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Praise for Nature’s Magicians

‘If you’ve ever contemplated the question “What do leaves do?”, Jonathan Silvertown offers intriguing insights and answers in Nature’s Magicians… A riveting invitation for plant lovers and nature enthusiasts alike to engage and marvel anew at the magic and power of leaves.’

Beronda Montgomery, author of Lessons from Plants

‘Like no other, Jonathan Silvertown is able to make us marvel at the magic that is the humble plant leaf.’

Menno Schilthuizen, author of The Urban Naturalist

‘From flying lettuce to sleeping soybeans, Silvertown coaxes mind-bending performances from his eclectic cast, leaving you scientifically enriched, entertained and enthralled by their wizardry.’

Enrico Coen, author of Cells to Civilisations

‘Nature’s Magicians is an illuminating book, both a cornucopia of the myriad ways in which plants are adapted to survive and grow, and a lucid warning from the recent unsupported claims about the “wood-wide web” and “plant intelligence”, showing how science can be twisted and misrepresented.’

Roland Ennos, author of The Wood Age

‘Enjoyable, highly stimulating, often enthralling and frequently inspirational. This is a provocative re-imagining of what it means to be a plant.’

Thomas J. Givnish, Henry Allan Gleason Professor

Emeritus of Botany, University of Wisconsin-Madison

‘From the canopies of tropical rainforests to the adaptations of desert plants, he captures the centrality of leaves in all our lives – creating food from sunlight, recycling water back into the atmosphere, making medicines and poisons, and providing our shelter and clothing. If you want a book that will make the people in your life finally understand why leaves matter, this is it.’

Pamela C. Ronald, co-author of Tomorrow’s Table: Organic Farming, Genetics and the Future of Food
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NATURE’S MAGICIANS
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As dawn plucks at the cloak of darkness and the sun beams a spotlight upon the object on my windowsill, the magic begins afresh. The object is a chilli plant, its leaves already angled in anticipation toward the rising light. In the weeks since I planted the seed, I have witnessed it germinate and grow. The seedling started with two tiny pointed leaves, which it unfolded from the seed case and presented to the sky as if to implore, “Send me your gifts.” With only the requirements of gentle heat, a moist soil, and a daily bathe in light, the seedling’s two leaves expanded, a shoot appeared between, and from this flourished a stem and two more leaves. Then, at an ever-increasing rate, more stem, more leaves, and branches each brandishing more of the same. More quickly than I could have imagined, the tiny seed has exploded into a leafy plant that almost fills my window. Magic!

Yes, this is magic, by which I mean a source of wonder and surprise. It doesn’t matter how many times I have witnessed leaf magic; it never ceases to amaze. More usually, magic is identified with illusion. An illusionist will pull from their closed fist a seemingly endless string of silk handkerchiefs, but such a feat is nothing to a leaf. One leaf will bring forth another and that leaf will repeat the act, beginning an unending succession that can hoist a plant high into the air. The futurist and science fiction writer Arthur C. Clarke famously wrote, “Any sufficiently advanced technology is indistinguishable from magic.” The gap between magic and understanding is crossed when science lifts the veil of illusion. Romantics have sometimes characterized this as disillusionment, but nothing could be further from the truth. After all, it is wonder that motivates scientific curiosity, not the pursuit of disappointment.

Who could not marvel that leaves perform the trick of plant building with a gas that is only 0.04 per cent of the atmosphere? Aside from carbon plucked from the air, the leaf magician only requires some water, and the mineral nutrients present in a modest deposit of animal dung. The process is solar powered, it renews itself, and all the machinery is recyclable. From this marvellous process comes everything that we depend on, including the oxygen we breathe. We know this but rarely behave as though we do.

