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INTRODUCTION


Did you know that flowers make love too? More specifically, they pave the way for plants to do so. But how? Well, flowers are plants’ sexual organs. No false modesty here, though. Molière’s ‘Cover that bosom that I must not see’ is not a concept that goes down well with flowers, nor any other scruples uttered by more prudish souls, for that matter. Everything is there on show, for all to see – tempting the eyes and noses of any creatures passing by. Exhibitionism is the norm amongst our plant cousins.


Inability to move: therein lies the problem


There’s a reason why flowers are so visible. And as we shall discover, this is primarily down to one very simple property associated with plants: they are unable to move. They have their roots in the soil and their stalk points the rest of the plant skywards. Depending on the season, this stalk may bear flowers. However, other than the wind blowing the branches and leaves now and again, plants remain rooted to the ground. And yet, in any other species on this planet, the act of reproduction requires movement: the sperm or male sex cells (also known as male gametes) need to unite with the ovules, or female gametes.


In humans, the ovules remain in the woman’s body, while the man provides the motile sperm cells as part of the sexual act. This requires both the man and the woman to come together, after which the male gametes are discharged and fuse with the female gametes. The same process takes place in all mammals and, apart from a few exceptions, many species in the animal kingdom use very similar mechanisms.
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A profusion of colourful spring blooms in Monet’s garden at Giverny. Or plants flaunting their sexual organs?
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The sexual anatomy of plants


Let’s take a closer look at flowering plants: sperm cells and ovules have a part to play here too. The spermatozoa, or sperm cells, are protected inside a small sphere, safe and sound within a microscopic grain of pollen, each one containing two sperm cells. All these tiny grains are closely packed together in a case-like structure known as the anther, which is in turn located right at the top of a fine stem called the filament. Together, the filament and the anther form what’s known as the stamen. Therefore, by analogy, the stamen is the plant’s male reproductive organ.


The ovule, on the other hand, is hidden deep in the heart of the flower, well protected inside the ovary, which is made up of plant tissue (a collection of cells) and will become the fruit once the flower has been fertilised.


Even though it is protected by the ovary, the ovule’s main role is to be on standby to receive a sperm cell when the opportunity arises. The entrance to the ovary is via a complicated overhanging device in the form of a long corridor, or style, directed towards the sky. This is covered by a flat structure which is often bilobate, trilobate or even ribbed, known as the stigma. Like a door, the stigma provides the gateway between the world outside and the isolated world inside the flower, home to the precious ovule. The style and the stigma together form the pistil and, with the ovary, combine to make up the female reproductive organ, or carpel. In most flowers, the ovary is in the centre, surrounded by stamens, which are in turn encircled by petals to form the corolla, as well as another layer of plant matter called the calyx. This is often made of hard, green structures that protect the flower when in bud. This outer layer is made up of sepals.


The plant is said to be fertilised when the ovule combines with a sperm cell. They become fused together to form an egg cell that goes on to become an embryo and then a young plant in its own right, a blend of male and female genes.


Fertilisation requires a transport mechanism before it can take place. But since plants can’t move, they have developed strategies to bring about this fusion. And it is precisely this evolutionary process that has led to the often extraordinary methods by which plants reproduce.


Pollination: its place in the long history of reproduction


Over the course of evolution, the arrival of flowers marked a turning point in the quest to circumvent the problem of immobility. As soon as pollen appeared on the scene, transportation became a possibility. In other words, the plant itself doesn’t move, merely its tiniest units, pollen grains, which in turn transport the sperm cells. It is thought that the act of pollination dates back some 250 million years BC to the Triassic period. In plants, fertilisation occurs twice: one of the sperm cells comes into contact with the ovule, while the other comes into contact with the surrounding tissue in the part of the ovary known as the micropyle.


