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Introduction: The Disappearing Night

My flashlight sweeps over a demon painted black with bat wings and a snake for a tail. The creature looks as if it’s being thrown backward, light radiating from its mouth, as if it has tried to swallow the light, but can no longer resist its power. The creature of darkness is dying. I am in an eighteenth-century church in Sweden, painted with biblical themes, and in the far back you can find the most horrific devils and demons, put there to remind us of the torments of hell. But perhaps the church painter also wanted to tell us that we can overcome the dangers of darkness. From the church’s perspective, bats are the devil’s minions, filthy animals that are symbols of both literal and philosophical darkness, in opposition to the light of God. So, it’s a bit ironic that churches have so often become the nesting places of these creatures.

I continue exploring the church, climbing up a flight of stairs and stepping through a little door into the attic. On the old wooden floorboards are piles of guano and severed butterfly wings, a clear sign that the church is inhabited by the brown long-eared bat. The dusk that flickers in through the slats grows weaker, and outside the sky turns navy blue. The humid night air entering the attic carries a pleasant smell of freshly cut grass, tar, and sun-warmed wood. The bats are unwilling to show themselves from under the eaves this early in the evening, so I go outside to meet them in the cemetery and watch them alight into the summer night.

One after another they take off headfirst from the roof to the nearest tree and its protective dark shadows. In a fitful dance, they glide, inaudible to the human ear, by the red-painted wooden church, alongside the hedges and around the treetops, searching for insects. Soon the bats will be gone, swallowed by the night.

Swedish churches and their outbuildings have frequently been tended in the same way for centuries and have grown to be important havens for animals and plants in an ever-changing world. Year after year, long-eared bats have moved into turrets and attics in the early summer to give birth to new generations. In the 1980s, two-thirds of the churches in southwest Sweden had their own bat colony. Today, forty years later, research I’ve done with my colleagues shows that this number has been reduced by a third due to light pollution and other factors. Because the churches all glow like carnivals in the night. District after district has installed modern floodlights to show the architecture it’s proud of, all the while the animals—who have for centuries found safety in the darkness of the church towers and who have for 70 million years made the night their abode—are slowly but surely vanishing from these places, maybe completely.

Sitting in the cemetery in the July night, I’m not only in the company of bats. I can see a hedgehog, beetles making their way up through the grass toward the starry sky, and above the headstones caddis flies dancing like spirits. I start to relax in the gathering darkness, as all the impressions of the day are traded for more subtle experiences, and my eyes become slowly acclimated to the night. I’ve entered another dimension that few others ever take the time to visit.

It is not just the bats and I who enjoy the darkness. Most mammals are more active at twilight, such as the hedgehog that keeps me company in this late hour. Half of the insects on this planet are nocturnal, and for the last couple of years we have been drowning in alarming reports regarding their disappearance. Forestry, environmental toxins, large-scale farming, and climate change—many causes are mentioned but little is said about light, even though the light-sensitive moth is one of those most disappearing. Moths looking for nectar in the darkness are easily confused by all the lights. They either don’t fly at all, believing that dawn is about to break, or they’re disoriented by the beams of light when they try to navigate by using the moon. Exhausted, they die or get killed by predators, without having fulfilled their nocturnal mission, and thus fewer plants are pollinated. Many of us have probably seen the phenomenon out on our porch or under a streetlight—the brighter the lights, the greater the attraction. The light lures insects from forests and villages, from the countryside and into cities, depleting entire ecosystems.

Mossebo Church may lack floodlighting, but some light still reaches this place. A few lights are alongside the walking paths, and in the sky a faint orange glow can be seen coming from the nearest villages. This is light pollution—a collective term used for light that is regarded as superfluous, but which still has a great impact on our lives and our ecosystems.

The term was coined by astronomers, but is today used by ecologists, physiologists, and neurologists who study the effects of the disappearing night. It is no longer just a question of stars and insects. It is about all living things, including we humans. Ever since the birth of our planet, day has been followed by night, and every cell in every living organism has built-in machinery working in harmony with that rhythm. The natural light calibrates our inner circadian rhythm and controls hormones and bodily processes.