More than a century ago Scottish botanist Patrick Geddes said:


By leaves we live. Some people have strange ideas that they live by money. They think energy is generated by the circulation of coins. But the world is mainly a vast leaf-colony, growing on and forming a leafy soil, not a mere mineral mass: and we live not by the jingling of our coins, but by the fullness of our harvests.1



If this statement rang true when Geddes addressed his students in 1919, then today its crescendo should be heard in every ear. Half the forest loss in the last ten thousand years has occurred in the hundred since these words were spoken, while science has deepened our understanding of the dire consequences of ignoring Geddes’s words.2

Truly, we live by leaves, though somehow in blissful ignorance of this fact. But it was not always so. In pre-Columbian times the Amazon rainforest was no virgin jungle, but home to millions of indigenous people who lived and farmed sustainably in the forest.3 They lived by leaves and surely knew it, enriching the soil with leaf mulch and cultivating indigenous plants in forest gardens, including a diversity of wild palms that provided everything from fruit to roofing.4 The people are gone, but the soils they made are still conspicuous islands of fertility.

An ocean away in Europe at a similar time, the evidence of leaf awareness is recorded in stone. Southwell Minster is a medieval cathedral situated in a modest little town in Nottinghamshire, England. When a chapter house was added to the church in the fourteenth century, the town would have been a small settlement in a landscape of fields and pasture surrounded by forest.5 The same forest that a century earlier sheltered the legendary Robin Hood and his merry men from pursuit by the sheriff of Nottingham. The medieval stonemasons who fashioned the decorative capitals to each column of the Southwell chapter house furnished them with intricate carvings of leaves, so true to life that the two native species of oak can be distinguished from the subtle differences between them.6

Where are the leaves in our lives today? Imagine that your next meal is sitting upon a plate in front of you. There may be actual leaves there, perhaps lettuce, spring onions, cabbage, or spinach, but even without those there will be other foods that owe their existence to leaves. No tomatoes, carrots, potatoes, corn, rice, or beans without the leaves that feed those plants. No bread without wheat leaves. No meat without leaves either. Ironically, if you are a meat eater, your diet is much more in debt to leaves than that of someone who eats only plants. It takes leaves to feed cattle, sheep, and chickens, whether they are fed directly on grass or upon corn.

Compared to eating plants directly, eating meat is an inefficient way of turning leaves into human food, so more leaves are needed. Only 4 per cent of the energy a cow obtains from leaves during its lifetime ends up in the meat in your hamburger.7 For comparison, the wheat grains that went into the bun represent 40 per cent of the energy harvested from the sun by the wheat plant.8 A chicken is a more efficient converter of leaves into meat than a cow, but it only manages about 9 per cent.9 My point here is not that we should live on empty burger buns, but just that whether you like lettuce in your burger or not, the burger contains a lot of leaves.

A leaf is a solar panel, a rainmaker, a lunch box, a chemistry set, a soil maker, and the inspiration of artists. The reality of our dependence on leaves is easily demonstrated, but the ways and means by which leaves themselves evolved and live are amazing, varied, and a story mostly untold. Every leaf hides a story: not the fanciful tales of future and fortune that fairground charlatans pretend they can see in tea leaves, but natural histories shaped by the necessities of survival and reproduction that can be tested for veracity by science.

Not only are leaf stories an unopened book, but so too are the adventures of the scientists who discovered them. At the end of the eighteenth century, after Isaac Newton had shown that objects in motion obeyed scientific laws, the philosopher Immanuel Kant wrote, “There will never be a Newton of the blade of grass, because human science will never be able to explain how a living being can originate from inanimate matter.” Seventy years later the German biologist Ernst Haeckel declared Charles Darwin to be the “Newton of the grass blade.” And so he was, not only because he discovered laws of evolution that conjured life into existence, but also because Darwin observed leaves in motion.10

In this book I pursue the conceit that leaves are magicians by revealing the wonderful things that plants can do, some of which are hidden and others merely taken for granted. The signature trick performed by leaves is photosynthesis, using the energy of sunlight to turn water and carbon dioxide into the sugar glucose with a side order of oxygen. Leaves pull off a whole boxful of ancillary magic to optimize the process, to make leaves and other plant parts, and to defend themselves against the legion of animals, fungi, and microbes that also live by leaves.

