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Opening the Back of the Clock

[image: ]
On a cool, blustery March morning I arrived at St Mary the Virgin Church in the coastal town of Rye, a once notorious smuggler’s haven in East Sussex. I paid a small fee to gain access to the tower, which promised the best view in the town and thanked the old lady who took my money for her warnings: ‘There are eighty-five steps. And mind your head!’

My pulse throbbed below my jaw as I paused next to the turret clock that had been installed in 1561, making it the oldest of its kind in the country. I scanned the open workings of the antique timepiece, looking from the pendulum to the escapement and then from one dark metal cog to another, trying to make sense of the elaborate mechanism. But I am no horologist and much of it remained puzzling.

The Rye turret clock has a claim to fame beyond its great age: it once struck an Orwellian thirteen. After many years of wear, the notch for the number six failed, the holding arm bounced out and the clock struck seven more times instead of six.

At the top of the tower, a plastic owl was meant to scare the pigeons, but it failed to fool them and they shat where they pleased, coating the wooden beams with their mess. I squeezed past stone walls and guiding rails, around the church’s mighty bells, before lifting a narrow wooden trapdoor and emerging into bright grey light and cold air. A narrow walkway wrapped around the church’s spire and offered a view worth double the climb. I could see for miles in all directions and the land offered up its history. The river Rother cut bright curves on its way past two castles, many churches and a smuggler’s watchtower.

The rooftops below were bright green on one side and bright orange on the other. Two seagulls perched on the apex, the line dividing green from orange, and a third swept in and joined its colleagues. The birds faced towards the orange and had their backs to the green side of the roof. They confirmed there was a southerly breeze. Unlike the old clock in the tower, I could decipher the workings of this instrument without effort.

The orange colour on the roof was a lichen called Xanthoria, which turns a more determined golden colour in direct sunlight; it is much more common and much brighter on south-facing roofs. The green was a mix of algae and mosses, more common on the shaded, damper north side of roofs. Perching birds face into the wind – it stops their feathers ruffling and allows them to take off quickly. They acted as a weathervane and, paired with the colours on the roof, gave me information as easy to read as a clock face.

An hour later, I was walking out of Rye towards the sea under clearing skies. The yellow daffodils were in bloom, and there was a sprinkling of green dots in some trees but most were still bare. I could hear a single songbird, a chaffinch, and the pale wings of a butterfIy passed at the edge of my vision. I sensed early spring in the land, but had no real understanding of what was going on in the clock. Why did I see a flower, a butterfly, and hear a bird when I did? What unseen forces regulated these individuals? I had spent decades walking through landscapes, growing more confident in my reading of Nature’s signs for navigation, but all the time I was half blind to the timekeeper behind them. I decided I wanted to change that, to open the back of the seasonal timepiece.

How do the plants and animals know what time of year it is? What part is played by the sun, moon, stars and weather? By investigating the inner workings of the seasons, we learn when, how and why things change. Next, we discover the key moments to look for, which lift our focus from science to experience. Soon we find we can anticipate and celebrate predictable changes, which few notice, and decipher any surprises. When Nature strikes thirteen, it’s good to know why.

Some of the most rewarding observations are seasonal but not confined to a single month. In this book I want to share the best times to seek out some of my favourite clues and signs in nature, but also to reveal why they appear when they do and why that sometimes varies. January comes towards the end of the book for a reason: the unorthodox calendar I have chosen will give you the best chance of success early on, then lead you towards a less explored place. By the end of the book, you will no longer see seasons in terms of months but, instead, identify more than one season in each day and know how to unwrap and decipher each moment.

My first tip: see nothing in isolation. If you notice one thing, notice two and try to leap over an imaginary boundary. There is nothing wrong with noticing that two plants come into flower at the same time – it is an observation that will pass most by – but try to take an extra step and make a pair with another part of the nature spectrum: a blossoming flower with a bird’s song; a falling leaf with a cloud shape; a constellation with a scent. Soon we will meet the science that explains the pairings but, as our ancestors knew long before we uncovered the science, there is satisfaction in the pairing alone. It sharpens our powers of observation, deduction and prediction. And it’s joyous. When we know what to look for and what it means, seasonal moments that were once hidden suddenly shine brightly.
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Late February
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Mast Flowers

—

Bulbs and Perennial Punctuality

—

Catkins

—

Small Leaves

—

Long Memories

Mast Flowers

The natural year has no formal start date but, if we know what to look for, the second half of February is when we see the wheels turning. Some plants get a head start, showing leaves or flowers weeks before others. But how and why?