This double fertilisation process allows seeds and fruit to form. If this fruit is fleshy and surrounds the seed, it plays a very important role in reproduction as it attracts animals, which eat the fruit and swallow the seeds. The fruit is digested, but this rarely happens with the seed, which tends to be rather solid and can be found intact in animal faeces deposited hundreds of metres from where it was first eaten. This seed will in turn become a new plant. This is a success story for the species in question: once again, it has overcome the problem of immobility to colonise the surrounding environment and thrive within the ecosystem: this process is referred to as dispersal. If we examine plant reproduction in more detail, we need to bear in mind that it comprises a number of successive stages involving a range of strategies used by plants to compensate for their immobility. These stages include pollination in the first instance (during which the pollen is transported), immediately followed by fertilisation, which takes place inside the flower, after which the seed and fruit grow to maturity and finally the seeds are dispersed. This might come about via animals, as in the case of fleshy fruit, or by the wind, as happens with dandelions, or even by water, such as when coconuts are carried from island to island.


This book will focus on the first part of the plant reproductive cycle: pollination, which precedes fertilisation.


We’ll leave the sequel to this story for the time being; it only starts to unfurl when the flowers have faded...


Wind pollination


What better carrier could you wish for than the wind? As a force of nature, it covers all four corners of the world (apart from a few dark forests where it’s just too hot for either wind or pollinators – in these dark nooks and crannies, flowering plants have to resort to self-fertilisation, as in the case of Holcoglossum amesianum, an orchid found in China). Wind is able to carry grains of pollen over huge distances; pollen from the Scots pine has been found in Spitsbergen, some 750 km north of the Russian coast.


Yet wind pollination also has its downsides: pollen grains are dispatched into the air as soon as the anthers ripen and release them. This means they can end up anywhere, including on flowers where they will serve no purpose. Wind is an inaccurate carrier, leading to major losses. As a result, flowers that use the wind for pollination produce vast quantities of pollen grains and these are often very small and light. Some flowers have even discovered a trick for making the best possible use of updraughts: each grain of pine pollen is equipped with two air balloons to make it even lighter.
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Three bees (Apis mellifera) returning to their colony after gathering nectar and purple pollen from phacelia flowers (Phacelia tanacetifolia).





Pollination by animals


An epic love story that first began some 120 million years ago, this tale of a symbiotic relationship between flowering plants and pollinating insects, notably the honeybee, has woven its way through the succeeding millennia, yet it’s more than just a passion, it’s a history of co-evolution. These species evolved at the same time, developing extraordinary links which have often led to them becoming dependent on one another. The way these animals feed and flowering plants reproduce is an outstanding example of good practice.


Beware of self-pollination!


If we are to understand why it’s so important to have access to reliable pollen carriers such as bees, we need to remember that flowers abhor self-fertilisation. This is what happens when pollen from a flower lands on the pistil of the same flower (the sperm cell from one flower comes into contact with the ovule of the same flower). Given that over 80% of plants have flowers with both male and female organs (so-called hermaphroditic flowers), there is a very high risk of this occurring and it does in fact sometimes come about. Some species, like peas, do self-pollinate and, as a result, their breeding lines, and the long-term survival of the species may be in jeopardy. In other words, self-fertilisation and self-pollination are not dissimilar to inbreeding in humans. By keeping themselves to themselves, there is a complete lack of genetic mixing.


The genes of both parents are identical; this means that there only needs to be a tiny adverse mutation in the parent plant and this will be passed on to the next generation, where it may remain in the population ad infinitum. Such mutations may include deformed fruit or the plant being unable to withstand cold. However, with cross-pollination (where pollen is transferred to another flower), there is the hope that at least one of the two parents won’t display this mutation and that their offspring won’t have it either. In other words, cross-pollination is the holy grail of all plant species because it guarantees genetic diversity, along with the ability to evolve and adapt to the environment in which they grow, especially when events like forest fires and deforestation can cause habitats to change considerably.
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The iris (Iris germanica) attracts pollinators by its scent and complex, colourful structure.





How do flowers attract pollinators?