The twin demands of production and defence have determined the evolution of huge variety in leaf shape, size, number, and colour, but why? Evolution has endowed leaves with senses, with movement, and with chemical defences, but how? This is the understanding that we need to create a sustainable, plant-based existence. Betraying how a magician’s tricks are done ruins the illusion, but revealing how nature’s magic works only increases our wonder.

To a soothsayer, palmistry is the art of spinning a yarn from the crease lines on your hand. Why not reinvent palmistry as the genuine story of palms? This wonderful and numerous family with a long evolutionary pedigree holds records for the largest leaf, the longest stems, and the biggest seeds of any plant. Rattan palms rampage for hundreds of metres through the upper parts of tropical forests hoisted on leaves modified into spiny grappling hooks. As you relax in your cane chair, have a thought for the climbing palm that made your woven seat and enjoy the comfort of its pliant stems, designed by evolution to explore and exploit the treetops. Open a packet of M&M’s and admire their shiny glaze, a property of carnauba wax, which is harvested from a palm that secretes this hard, protective substance onto its leaves in the dry season of northeastern Brazil.11

There is a coastal palm that uses its leaf stalks as snorkels, allowing it to wade in the shallows.12 Leaves of the European dwarf palm emit a strong flowerlike scent that attracts its unique beetle pollinators—the first leaves of any plant known to do this.13 A single, fan-shaped leaf of the talipot palm can reach eight metres in width, suspended on a five-metre stalk, but even this monster is dwarfed by the raffia palm, whose feathered leaves can reach twenty-five metres in length.14 Because of their giant size, talipot leaves need to be especially flexible to resist tearing in the wind, making them ideal for writing on. In Asia, where the talipot grows wild, its leaves have been used for centuries to make books and manuscripts. After preparation of the leaf, it would be rubbed with turmeric paste, which protected the manuscript from insects and produced a pleasingly yellow surface on which to write and paint (see plate 1).15

These leaves have told our stories, so now let us listen to theirs.


LEAF MAGIC: The Props
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If leaves are the real currency of life, perhaps we should know how many there are on the planet. This is an obvious question, but no one has ever counted all of them, nor ever shall. I asked WolframAlpha, the artificially intelligent website that likes to answer questions about quantities, how many leaves there are. It came up with three numbers: 1,558, 2,633, and 2,555. These are, respectively, the year in which the word leaf was first written in English, the number of written words that are used more often than leaf, and the number of spoken words people would rather use before uttering it. Proof indeed that leaves are a neglected subject.

Even if we can’t fix an exact number on something very big, we can estimate it. One way to do this is to count the number in a small sample and then to multiply up. I asked WolframAlpha how many stars there are in our galaxy, and, as if we live by stars, it confidently answered 200–400 billion. This is calculated from the volume of the Milky Way (eight thousand billion cubic light-years) times the average star density in a cubic light-year. Easy. Now, if we can estimate the number of stars in the Milky Way, how hard can it be to estimate the number of leaves on one lonely planet?

But hold on. Not all leaves are the same size, nor are there as many on a daisy as on an oak tree. Most plants have an indeterminate number of leaves, though not so the Welwitschia mirabilis, which has only two, or the Cape tulip Moraea flaccida, which has only one. A paucity of leaves does not seem to handicap either plant. Welwitschia lives in the Namib Desert and can reach two thousand years of age, spooling out new lengths of leaf from its squat trunk, like toilet paper issuing from a roll. The distant ends of each leaf, up to four metres long, fray and die, but are replaced almost indefinitely by new tissue emerging from the trunk.

The Cape tulip’s solitary leaf is a metre long, which is sufficient to feed a corm that sprouts two or three copies of itself each year and to bear flowers that can produce more than a thousand seeds per plant. Such is the reproductive capacity of the Cape tulip that in Australia, where it is an introduced weed, it can produce dense infestations of up to seven thousand corms per square metre.1