The overnight rains had cleared and cars pushed puddles in arcs over the pavement. I was early for my meeting with Professor Rosemary Fricker at the Cambridge University Botanic Garden. Professor Fricker is a neuroscientist who has researched the neurobiology of diseases including Parkinson’s and Huntington’s. She also leads a team of phenology researchers at Cambridge University Botanic Garden where they call her Rose. Phenology is the formal study of seasonal phenomena.

Rose had kindly invited me to join the researchers on their routine patrol of the gardens to record seasonal events in a carefully chosen selection of the eight thousand plants that grow there. This is part of a plan to improve our understanding of the plants’ seasonal responses to external influences, including changes in climate. At Cambridge they are introducing nuance. In the past almost all records were binary – a plant was either in flower or not; there were no shades between. But at Cambridge they are refining the process and using increments, marking some plants as 30 per cent in flower and others at 90 per cent.

Questions started flowing to Rose. A tall postgraduate called Edward stopped us as we passed an alder. His finger flicked over the iPad in the crook of his arm. ‘Do I mark this alder as a hundred per cent in flower, 50 per cent in flower or zero per cent in flower?’

I was intrigued. How can a tree be fully in flower, half in flower and totally not, all at the same time? It turned out that the database software didn’t differentiate between male and female flowers. The male flowers were out, but the females weren’t. Edward felt this qualified as 50 per cent in flower, but Rose told him to mark it as 100 per cent, but to add a note that they were males only. The small dilemma was testament to the fresh detail the team were recording.

We passed a Persian ironwood tree with dark bark that had peeled away in great swatches to reveal a golden honey colour beneath. I learned that this ironwood blossomed strongly on alternate years, putting on a magnificent display of flowers one year and underwhelming the next. Many trees have ‘mast years’ in seeds – when an oak or beech, for example, puts out a bumper crop every few years to inundate greedy grazing animals and improve the chance of a seed to take root – but I had not expected to find this habit in tree flowers.

At the edge of the path, the sunlight caught a sprinkling of white snowdrops and then the bright yellow of daffodils.

Bulbs and Perennial Punctuality

Daffodils are one of the landmark flowers that herald the loosening of winter in many parts of the world. They have much in common with snowdrops, although they look quite different, much taller, with bright yellow trumpet flowers. Both are geophytes, plants that store resources like carbohydrates below ground in unfavourable seasons, which gives them a huge advantage in the cold pre-vernal months.

Annual plants complete their life cycle in a single year, germinating, flowering and spreading their seed over a few months. It is a strategy that clearly works, as any horticulturalist will tell you: leave a patch of fertile earth bare for a few warm months and some enterprising annual plant will call it home. Gardeners call these opportunists weeds, but the shaming does little to deter them.

There is a major drawback to the annual strategy – it means a standing start in spring. Annuals have a tiny reserve of energy in the seed, just enough to fuel some root growth and a green shoot to poke its head above the soil, but that is all. From that moment onwards, the annuals are on a tight budget, and they can use only energy they have harvested from the sun, which makes them shy as winter weakens. They simply can’t hope to reap enough sunlight to sustain the growth they need to survive in February, let alone January. That means we don’t find annuals winning early-spring races.

Geophytes are perennials, growing for many seasons, and this allows them to prepare more thoroughly for the following year. They draw energy down and store it below ground in organs like bulbs, tubers or rhizomes. This gives them a head-start the following year and they can start growing, sometimes even flowering, before the sun is high and strong enough to provide energy. To the annuals, this arrangement is grossly unfair, but Nature is never one-sided: at the end of the growing season, many annuals throw thousands, sometimes millions, of minuscule seeds into the air. The geophytes can’t copy this strategy as their plan revolves around big, heavy bundles of energy.

Wherever you are, the first flowers you see as winter surrenders slowly to spring are very likely to be geophytes.* I see snowdrops, crocuses, lesser celandines, anemones, daffodils and bluebells passing on the baton to each other as spring matures, beating most annuals into flower by some margin. The early purple orchid has root tubers that help it earn the ‘early’ in its name. If we see plants poking above the soil very early in the year, we can think of icebergs – a fuller story lies below the surface.

There is a second deduction we can make too. If a plant surprises us by getting going earlier than most others in that habitat, it is much more likely to be a perennial than an annual. The stinging nettle is a good example of this: its flimsy form pops up in so many places near humans each year that it has earned a reputation as one of the most opportunistic weeds. That ubiquity might make us suspect an annual, but each year it gets going early. Its shoots and leaves poke up before most of the neighbouring plants, the clue that it’s a perennial and, barring intervention, will be back in that spot next year. Punctuality means perennial.