To create the ideal conditions to allow animals to carry their pollen, flowers have become adept at advertising their wares, displaying remarkable complexity and efficiency thanks to the use of different colours, shapes and scents. These are just as pleasing to the eyes and noses of human bystanders, who have played an active role in selecting varieties to brighten up gardens and balconies, as well as producing beautiful bouquets of flowers. So, these are essentially the seduction tools used by flowers to attract pollinators. The petals act as flags that enable flowers to be identified from a distance against a predominantly green background. The size of the flower is also significant: the larger the flower, the easier it is to spot.


Flowers emit scent when their pollinators are most active. These scents are picked up by the insects’ antennae and are often the first marker leading the way to the flowers. which in turn seem geared to encourage visitor loyalty, tempting the insects to return as often as possible.


Even before humans evolved on the planet, and certainly before they invented money, flowers had worked out how to set up a barter system. Most flowers reward their carriers by providing them with food. The first part of the bargain is the precious pollen, which allows fertilisation to take place. But pollen is also a very important food source for many pollinating insects. Many flowers, roses and poppies among them, go all out to advertise their pollen stocks, producing large quantities to attract insects.


A great many flowering plant species reward insects for their hard work by providing them with nectar. This is a sugary solution rich in vitamins and natural antibiotics, which is produced in nectaries at the base of the flower, below the stamens and the pistil. This nectar is collected by honeybees, dehydrated and transformed into the precious resource of honey, providing bees with valuable reserves to see them through the winter months. Honey provides the bees with energy to keep the hive warm. While pollen is an important source of proteins and lipids, which are particularly useful for larvae in their growth phase, nectar (and therefore honey) is a source of sugar used for motor functions such as flight or shivering – which the bees do to increase the temperature in the hive in the depths of winter.


This liquid is so beneficial for the various animals visiting the flowers that some insects like bumblebees have found a way to access this precious booty when it’s hidden away deep inside the flower: they drill a little hole at the base of the flower and then suck out the nectar from the outside. But this constitutes theft and definitely isn’t playing the pollination game – their bodies don’t even come into contact with the pollen in this scenario.


How do they end up covered with pollen?


While the purpose of flowers is to flag up a food supply for certain animals, the architecture of the flowers is cleverly designed to make sure that any visitors leave smothered in pollen grains. Any pollen remaining after insects have finished grooming themselves, a very frequent occurrence, may possibly end up on the pistil of another flower. There’s a great deal of wastage, however. To give you an example, only 3% of the pollen from Disa orchids reaches another plant. The rest remains in situ, where it may rot, be used for self-pollination, carried away by the wind or washed away by water – or may quite simply be eaten. Then there are potential losses in transit via the pollinator. All of which means that, in this particular orchid, only 1% of the pollen produced by one flower is likely to reach the pistil of another flower.


A huge range of pollinators


Despite this significant wastage, pollination by animals is still more efficient than wind pollination. So effective is it that the wider flower family has elected to diversify how it interacts with the animal kingdom: some flowers are pollinated by birds (such as the bird of paradise flower and hibiscus), others by bats (like callistemon, banana plants and the baobab tree), and, even more rarely, some are pollinated by lizards (such as Roussea), small marsupials (callistemon) or even snails (some species of morning glory). Insects such as honeybees are often quoted as examples of pollinators, but we should remember that 90% of bee species are neither domesticated nor social animals and that butterflies, beetles, flies or even ants also have a major role to play in pollination.


Life doesn’t just revolve around food!


Although food is vital for all creatures, it isn’t the only trick up a flower’s sleeve. Flowers can also supply pollinators’ other vital needs. Warmth is a case in point. Many flowers like poppies, tulips or sunflowers provide warmth for insects that tend to be on the chilly side... Other plants provide meeting places – with giant waterlilies playing host to tiny beetles – or even egg-laying sites, as in the case of fig trees and the fig wasp, Blastophaga psenes. Some flowers even go so far as to put out misleading advertising messages: they imitate egg-laying sites (arums), or even sexual partners, as in the case of certain orchids – anything to attract those sought-after pollen carriers!
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A buff-tailed bumblebee (Bombus terrestris) caught in the act of stealing nectar from an abelia flower (Abelia grandiflora).