Welwitschia and the Cape tulip are exceptions. Most plants have unlimited numbers of leaves. Has anyone ever been nuts or patient enough to count the leaves in even a small sample of a field of grass? Every year, during Wimbledon fortnight, the horticulturalist responsible for keeping the grass on Centre Court in tip-top condition for the tennis tournament counts a sample of fifty-six thousand blades of rye grass.2 I confess that I have done the same thing, though for science, not sport. I wanted to know how to increase the biodiversity of grassland on a nature reserve near Oxford where the habitat was dominated by just a couple of grass species, to the exclusion of meadow flowers of all kinds. So, two colleagues, James Bullock and Bronwen Clear Hill, and I spent a couple of years repeatedly counting grass leaves in many small plots on the reserve, to see whether grazing with sheep could control the dominant grasses. Well, to tell the truth, James and Bronwen did most of the counting, and James also had to put up with feeble jokes about bullocks in fields. Long story short: the grasses just kept growing back, filling every gap where seedlings of other species might have been able to establish themselves.

One of the things we discovered was that leaf densities varied between seasons and between different grass species. By the end of the growing season in October, a common grass called creeping bent, which, as it happens, also describes what you look like when you’ve been counting grass for two years, could reach densities of more than ten thousand leaf shoots per square metre. That is more than 100 million in a hectare. In Britain, there are 4.5 million hectares of grassland like the one we studied, so at the seasonal peak of the year, we can estimate that there are 450 trillion leaf shoots in just this one kind of grassland. Or in other words, a thousand times more than the highest estimate of the number of stars in the galaxy. In grasslands, an astronomical number of leaves are under our very feet. The number is so big that I propose that we should stop using astronomy as our benchmark for “huge” and use botany instead. How many stars are there in the galaxy? Oh, an almost botanical number!

If the sheer number of leaves is easily underestimated, then so too is their exuberant variety. Flowering plants divide into two main groups, the monocots, whose embryonic seedlings have a single leaf, and the eudicots, which have two. The chilli seedling on my windowsill is a eudicot, while grasses and the Cape tulip are monocots, for example. Monocots and eudicots tend to have different leaf shapes. Eudicots tend to have broad leaves, like those of a cabbage or an oak. Leaves of monocots tend to be linear and strap-like, like those of lawn grasses or bamboos.

The big difference between the strap-like leaf blade of monocots and the paddle-shaped leaves of most broad-leaved plants conceals an underlying unity in how leaves develop. Recent studies of the genes that control the development of a grass leaf have found that the tubular sheath at the base of a grass leaf is a modified petiole (leaf stalk), and the leaf blades of both kinds of plant, though different in appearance, develop from a common underlying structure.3

Palms are monocots, and they eschew convention, rejoicing in a diversity of elegant leaf shapes including conventionally palmlike, long and feathered, round and frilled, or splayed like a fish tail.4 Given such a range of leaf shapes, the most reliable way to tell a monocot from a eudicot is by looking at their plumbing. The main veins in a monocot leaf are usually parallel, while those in the leaf of a eudicot form a branching network. It may be a general pattern that venation evolves more conservatively than leaf shape. But venation can change when conditions demand it. Monocot herbs such as the tropical gingers that grow on the forest floor have thin, shade-adapted leaves supported by veins joined in a network. Net venation provides better physical support for flimsy leaves than the typical monocot parallel venation from which it evolved in gingers. This change has evolved more than two dozen times in monocots that colonized forests.5

Leaf shape varies greatly among different species of morning glory Ipomoea (see figure 1). There are species with leaves like a heart shape, leaves like a hand with ten fingers, leaves that resemble ferns, and leaves divided into leaflets arranged like a five-pointed star. All these different leaf shapes are served by a network of five major veins branching from the leaf stem, and the whole panoply can be found within a single cultivated species—the sweet potato I. batatas.6 A sweet potato variety from Peru has leaves with five fingers, one from the Philippines is heart shaped, in Louisiana there is an ivy-leaf variety, and in China a sweet potato has leaves resembling a maple leaf.7 Similar variety is found in the leaves of grape vines and tomatoes.8

[image: Diagram showing the leaf shapes of five species of morning glory (Ipomoea), all developed around a common structure of five major veins.]