Catkins

Rose had a challenge for me and led me to a hazel, a tree species I thought I knew well.

‘Can you spot the female flowers?’

Hazel trees are monoecious, with male and female flowers growing on the same tree. But, as is normally the case with flowers, males and females are not equal in size, shape or colour.

As I searched, I played with the male flower, a catkin, in my left hand. It was one of the hundreds of thin pale green cylinders that hung down and pointed at the ground. Each catkin is a bundle of about 240 smaller flowers. It took a little scouring of a branch, but I did finally spot the diminutive female flower. Protruding from the branch there was a small green bud, barely bigger than a Tic Tac, with what at first appeared to be a magenta-red spider at its tip. The bright red ‘legs’ were the ‘styles’ of the female flower.

I won’t be the first to have found the practical implications of monoecious trees confusing. Why have male and female sexual organs on the same plant? Won’t they just fertilise each other? In which case, what’s the point? The main biological advantage of clumsy, depleting, risky, unpredictable sex is to introduce new genetic material to the offspring. If you are going to put male and female flowers on the same branch, why not cut out all that effort and be asexual?

The hazel, like other monoecious species, blocks its own flowers from fertilising each other. A single gene in the plant’s DNA is responsible for stopping sexual reproduction within the same plant or others with the same genetic fingerprint. This is why commercial growers of hazelnuts and other monoecious species have to make sure they keep at least two varieties within the same plot. A hazel’s ability to stop its flowers fertilising each other has a catchy scientific name: ‘sporophytic self-incompatibility system’. Try saying that after eating a dry biscuit.

The hazel’s female flowers are worth seeking out and as cute as kittens, but let us turn back to the larger, plainer, male flowers, the catkins, because they hold a phenological clue. We will see many catkins on trees in the pre-vernal weeks, when winter has weakened and spring has yawned and stretched for the first time. If we follow a series of simple logical steps, the catkins will whisper a seasonal sign in our ear.

Trees can’t move so they always need assistance to pass their pollen (plant sperm) from male to female flowers. They do this by enlisting the help of pollinating animals or the wind. There are some interesting global patterns within these habits, because almost all tropical trees rely on animals for pollination and almost all high-latitude trees rely on the wind. As we move from the equator towards the poles, animal populations decline and wind-pollination becomes more important. As we climb higher up mountains, the same trend applies, which is logical: animals find life easy at sea level in the tropics and difficult high up on a boreal mountain. The wind is undeterred by ice and snow.

The same trends work on a smaller scale within woodlands. Many of the tallest plants – the canopy trees – are wind-pollinated, but it is rarer among the smaller plants in woodland, the under-storey, as the wind is unreliable near ground level. (Short plants that rely on the wind live in open terrain, including many of the most important crops – wheat, maize, barley, rye, oats and rice.)

We will return to the animals, but catkins are a sign that a tree is wind-pollinated. Many trees rely on wind-pollination or ‘anemophily’ (literally ‘wind-loving’, from the Greek), including hazels, oaks, ashes, aspens, elms, birches and most of the conifers. On the broadleaf trees, catkins hang down or project out from the branches to catch a lift for their pollen on a breeze.

Now for the final pieces of the jigsaw. The wind slows close to the ground. Try reaching to the ground on a blowy day and you’ll find the wind appears to stop altogether near your feet. This isn’t a problem for tall trees, like spruces, firs, pines and most of the other conifers, because they reach far enough above the ground to catch a breeze, even in a valley, but it’s a challenge for the smaller wind-pollinated trees. Now add one more layer of difficulty for the small trees by covering them with leaves that snuff out the weak low forest winds. Small broadleaf trees have to beat the leaves and they do this by hanging out their catkins before leaf budburst. Catkins are a sign that we sit in the delicate season between winter and leaves, when breezes can still flow over low, bare branches.

Catkins can be eye-catching, but they are rarely as attractive as animal-pollinated flowers and tend not to have strong or interesting scents – the wind is unmoved by either beauty or aroma. A bunch of catkins would make a poor bouquet on Valentine’s Day, unless the recipient was an open-minded botanist. But they have their admirers and Rose told me her favourite plant in the whole Cambridge garden was a variety of the goat willow tree, in the Salix genus, which had a glorious display of showy catkins, fluffy white with strong tints of pink. Pretty catkins: a sign of an unusual plant, one that relies on wind and animals, in this case bumblebees.