Lifting the veil on botany


These natural exchanges between flowers and animals, or even between flowers and environmental features such as wind or water, give rise to extraordinary stories that bear witness to the complex ways in which plants have evolved in order to survive. In this book, we have selected 50 of the most important examples – in our opinion at least. It goes without saying that we could have written a great deal more on this subject, if not several books’ worth, if only because the mystery and magic of pollination is evident in a great many species, from the simple daisy right up to the grandest chestnut tree. But our aim, with this book, is to provide an introduction to this subject, an invitation to observe the living world before attempting to explore it further.
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The centre of a poppy (Papaver rhoeas) is darker than the rest of the corolla so that it retains heat.
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The arum lily (Zantedeschia aethiopica) attracts flies by emitting odours that are typical of their natural egg-laying sites such as animal droppings.





We hope to delight you with these tales of charm, seduction and intrigue, all playing out before our very eyes and creating an explosion of springtime colour in our meadows, woodlands, verges and fields while allowing biodiversity to flourish.


You may decide to use this book as a field guide, or perhaps even as a story book. However you use it, it will make you aware of these fantastic stories wherever and whenever you are out and about. Or you can simply leaf through it and wonder at Mother Nature’s miracles.


The importance of pollination for humans


These plant species are vital if humans are to survive on Earth. Most of what we eat comes from plants that produce flowers or are even flowers themselves: you might well have eaten deep-fried courgette flowers or perhaps even elderflower fritters? But even if these delicacies have passed you by, we’ve all eaten vegetables, fruit or cereals, and used all kinds of flour or oil in cooking. Plants form a fundamental part of the human diet and all plants will have started off as seeds before being harvested. In other words, every plant is the result of an act of pollination. When you think about it, more than two-thirds of our food is linked to pollination by animals. The remaining third is mainly made up of cereal crops grown across the countryside (wheat, barley, corn, etc.), all of which are wind-pollinated. If pollinating insects were to disappear from the face of the earth, human food security would be at serious risk.


Who wants to live on a daily diet of wheat or corn when all’s said and done? Ten years ago, scientists even put a price on pollination by animals: it was thought to be worth some €153 billion a year.



Threats to flower sexuality


The gradual disappearance of pollinating insects is already well underway… When we used to spend hours in the car to reach our summer holiday destinations back in the 1980s, it wasn’t unusual for the windscreen to become so splattered with tiny dead insects that we had to make frequent stops to clean it. Yet nowadays this irksome summer chore has all but disappeared. This is tragic proof, if proof were needed, of the extraordinary decline in the number of insects over a period of just 30 years! This finding was confirmed by a Danish study that recorded an 80% drop in the number of insects crushed on windscreens between 1997 and 2017. Other more complex studies have found the same trend: a rapid reduction in very many types of flying insects. This trend is particularly noticeable in Europe and the United States. Why has this happened? The insects’ habitat has been destroyed by agriculture and urbanisation, along with extensive use of pesticides, and climate change has caused certain species to migrate or has led to them becoming extinct. It is possible to assess the health or otherwise of honeybee populations, and the decline in colony numbers over many years, across a wide range of countries, is much greater than natural rates would suggest. These trends are undoubtedly linked to a large extent to the widespread use of pesticides and the scarcity of insect food sources, but also to increasing pressures from predators or parasites and to climate change itself. Climate change has an insidious role to play in disrupting the harmonious relationship between flowers and pollinators: it changes flowering times. Flowers are starting to open earlier, while insects, which are less susceptible than plants to these changes, are only active a little later. This phenomenon is only too apparent in almond and cherry trees: it means the plants are unable to reproduce and insects no longer have access to their food source. Human activities have a significant impact and the ability to disrupt the long and magnificent history of pollination. We hope you will find this story as fascinating and as stunning as we do.
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Apple orchards in full bloom in springtime in the South Tyrol; these trees attract a great many insects, which are essential for pollination and hence for the production of fruit.
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The most important pollinators are from the Hymenoptera order, e.g. honeybees, buff-tailed bumblebees, European orchard bees (Osmia cornuta) or carpenter bees. Then you have the Diptera order: hoverflies, Psychoda flies; followed by Lepidoptera such as the peacock butterfly or hummingbird hawk-moth. Some members of the Coleoptera order, including ladybirds or beetles, are also pollinators. Other Hymenoptera species may occasionally pollinate flowers too; these include ants and wasps.


