-on benefits or beneficial partnerships. In the UK, for example, Froglife’s ‘Leaping Forward for Dementia’ empowers Londoners living with dementia to access safely the benefits of the outdoors through wildlife gardening and nature discovery.

Frog conservation doesn’t just affect amphibian life. The ZSL (Zoological Society of London), for example, runs a highly effective ‘Back from the Brink’ initiative, protecting critically endangered species from extinction including the Lake Oku clawed frog, one of the most genetically unusual species in the world. While the vast majority of animals, including humans, have two pairs of chromosomes, the Lake Oku clawed frog has twelve. ZSL’s ground-breaking captive-breeding programme and work to save the frog’s unique habitat not only protects a rare frog from extermination but also preserves an animal that could tell us something profound about the evolutionary history of all life, including ourselves.
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DIRECTORY OF RESOURCES

UNITED KINGDOM

The Amphibian and Reptile Conservation Trust

https://www.arc-trust.org

Froglife

https://www.froglife.org

The Wildlife Trusts

https://www.wildlifetrusts.org

Frog specific pages:

https://www.wildlifetrusts.org/actions/how-create-mini-pond

https://www.wildlifetrusts.org/actions/how-make-log-shelter

(Ways to help frogs at home)

British Herpetological Society

https://www.thebhs.org

Herpetological Society of Ireland

https://thehsi.org

Farming & Wildlife Advisory Group

https://www.fwag.org.uk

Norfolk Ponds Project

https://www.norfolkfwag.co.uk/norfolk-ponds-project/

Freshwater Habitats Trust

https://freshwaterhabitats.org.uk

Wildfowl & Wetlands Trust

https://www.wwt.org.uk

https://www.wwt.org.uk/wetlands-can/mini-wetlands

National Trust

https://www.nationaltrust.org.uk/our-cause/nature-climate/nature-conservation

https://www.nationaltrust.org.uk/visit/liverpool-lancashire/formby/conservation-work-at-formby

(Specific project for Natterjack Toad)

The Conservation Volunteers

https://www.tcv.org.uk

RSPB

https://www.rspb.org.uk

Create a mini-pond

https://www.rspb.org.uk/get-involved/activities/nature-on-your-doorstep/garden-activities/create-a-mini-pond/?channel=paidsearch&gclid=Cj0KCQjwjN-SBhCkARIsACsrBz7QTiBr9HRPwjBlbIXDve_paR_Ln7bNt8FVB8vLGta9UcjTtzPhGgYaAg5dEALw_wcB&gclsrc=aw.ds

People’s Trust for Endangered Species

https://ptes.org

Cool Earth

Frogs, Conservation and the importance of local knowledge

https://www.coolearth.org/news/frogs-conservation-and-the-importance-of-local-knowledge/

Amphibian Survival Alliance

https://www.synchronicityearth.org/partner/amphibian-survival-alliance/?fwp_programme=amphibian rog

General nature / environmental campaign

(but no specific frog-focus!):

Friends of the Earth

https://friendsoftheearth.uk

Friends of the Earth Scotland

https://foe.scot

LATIN AMERICA

Rainforest Trust

https://www.rainforesttrust.org/saving-endangered-species/frogs/

People’s Trust For Endangered Species

Recovering the El Rincon stream frog

https://ptes.org/success-stories/recovering-the-el-rincon-stream-frog/

UNITED STATES

SAVE THE FROGS!

https://savethefrogs.com

Defenders of Wildlife

https://defenders.org/wildlife/amphibians

Rainforest Alliance

https://www.rainforest-alliance.org

The Nature Conservancy

https://www.nature.org/en-us/

National Wildlife Federation

https://www.nwf.org/California/Our-Work/Refrogging-America

Amphibian Foundation

https://www.amphibianfoundation.org

AUSTRALIA

The Frog Research Team

https://www.frogresearch.com

Frogs Victoria

https://www.frogsvic.org

Australian Wildlife Conservancy

https://www.australianwildlife.org

earthwatch Australia

https://earthwatch.org.au

EUROPE

Reptile, Amphibian & Fish Conservation Netherlands

https://www.ravon.nl/English/About-us

European Pond Conservation Network

https://www.europeanponds.org

International Union for Conservation of Nature

https://www.iucn.org

earthwatch Europe

https://earthwatch.org.uk

Societas Europaea Herpetologica

https://www.seh-herpetology.org

GLOBAL

Amphibian Specialist Group

https://www.iucn-amphibians.org
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