Small Leaves

The group moved on, past a sign that announced proudly, ‘Winter Garden: a masterclass in using foliage, flower, stem, structure and scent for winter interest’. I felt like a child being pulled out of a toy shop just as I’d found the toys. I begged for a detour into the Winter Garden.

The first thing that struck me was not the plants in the beds, but the wonderful golden colour covering one side of an otherwise dark conifer. Horticulturalists breed golden varieties of many plants, including some conifers and other evergreens. This tree was a golden cultivar of the Lawson cypress – Chamaecyparis lawsoniana ‘Winston Churchill’ – and I couldn’t resist showing the group how the golden colour formed a compass. It was a much brighter, more vibrant yellow on the southern side, thanks to more direct sunlight reaching it.

Our focus moved to the main attraction, the planted beds. There were snowdrops, periwinkles, hellebores, winter aconites, winter honeysuckle, viburnum and many others, all perennials, of course. Then I spied an extraordinary bare bush, a scene of organised chaos. Picture an image that shows the neural pathways in the brain but made of tiny twigs. The bush had hundreds of thin ruddy-brown wiry stems that branched off each other constantly, as if they couldn’t stand to be part of the same plant. I had never come across such determined anarchy in a single plant before and knew there had to be good cause. Nature never does crazy, wonderful things for a gardener’s benefit. There was also bound to be a reason this curious plant had found a home in the Winter Garden so I set about quizzing my tour guides as to what it might be.

I learned it was a species of shrub with a long formal name, Muehlenbeckia astonii, with highly descriptive common names: the zigzag plant and the wiggy-wig bush. A native of New Zealand, it’s one of a handful of plants with the Maori label mingimingi, meaning ‘twisted’. It’s a favourite in exotic gardens around the world, but is struggling in the wild.

The reason for its haphazard appearance is that the branches are ‘dichotomous’: the growing buds split and fork into two branches instead of continuing growth in a straight line. This weakens the plant’s structure and means it can never grow mighty – tall plants have a single stem and the tallest trees a single trunk. But it offers one important evolutionary advantage. It makes such a mess that grazing animals struggle to penetrate and nibble the foliage. It is a cunning defensive strategy, an ‘anti-herbivory’ tactic, and a sign that the plant has evolved to live alongside grazing animals. Crazy branches on wild shrubs mean hungry animals nearby.

The seasonal answer lay in a different part of the plant. Plants need to gather a certain amount of solar energy over the course of the year and have to choose the size of their leaf. Some plants are in a hurry and throw out massive leaves, which harvest the light quickly, but why don’t all plants do that? It isn’t a strategy that works well in exposed or extreme places: the bigger and floppier a leaf, the more vulnerable it is to injury from wind, cold, dehydration, heat or even sunlight. That is why big leaves are more common in shady places. We don’t see large evergreen leaves in temperate zones – but there are plenty in the tropics, with little risk of frost or drought. The hazel tree puts out catkins very early but its large leaves come much later.

Small leaves can cope with testing conditions, but they take longer to get the job done. Plants with small leaves need lots of them and longer seasons than plants with big leaves, but that’s fine – they’re hardier and much better suited to dealing with the weather outside summer. The small leaves of the zigzag bush are out for much longer than most deciduous shrubs, so long, in fact, that the plant is termed ‘semi-evergreen’. Conifers take this tactic to extremes with their tiny needles and year-long green seasons.

[image: Muehlenbeckia astonii in two different forms. Left: intricate, tangled branchlets. Right: contrasted softer form with stippled pattern of small dots.]
Muehlenbeckia astonii, the ‘wiggy-wig bush’

Long Memories

Margeaux Apple, the collections coordinator, explained that they keep paper and digital records of each species in the Cambridge garden.

‘We work in curation … we consider ourselves a type of museum. You know if you see a Picasso in a gallery, you can back that up with information about its provenance. With our plants we can tell people when we got it, where and who from. Our records should do that for each of our plants. I should be able to give you their provenance.’

The team logged the full background of every new plant, not just the exact species, but where it came from in the world precisely. We’re not talking about another botanic garden, but the plant’s heritage and its journey to its new home: its neighbours, its coordinates, how it was received. Was it wild? How exposed was it? Was it on the south-facing slope of a mountain?

‘When we collected plants in Kyrgyzstan, we noted all of this information and passed it on to the horticulturalists to help them plan where to plant it. It can then be used for future conservation, because we can tell other organisations that we have plants from very specific genetic populations that perhaps nobody else has. But we also do audits to see how a plant is doing each year, which includes when it blooms and when it fruits.’