FIGURE 1: The leaf shapes of five species of morning glory (Ipomoea), all developed around a common structure of five major veins. After A. Jones and J. Kang (2015), International Journal of Plant Sciences 176 (9): 820–31.

The bewildering diversity of leaf shape has intrigued and puzzled botanists for centuries. Does leaf shape have meaning and function, or is it just the exuberance of playful nature? One of the earliest to ask this question was German poet and polymath Johann Wolfgang von Goethe (1749–1832), not only author of some of the greatest works of German literature, such as Faust, but also a scientist engaged in physics, zoology, medicine, and above all botany. In September 1786 Goethe made what he described as a quick journey over the Alps into Italy, neglecting to tell even his lover and closest friends he was leaving. He recalled later that in the mountains, larch and cembra pine forcefully drew his attention to the influence of climate. These are needle-leaved conifers typical of colder places. Arriving in the warmer, lowland city of Padua, Goethe visited the celebrated botanic garden there, filled with rare plants.

The Orto Botanico in Padua is the oldest botanic garden in Europe, and it still retains a traditional layout of beds organized according to nineteenth-century plant taxonomy. To this was recently added a large climate-controlled greenhouse in which you can walk through a display of over a thousand living species in environments spanning arid desert to the wet tropics. Goethe would have thought himself in botanical heaven to see such a display, but in his day, most botanists were far more interested in naming everything than in what we now call ecology. Goethe, on the other hand, was a big-picture thinker who sought unity in diversity, and in the Orto Botanico di Padova, he thought he’d found it.

In a poem addressed to his wife, Christiane, Goethe wrote:


This confuses you, dearest, these modes of thousands of minglings In the riotous flowers spread through the garden all round; Many names you hear with respect, and each one’s barbaric Sound will always displace each that you heard just before. All forms are like in their structure, and none equates with the other; And this common accord points to a mysterious law, To a sacred enigma.9



A single plant that Goethe saw in Padua was all the clue that he needed to conceive his “mysterious law” of plant form. “A fan palm attracted my attention; fortunately, the simple, lance-shaped first leaves were still near the ground; the successive separation increased until finally the fan quality was discernible in complete development.”10 Goethe continued his Italian journey southward to Sicily, where, strolling in the public gardens of Palermo, the significance of what he had seen in Padua struck him. The transformation in shape from a lance-shaped first leaf through successively more divided leaves to the mature fan of the palm Chamaerops humilis was but one example of a much bigger phenomenon: Apart from the stem, all plant parts are transformations of the leaf. Petals and the parts of a flower are modifications of a leaf, seedpods and other fruit are transformed leaves joined along their edges, and leaves’ diversity itself is but variation on a theme.

Goethe’s was a highly poetic conception, and fellow poet Schiller pointed out to him that what he had was an idea, not a scientific observation. It was many decades before botanists took the idea seriously. Today, visitors to the Padua botanic garden are reverentially directed to “Goethe’s palm,” which still survives inside a special greenhouse that fits it like a glove. Molecular biology has discovered that the idea that this palm inspired in the poet is uncannily near the truth.

The essence of how a leaf develops is beautifully simple. Like any object, a leaf has three dimensions—its thickness, its breadth, and its length. A leaf begins to form in a nest of dividing cells in the tip of a shoot. A little bulge appears, and as cells proliferate, chemical signals between them determine that one side will be the top face of the leaf and the other will be the bottom. This simple-sounding distinction is vital because everything a leaf does must be squeezed into the narrow space between its upper and lower faces. As development proceeds, the leaf extends in the two remaining dimensions, establishing a leaf tip that is pushed length-ways by cells that continue to divide behind it, and growing in breadth as these cells push out sideways.11

The basic shape of a leaf is determined by the relative rates of growth in length and width. Bells and whistles must be added to this process if you want leaves with toothed edges and fancy shapes,12 but Goethe was right that there is an underlying unity in the variation of leaf shape seen both within and between species. Goethe also suggested that fruits are modified leaves. How can a banana be made from a leaf? A proper answer deserves another book, but the idea conforms with modern ideas about how flowering plants evolved. The defining feature of flowering plants, technically called angiosperms, is that their seeds are enclosed in a structure called a carpel. A fruit is a carpel, or a collection of carpels fused, padded, and painted by natural selection.