Tropical flowers are pollinated by a great many birds, notably hummingbirds. There is also anecdotal evidence to suggest that bats, lemurs, marsupials, geckos and even one particular species of small snail can pollinate specific flower species.













BINDWEED & IPOMOEA


Trumpets of glory


Gardeners have a love/hate relationship with these climbers. One is an elegant plant adored for its beautiful flowers, but the family also includes a despised plant to be hacked down at all costs, as it has a tendency to become invasive. Both belong to the same family of flowers with similar properties: Convolvulaceae. The name comes from the Latin verb convolvulare – to entwine – as they have a habit of winding themselves around any support. One of the main characteristics of these climbers is that they tend to suffocate any plant unfortunate enough to be used as a support, swamping them in the process. One member of the family (bindweed) can be found in the Old World, while the other, native to the Americas, has become naturalised in many gardens on account of its stunning purple flowers.


Convolvulaceae flowers are very distinctive and their anatomy guarantees successful cross-fertilisation. They have large funnel-shaped (or infundibular) flowers. This shape is practical in a number of respects: it protects the reproductive organs at the base of the flower and it provides a simple way of locating the nectar and pollen: right in the middle. This allows insects to approach the food source from any direction. In both bindweed and ipomoea (commonly known as morning glory), protecting the reproductive organs is a family trait: bindweed flowers close up whenever the sun goes in or at any sign of a cloud heralding rain that might discourage potential pollinators and risk damaging the heart of the flower. Ipomoeas, on the other hand, shut up shop at dusk to protect their flowers from nocturnal predators. As soon as day breaks, the corolla unfurls back into its typical infundibular shape; this is where its common name, morning glory, comes from.
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SCIENTIFIC NAME


Convulvus sp. and Ipomea purpurea


FAMILY


Convolvulaceae


HABITAT


Bindweed: fields, wasteland, roadside verges


Ipomoea: tropical regions, open position


WHERE TO SEE


Ipomoea can be grown from seed and cultivated in gardens. Bindweed can be found in its natural habitat.


FLOWERING SEASON


June-October







STRATAGEM


The funnel-like shape of these flowers makes it easier to access the nectar, located right in the heart of the flower, while forcing insects to pass over the reproductive organs. This means the pollinator gets covered in pollen or has to deposit pollen from another flower on the pistil.





The corolla is made up of five petals, joined from the base to the tip. This geometry continues inside the flower, with five pollen-bearing stamens, which emerge from five carpels that ensure access to the nectar. The pistil projects from the centre of the stamens, is slightly longer and therefore away from the pollen source inside its own flower: this is a good way of avoiding self-pollination.


Once a bee or bumblebee identifies the Convolvulaceae flower by sight (these flowers have no scent, so flower fragrance doesn’t have any part to play here) and flies in, it plunges its head, and with it, its whole body, right down to the bottom of the flower, inserting its tongue into one of the carpels, where it proceeds to feast on the nectar. On quickly exhausting the nectar supply in that carpel, it inserts its tongue into the next and the process starts again. One by one, the Hymenoptera will systematically empty the five nectar-filled carpels, not unlike the chambers of a revolver barrel. This structure forces the bee to visit all the nectar-bearing carpels before it has had its fill, keeping it in the flower for longer, moving all the time. In the process, it becomes coated with pollen, which is why this kind of structure is often described as having a ‘revolver architecture’. Once satiated, the bee flies off, its back smothered in pollen, only to spot another Convolvulaceae flower from the same species and fly straight in. (As long as the insect is among bindweed flowers, it will keep on going as it’s easier than having to think – otherwise known as flower constancy.) As it enters, there’s a good chance it will come into contact with the stigma borne by the long style of this flower, depositing the pollen gathered from the first flower. And there you go: the bee has played its part in the cross-fertilisation cycle!