Gathering so much detail about the provenance of plants may seem extravagant. Surely if we know the exact species of a plant and understand its environment, we also know its nature and nurture so we have all the information we need to predict and understand its behaviour. Not quite. On our walk, we passed a Ginkgo biloba tree, a fascinating specimen, which sits in a lonely part of the genetic family tree. Ginkgos are extraordinary trees, living fossils, like crocodiles, that once survived only in the valleys of China; it is still treasured there for its role in traditional medicine. It is a tough tree and has now spread, with help from humans, across the world and we understand it well. We know that it can thrive in a range of soil types, and can cope with root compaction and heat much better than most other trees – hence it is one of the most popular trees in New York City. We know the Ginkgo species; we understand how it responds to its environment. That completes the picture and allows us to predict the full story of the plant. Surely that’s all there is to it. That was the prevailing view for about a century, but there is an intriguing twist to the story. Each year we learn more about the memory of plants.

Plants carry over experiences to future generations. We know this to be true, observations prove it, but the science is still young. For many years it was believed that two plants with the same genes could be expected to behave in near-identical ways if planted in the same habitat. Now we know there will be variation thanks to epigenetics, the way certain genes may be ‘switched on’ or not. The environment influences this for living plants and animals, which we would expect, but scientists were surprised to discover that the switch leaves ‘marks’ on the DNA that can be passed on to the next generation. This has profound implications for all organisms, including humans: our lifestyle before we became parents may change the development of our children, even though we pass on the same genes. For example, men who smoke before becoming fathers may make asthma and obesity more likely in their children – even if they never smoke a single cigarette after the child is born. It is possible in theory, but too early to know, that smoking a single cigarette in adolescence could affect the life of a grandchild. There are hopefully as many positive implications in epigenetics: could reading Shakespeare in adolescence improve the prospects of the children we have?

Back to the plants. Before moving to Cambridge, Margeaux worked at Holden Forests and Gardens in Ohio. Even though it was February, I couldn’t resist asking her about the colours of maples in autumn, whether she had noticed any patterns that might help us predict the timing of the display.

‘We had a bunch of red maples – Acer rubrum. It’s an incredible tree. Its range goes from Nova Scotia all the way down to Florida. But the ones from Minnesota, every year they were first to turn red and the first to drop their leaves. They were prepping, right? They said, “We’re in Minnesota still. It’s gonna get cold real quick. We gotta finish up what we’re doing.” Every year they were the first.’

How did those trees know they were from Minnesota when they had spent so many years in Ohio? They had the same genes as their slower neighbours, so the answer was deeper than that. Something was going on, very possibly epigenetics, that meant they had a long memory. And we know from the habits of other trees that it is highly likely their offspring will be early to turn red too, even though they’ve never spent a minute in Minnesota.

Whichever month we are in, the season we see will be shaped by current and recent conditions, as well as events long ago.
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Seeing the Light
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An Early Mystery Solved

—

How Plants Read Their Calendar

—

Tinkering and Discoveries

—

How Animals Read Their Calendar

—

A Major Weakness

At high latitudes, as we draw closer to the North or South Pole, there is not enough solar energy to sustain large organisms year-round, and in some weeks of the year life may be restricted to a few lichens having a difficult time. Closer to the equator, in the tropics, there is always enough energy, and patterns are dictated by water levels. There are wet and dry seasons, but no summers or winters as we know them.

In this book we focus on the northern temperate zone, a part of the world that swings between fat and lean energy times. Nature has worked out that for most organisms in this zone it makes sense to start again each year. They are trying to complete the major functions of life – taking on water and food, growing and reproducing – in the window when millions of years of experience have proved their chance of success is best.

The lurch between extremes of energy and action puts on a show in all seasons, especially spring and autumn. But this is not gentle theatre for the performers, it is the most barbaric circus – one small mistake and death follows swiftly. Give birth or unfurl leaves before a major cold snap and it might be your last mistake. Each year the plants and animals must step into the Coliseum of spring. Evolution has honed their sense of timing, giving them the best chance of survival, but how? We also know that timings vary from year to year, but why? Let’s unscrew the back and peer inside the seasons’ clock.

It contains many pieces, some big, others tiny, and we’ll go through them until we understand how Nature keeps time. At first, we’ll focus on spring and lean a little more towards plants than animals, because it will be easier to see how the mechanisms work. Plants underpin animals. All animals rely on plants, directly or indirectly – herbivores eat the plants and carnivores eat the herbivores. Many birds feed their young on insects, but the insects follow the drumbeat of their food plants. The great tit needs plenty of caterpillars for its chicks and the caterpillars feed on oak leaves. If we understand how the oak keeps time, we’ll understand more about the caterpillars and birds, but also the moths that follow the caterpillars that don’t become bird food.