In shape, a carpel is like a small child’s drinking cup with seeds stuck on the inside. It is closed at the top but has a spout or neck through which the seeds may be fertilized by pollen. This sounds nothing like a leaf, but if you wished to make a cup from a flat sheet like a leaf, how would you do it? Imagine using a sheet of modelling clay, and the quickest way to make a cup would be to push down in the middle and pull the sides upward. Pitcher plants make cups like this, growing the lower surface of the developing leaf faster than the upper surface, so causing the leaf to curl inward. It is conjectured that this is how leaves evolved into carpels, possibly even using the same genes, or versions of them, that make cup-shaped leaves today.13

Leaves seem almost infinitely plastic. Why are some divided into leaflets, some lobed like oak or maple, and many others with the smooth outline of an ellipse? Physics determines the most general rules of leaf form and function. Leaves are designed by evolution to catch sunlight, but this makes them prone to over-heating. This is less of a problem for a lobed leaf because the air spaces between the lobes provide ventilation, cooling the leaf by convection. In obeyance of this principle, trees often produce different shapes of leaf, according to the local light environment. More entire leaf shapes are produced in the shade and more lobed ones where leaves are exposed to direct sunlight.14 You can see this in houseplants such as the arrowhead vine Syngonium podophyllum. Its first leaves are unlobed, but later, larger ones grow up to five lobes as the plant ascends to heights that in nature would expose it to more sunlight.

In open places and especially at the top of the tree canopy, leaves are exposed to another physical factor that influences their shape: wind. Think of how a flag behaves. At low wind speeds it hangs limp and incognito, but as wind velocity picks up, the flag stretches out proudly, then flaps wildly, ultimately rippling and cracking like a whip. Flags demonstrate the damaging force that leaves would confront if they were not adapted to survive wind. As wind strength increases, the force it exerts on a flag goes up with roughly the cube of wind velocity, meaning that when wind strength doubles, the force (called drag) goes up about eight times. Leaf shape and size reduce this effect so that wind speed and drag vary more proportionately. Pine needles are beautifully streamlined, but even broad leaves such as those of oaks can be too. Experiments exposing clusters of leaves to strong winds have revealed that they reconfigure into streamlined cones that reduce wind resistance. Lobes around the base of leaves help leaves to roll into the protective configuration.15

When I first visited a tropical rainforest, it struck me with awe that my botanical companions could tell one species of tree from another when all their leaves looked the same. There can be hundreds of species of tree in the richest forests, but even experts cannot tell most of them apart by their leaves. It’s like trying to spot who is who from their trousers when everyone wears blue jeans. The favoured apparel of trees in tropical rainforest is an elliptic leaf with a point or bristle at the end called a drip-tip. Weeping fig, Ficus benjamina, is a popular houseplant with just such leaves. It has a glamorous relative called the bodhi tree, Ficus religiosa, reputed to be the tree under which Gautama Buddha achieved enlightenment. Bodhi leaves have a rotund outline with the most graceful, sinuous drip-tip. A corpulent Buddha with a runny nose. You only have to watch during a rain shower to see how efficiently a drip-tip drains a leaf as it flexes under the weight of water and then bounces back. What would happen to a leaf that didn’t follow the dress code of the forest?

Wet, shiny leaves are inefficient at light capture because they bend under the weight of water to an angle at which less light is intercepted.16 Experiments confirm that leaves with a drip-tip drain faster than those without. Thus, it is not surprising to find that drip-tips are most common where they are needed most, in the wettest kinds of forest and in plants that inhabit the forest understory where light is scarce.17

Just as a warm and wet climate favours leaves fashioned one particular way, hot and dry climates favour something different. Not all tropical forests are perennially wet. In tropical forests where rains are strongly seasonal, many trees cast off their leaves and go dormant during the dry season. When the rains arrive, they flush a new crop of leaves that grow quickly in the warm and wet.