This kind of fertilisation is very typical among Convolvulaceae flowers and seems to have led to a very strange relationship observed in one exotic species, Volvulopsis nummularium, which is found in India. This member of the Convolvulaceae family is still infundibular, but does not shy away from rain as bindweed tends to; on the contrary, although it is pollinated by Asian honeybees on sunny days, it remains open even when it rains, in the hope of attracting a rather unusual visitor. On rainy days, a small snail pokes the tip of its shell deep inside the funnel-shaped flower of the Volvulopsis. Allopeas gracile (graceful awlsnail), with its pointed shell, is a frequent visitor and pollinator of Volvulopsis.
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Ipomoeas close their flowers at night to protect the pistils and stamens.
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Waking Up: A Girl of the Kōka Era, Tsukioka Yoshitoshu, 1888.
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Blue rock bindweed (Convolvulus sabatius) has characteristic funnel-shaped flowers.













POPPY


Black hearts


Freshly ploughed soil is perfect for poppies and it’s in springtime that they can be seen at their best: huge red flowers with black hearts spilling over field margins before the crops are ready to harvest. The poppy (or field poppy) is one of the cornfield flowers that tends to grow amongst grain crops. The history of the poppy is closely linked to the history of agriculture itself. The field poppy is the descendant of a plant which is still found to this day in the Middle East, in Mesopotamia, where agriculture first originated. As people began to travel further afield, agricultural practices spread throughout the world and the poppy evolved to accompany this surge in global agriculture.


The poppy flower is as graceful as it is fragile, and extremely short-lived. The hairy, green buds, shaped like miniature rugby balls, start to stand tall in the early morning, then the petals, creased and rumpled inside the bud, emerge from their protective casing and begin to unfurl. In no time at all, four brilliant red petals spread out like wings, losing their crumpled early-morning demeanour in the process. By 7 o’clock, the flowers will be fully open: let the feast begin! Right in the heart of this scarlet bowl is a veritable banquet: a black coronet comprising hundreds of stamens containing billions of grains of pollen ready for all comers. No nectar, though: the poppy is one of the very few flowers that only rewards its pollinators with pollen. And the poppy is dependent on insects; the anatomy of the flower is not designed for optimum anemophily (wind pollination). They rely on pollen from another flower if they are to form seeds: the rows of stigmas arranged in a star shape around the large central style will only accept pollen from other flowers.
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SCIENTIFIC NAME


Papaver rhoeas


FAMILY


Papaveraceae


HABITAT


Cereal crop and cornfield margins, banks, roadside verges


WHERE TO SEE


Just before the crop starts to turn golden, on roadside verges, often accompanied by cornflowers. Some species of horticultural Papaver can also be cultivated in gardens and on balconies. The opium poppy is a Papaver grown on a large scale in fields to produce drugs such as morphine.


FLOWERING SEASON


May-September







STRATAGEM


The flower is red, a colour that doesn’t attract bees but emits ultraviolet light and signals the presence of pollen at its heart by a difference in heat that insects pick up on. Ultraviolet light and heat, neither of which is visible to the human eye, are very useful in helping insects track down pollen, which the poppy produces in vast quantities.





The reason why poppies manufacture so much pollen is that a large proportion of these grains will end up in the pollen baskets on the hind legs of bees and bumblebees after they wallow in this profusion of pollen and take it back to their colony. But this free-for-all is very short-lived; by 11 o’clock the scarlet petals will start to droop and then flutter to the ground by midday. The truth is that poppy flowers usually only last for a morning, or perhaps one day if they’re lucky.
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