An Early Mystery Solved

Robert Marsham, a Norfolk naturalist, started recording signs of spring in 1736 and continued until his death in 1797, making him the father of phenology in the UK and possibly globally. Family members continued his tradition and notes on ‘Indications of Spring’ ran until 1958 when, sadly, they stopped. Marsham noted many signs that remain popular to this day – snowdrops, swallows, cuckoos and butterflies – as well as less savoury examples: he informs us that his chamber pot froze solid overnight in the unusually harsh winter of 1739.

Marsham, like everyone else, knew that days become longer and warmer in spring, which coincides with increased activity, growth and arrivals from abroad. He must have known, too, that Nature was responding to the changes, but he couldn’t have known how to tease apart the two influences.

In 1914 a young Frenchman, Julien Tournois, published research showing that hops and cannabis plants flowered most rapidly when the daylight hours were short. Unfortunately, soon after, he was killed in action during the First World War, which meant, as one commentator remarked, he was ‘unable to develop his ideas further’.

In 1920, a pair of scientists in America, Garner and Allard, performed an experiment that was beautiful in its simplicity. They sowed Biloxi soy beans over successive weeks, waited and watched. The early-sown plants had a head-start and grew to be bigger than the late-sown ones. Soon the scientists found themselves with lots of beans of different ages and sizes. So far, so predictable, but what the pair noticed next was enlightening: all of the plants, young and old, little and large, began flowering at the same time. This proved that the soy beans were not counting time from sowing to flowering, but were tuned to an external reference. Having ruled out other causes, the pair settled on the length of day, and the science of photoperiodism was born. It would be another twenty years before scientists proved that plants responded to the length of night, not day. We now know that changes in proteins called phytochromes are responsible for time measurement in plants, and that melatonin is secreted from the pineal gland in animals at night, which gives their brains a calendar.

How Plants Read Their Calendar

Photoperiodism is ubiquitous and powerful, but it is a gradual chemical process, very different from the fast ‘photonastic’ movements we see when daisies and dandelions open their flowers at the start of the day. Once an organism senses that the length of night has reached a certain number of hours, it sets in motion key seasonal processes.

Many plants flower when the day grows longer than a critical period, such as fourteen hours. They are known as long-day plants and include peas, potatoes, carnations, wildflowers and crops we see on the way to midsummer. (We live mostly by day, so the convention remains that we focus on its length, even though we know that plants and animals gauge night.)

Short-day plants flower when daytime shrinks below a certain critical period, such as eleven hours. They include some onions and spinach, as well as most of the plants that are known for cheering winter along, like poinsettias and chrysanthemums. More energy is available during long days – the sun is up for longer, and is stronger – which is one reason why short-day plants tend to be shorter than long-day plants. Think of peas climbing up supports in summer while spinach spreads low in cooler months.

Some other plants, known as day-neutrals, do not take their primary cue from the length of day or night and respond to other internal and external cues. They include many cucumbers and tomatoes.

The photoperiod clock governs many other aspects of a plant’s calendar, such as the germination of seeds, the formation of tree buds, budburst, leaf growth, branching habit, the colour of leaves, bulb development, dormancy, and readiness for frost. Tubers, as we have seen, form as part of a plant’s plan for the following year and are triggered by days shortening.

There are a few intricacies within this framework. Some plants need a certain sequence of long then short days or vice versa; others are rigid in their requirements and will not flower if the hours aren’t right, while yet others are more flexible. Oats are sticklers for long days and won’t flower without them; barley likes long days, which make it more likely to flower, but it sometimes blossoms regardless of day length.

Tinkering and Discoveries

Agricultural scientists have used photoperiodism to bend the plants to producers’ needs. During the ‘green revolution’, they developed wheat varieties that were less sensitive to the length of night, making it possible to grow them in countries nearer the tropics. ‘Night-break lighting’ – turning the lights on in the middle of the night – allows growers to tell the plants what time of year it is: by turning lights on and off, they can produce crops in line with supermarket demand, not sunset times. The horticulturalist and journalist Alys Fowler lamented the state of her indoor plants in winter and used similar tactics on a much smaller scale: ‘I can torture them no longer so I’ve changed a few light bulbs, added a few timers and now, even in my darkest corners, life grows.’