By contrast, Mediterranean habitats are hot and dry in summer, but cool and wet in winter. When the winter rains arrive, it is too cold for new leaves to grow rapidly. This kind of habitat, which is too dry for tall trees, is dominated by shrubs with small, evergreen, leathery leaves that are heavily defended from insects by aromatic oils. Rosemary and lavender are familiar, pungent examples. Next time you flavour food or apply scent from these plants, remember that we owe their delightful aromas to their need to make their leaves last because the opportunities to regrow them are so brief.

Desert habitats are even drier, and, most important, the frequency and amounts of rain are unpredictable. Desert shrubs such as the creosote bush survive by having tiny, evergreen, chemically defended leaves, but the desert climate strongly favours another strategy rare elsewhere: succulence. Leaf succulents such as Aloe, Crassula, and Sedum species store water in their fleshy leaves. Cacti have dispensed with photosynthetic leaves altogether, turning them into spines that defend the green succulent stem against thirsty animals. Evolution has made vulnerable cactus leaves into armaments for defence, forging swords from ploughshares.

Climate is a major shaper of leaves, but other forces are at work too. Take the Peruvian lily, Alstroemeria, for example—a common garden plant and a popular cut flower. Alstroemeria leaves are narrowly elliptic with the typical parallel veins of a monocot, but then they go crazy and surprise the tidy botanical mind. Half of the population spirals its leaves clockwise around the stem, and half spiral them counterclockwise. But that’s not all. As each leaf matures, it twists on its axis, turning the lower surface of the leaf to the sky. At this point the leaf observes a modicum of order because every leaf twists the same way, regardless of whether the direction of their spiral placement on the stem is clockwise or counterclockwise.18

Alstroemeria is one twisted plant. No one has yet investigated what advantage there might be in twisting leaves like this, but in other species with long, thin leaves, twisting mechanically strengthens them.19 The late Professor John Harper, a distinguished scientist of mischievous mind, had another idea. He once showed me Alstroemeria growing in his garden and suggested that the twist could be a ploy to lead caterpillars that like to travel safely out of sight on the underside of leaves to walk into the open, where they would be picked off by birds. He said this with a twinkle in his eye, but leaves pull off tricks just as improbable sounding as this. The most devious tricksters are the carnivorous plants.

Plants that bite back at insects include not only the famous Venus flytrap, with its jawlike leaves, but also pitcher plants, with leaves modified to make sophisticated traps, and sundews and butterworts, whose sticky leaves behave like flypaper. There is even a Brazilian plant called Philcoxia, which buries its sticky leaves in sand, where they trap and feed on tiny nematodes.20

Perhaps most contrived of all is a two-metre-tall South African shrub called Roridula, which has leaves and stems covered in sticky tentacles that trap even quite large flies. Charles Darwin was sent a dried and pressed specimen from the Kew herbarium and found it covered in dead insects. In his book on insectivorous plants, Darwin reasonably concluded that Roridula must be carnivorous, though he could not be sure that the plant was able to digest its prey.21 A later author concluded that since it does not produce the digestive enzymes that allow other flypaper plants such as sundews to feed on the flies they catch, Roridula could not actually be carnivorous.22 As so often, Darwin turned out to be correct, though there is an unexpected twist. Roridula is indeed unable to digest the insects trapped by its leaves, but it has help. Shrubs are patrolled by a specialist carnivorous bug, Pameridea roridulae, which is found living only on the plant. The body and legs of P. roridulae are covered in a grease that stops them from getting stuck while they feed on the insects trapped by the shrub. After each meal, the bug exudes a liquid secretion containing soluble nitrogen, which the plant can absorb through its leaves.23 Roridula is a botanical snack dispenser that takes payment in poop.

In common with all insectivorous plants, Roridula grows in habitats that are deficient in available nitrogen, but most plants growing in nutrient-poor soils have to find some other way to supply their needs. A common solution is to conserve nutrients by keeping leaves on the plant. Plants can withdraw and reuse some of the nitrogen and phosphorus in a leaf before it is shed, but not all of it. So, a leaf that lives two
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