Horticulture is big business and the research has followed the money, leading to intriguing discoveries. Studies found that dormancy could be delayed in catalpa trees by extending daylight using either tungsten-filament or fluorescent bulbs, but the gap between leaves – the ‘internode’ – grew longer for the plants under tungsten. Plants are sensitive to colour and respond in different ways to light from each end of the spectrum. Light from the blue and ultraviolet end influences the way plants grow, the direction in which stems head, for example. Light from the red end shapes their concept of time. It is a bit of a stretch, but I like the idea that our choice of blue or red shirt in the morning might tweak either the plant’s compass or its clock.

Most plants have leaves that grow larger when the day is longer than the night. When plants in winter conditions are exposed to an hour of light in the middle of the night, their leaves start expanding. Potato leaves are more upright when days are long, and droop more when nights are longer. Tomato leaves turn yellow (chlorosis) if exposed to more than eighteen hours of continuous light. Grasses grow fewer but larger leaves in summer and produce more offshoots – ‘tillering’ – during short days. As summer turns to autumn, we expect leaves to change colour, but before that happens the leaves shrink: chlorophyll content reduces dramatically as the days shorten.



[image: Leaf angles. Spring: Small leaves angle upward. Summer: Shoots from the main stem; larger leaves spread outward. Autumn: Shrunk leaves angle downward.]
Leaf angles change with seasons

Some plants, including members of the Ranunculus family, grow leaves with different colours or shapes when they sense night contracting. Black locust trees have leaves that are darker and more rounded when night is longer than day, but the same leaves turn lighter, more yellow-green, and change shape to be more elliptical, when the days grow longer. Some succulent plants, including the Kalanchoe genus, have thin leaves when the days are long; they grow thicker, fleshier, more succulent as they shorten.

Seeds are sensitive to the length of day. Only a third of birch seeds will germinate if the day isn’t at least as long as the night, but 90 per cent will germinate when the day lasts twenty hours.

So, if we notice plants thriving during the long days of summer we should expect them to be taller with bigger leaves, and bigger gaps between the leaves, than plants that do well much earlier or later in the year. Short-day plants are smaller in almost every sense, often denser and bushier, with more offshoots.

Humans may experience jetlag when travelling west or east but, as we have seen, plants suffer a seasonal jetlag if moved north or south. The photoperiod calendar for each plant is set for their home latitude. When they are transported from south to north, their calendar is off: further north they are not sensitive enough to the way nights grow longer faster so they don’t prepare quickly enough for winter. Black locust trees in Russia and aspens in Sweden showed signs of delayed dormancy and frost damage when moved north.

Plants evolved in a world different from the one we have created, so they are thrown out by streetlights, which they confuse with daylight, but not by moonlight, which they have evolved alongside.

How Animals Read Their Calendar

In animals, photoperiodism governs the timing of reptile growth, insects sprouting wings, new fur or feathers, hibernation and many other rhythms. However, most animal seasonal changes link back to the reproductive cycle – the need to be in the right place at the right time for mating and to give the young their best chance. As the days lengthen, fish, mammals and birds migrate north; gonads and antlers grow. Male birds sing more frequently as the days lengthen, as their testes grow, and then, as days and gonads contract in autumn, the songs reduce. Short days act as a brake on sexual development, but can’t hold back the tide for ever.

In a series of slightly surreal experiments, scientists learned that hamsters’ testes shrink when nights are kept long and stop working altogether for a while; after a month they are growing again. Similarly, sheep remain asexual for a long period if the days stay short, but eventually mature sexually. White-crowned sparrows can be kept asexual for years if nights stay long, but spring back to fertility when long days return.

Each animal has its own schedule and there are big differences. Birds may lay an egg a day or two after fertilisation, which hatches a couple of weeks later; a horse waits almost a year before giving birth. Horses have ovaries that develop when the days grow long, but many other mammals with shorter gestations respond to shortening days. Sheep have a gestation period of about 152 days, for deer it is closer to two hundred, but both need to give birth in spring. Deer and sheep respond to shortening days, but deer start earlier. We hear the noise of stags rutting from late September and see rams at work in early November: their internal clocks have been marking off sunrise and sunset times.

Things are more complex with insects, not least because of multivoltinism, or having multiple broods per year, and diapauses, or pausing development at certain stages. Some insects, like aphids, produce asexual female offspring if the days are too long, and fertile young during long nights.

Plants sense the photoperiod through their leaves, mammals through their retinas. Birds sense the light of day through their pineal gland, and migration dates are more dependable than we might imagine, thanks to the regularity of the sun. Insects, as always, are complex. ‘Photoreception has been located extraretinally in the dorso-frontal neuro-secretory region cells in aphids and silk moths’, or somewhere on their back, near their head.

Curiosity prompted me to look into the most popular month for human births. It is September in the USA, which is nine months after the long hours indoors of midwinter. But here’s the weird thing, it’s September in Australia too, nine months after midsummer. I haven’t managed to discover why that is, but my best guess is that the festivities near Christmas lead to lovemaking regardless of when the sun rises. Did our ancestors, raising their offspring before central heating, know to get romantic in summer so as to have more babies in spring? I’m not convinced that’s how romance works in our species.

A Major Weakness

The genius of photoperiodism is that it sidesteps the current weather. No matter how many heatwaves or storms blow through in spring and autumn, the length of days and nights is dependable. We don’t know how many frosty mornings there will be next April, but we know when the sun will rise and set, even if it is behind clouds, and organisms keep time by counting dark hours, not intensity of light. (Thick clouds can nudge the clock out by thirty minutes for some species, but it won’t last for enough days to cause an issue.)

Photoperiodism works especially well in spring and autumn in the temperate zone, because this is when we experience the fastest changes in sunrise and sunset times and therefore the most dramatic changes in the length of day and night. The length of day changes more in a single week in late March and September than in the entire months of June and December.

Farmers know when to sow crops and how to manage the courtship diaries of sheep, cattle and horses, but plants and animals in the wild, as far as we know, have zero concept of future seasons. There is a temptation to anthropomorphise when it comes to the seasons,* to imagine that animals are, at some level, thinking, Better get going if we want to be ready in time for spring. But, of course, they don’t think months ahead or make plans for the future: they react to the present. Animals respond to current night lengths, which allow them to behave as though they are predicting and preparing for seasons and weather changes many months away. This is the wizardry of photoperiodism – internally clocking the time between sunset and sunrise allows their bodies to gaze into a crystal ball.

Photoperiodism has one major weakness: it is ambiguous. The day is the same length in late March and late September, but the following six months could not be more different. This is why, however clever and critical photoperiodism is, it would be risky to rely solely on it. The consequences of thinking September is March would look a lot like death. Plants and animals need to pair photoperiodism with at least one other gauge of annual time and the most popular option is temperature, which we will meet soon.
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Seesaw Moments

—

The Tadpole and the Supertanker

—

Small Changes Feel Big to Small Creatures

—

Early Elder

—

Water, Place and Time

—


The Spring Equinox

—

Rising Sap and Stone Fruits

It was one of those March days when the sun shines hot and the wind blows cold: when it is summer in the light, and winter in the shade.

Charles Dickens, Great Expectations

Seesaw Moments

You are doubtless familiar with the expression ‘four seasons in a day’ and we do get days when the weather is not only changeable but volatile with sudden shifts in mood. They mark a moment.

One day in early March, I set out on a walk into cold air, my face freshened further by blustery breezes but warmed by fulsome sunshine. I chopped my planned walk short when I saw clouds to the north that made the hills look feeble. Beating a retreat, I glanced over my shoulder at the menacing white pillars and a brisk pace kept me ahead of trouble. Respect is recommended for any cloud taller than it is wide.

Closing the door of my cabin behind me, I heard a light drumming on the roof. The percussion picked up and soon a cacophonous hammering of ice pellets bounced off the roof, the gravel track and everything else I could see out of the window. I opened the door again and stood under the parapet of the cabin roof, safe from lightning, sheltered from the icy onslaught, yet able to savour the sights, sounds and even the feel of the hail that bounced off some tree roots and on to me. The intensity was glorious, although not wholly unexpected. Hail means that a storm cloud – cumulonimbus – towers overhead. If you meet hail, it’s a warning that lightning and thunder may be brewing.

Hail never lasts long continuously. It can’t. It falls from towering isolated clouds and as soon as they pass or dissipate the hail stops. Hail can arrive in bursts, to stop and start, but that means a series of tall clouds is passing over the same spot; there will be breaks between the hail showers.

By the time the hail stopped, barely five minutes after it started, the ground was carpeted in ice baubles and I picked up a handful to study them more closely. The small ice pellets were just large enough to divine two shades. There was a pure white and a translucent grey. The white is the ice from the freezing top of the cloud; the grey is water that froze nearer the bottom. As I studied the hailstones, I felt the sun on my face again and it lit the hail, highlighting the small differences in the ice.

My walk took me to the edge of Madehurst village where my boots landed on tarmac for the first time that day. Then a March genie appeared before me. The sun cut between two trees at the edge of the road and lit the wet tarmac. Above it






























































[image: Earth orbits around the Sun. Position of the Sun, over the equator, Tropic of Cancer or Tropic of Capricorn, at the equinoxes and solstices is marked.]
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