Up until about 150 years ago, when the light bulb was invented, these processes were allowed to develop slowly and without disturbance. But today, streetlights and floodlights ominously supersede natural night light and disturb this ancient circadian rhythm. The artificial light, the polluted light, is now dominant—light that causes birds to sing in the middle of the night, sends turtle babies in the wrong direction, and prevents the mating rituals of coral in reefs, which take place under the light of the moon.

Humanity’s desire to illuminate the world makes Earth, viewed from space, seem to glow in the night. Every city and every street is visible a long way out in the cosmic darkness, which is perhaps one of the most obvious signs that we have entered a new era: the Anthropocene, the time of humans. Beneath the illuminated sky in the lit-up cities we have created, we can no longer see any stars, and many of us don’t remember what the Milky Way looks like. We are missing out on one of nature’s grand treasures: the spectacles of the sky with its breathtaking perspectives, its falling stars and, on occasion, its strikingly beautiful northern lights.

Light pollution is still a term unknown to many, but it’s an exploding field of research, and light will probably soon be as strictly regulated as noise. The LED light, the modern diode, which has enabled the explosion of lighting in private gardens and industrial parking lots, could also be a solution to the problem. Light and darkness are not a matter of black or white. We can program and dim the artificial light and adapt it to more natural conditions. If we want to.

With this book, I examine the impact that darkness and the night have on all living creatures. In a number of concise chapters, I’ll share my experiences and thoughts stemming from my twenty years in the service of the night, as a bat researcher, traveler, and friend of the darkness. I hope that this book will inspire others, function as a reminder of the importance of letting the night be a part of our lives, and give insight into how much damage artificial light can do—be a challenge and a manifesto for the natural darkness.
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The Cycle of Darkness

Mimosa pudica has an odd quality. The plant is sensitive to being touched, and if you brush against its leaves, they close up like an umbrella and seem to whither before your eyes. The same thing happens at night. Every morning the leaves open and turn like satellite dishes to capture the sunlight. The French scientist Jean-Jacques d’Ortous de Mairan (1678–1771) placed a plant in constant darkness and discovered that the leaves still opened when it was day outside, even though the plant saw nothing of the sun. He interpreted this to mean that the plant still felt the presence of the sun. How this could be de Mairan never managed to explain.

Only during the second half of the last century, with breakthroughs in genetics, was the mystery solved. In the 1960s, the biologist and geneticist Michael W. Young had begun to ponder the mimosa plant’s and other plants’ behavior during different times of the day, and from this pondering a lifelong interest in the biological clock was born. In 2017, Young, along with Jeffrey C. Hall and Michael Rosbash, won the Nobel Prize in Physiology or Medicine. They had succeeded in isolating the gene that controls the rhythm in all living things, from bacterium to human being. The circadian rhythm, which can be thought of as our internal food and sleep clock, has been with us since the beginning of time, following the day’s natural progression from darkness to light and back again.

Through billions of years—Earth is 4.5 billion years old—our planet has changed form, slowly or in sudden events. Mountain ranges and seas are built, rivers are moved, and species are born and die out. Not even the magnetic poles constitute fixed points. Right now, the magnetic north pole is moving eastward, from northern Canada toward Siberia, at a speed of seven miles a year. But one thing has remained more or less constant: the alternation between day and night, between light and darkness. The sun has always gone down in the west and risen again in the east, and in between those moments it has been night.

The length of a day has not always been the same. Modern atomic clocks tell us that the earth’s rotation is slowly decreasing, and the days are becoming longer. A little bit longer period of daylight, a little bit longer night. The day’s rate of change is not dramatic, amounting to barely two milliseconds per century. But if the length of the day has always changed at the same rate, the earth’s first life-forms, living more than 3 billion years ago, experienced a day that was only half as long as ours.

There are many theories about where this first life, a life that was not much more than self-copying molecules, arose: in the deep sea, under thick ice, far inside mountain crevices in a mass of mud, or potentially even in some other place in the universe. But wherever life first came about, the first single-cell organisms developed quickly and found new possibilities in the unexplored world.

And soon cyanobacteria, organisms with the ability to make use of sunlight to create oxygen, spread over the world’s oceans. Every morning when the sun’s first rays warmed the surface of the water, cyanobacteria, which we also know as blue-green algae, could gather the light’s energy and fill the atmosphere with oxygen. They played a crucial role for the atmosphere’s chemical composition, so that animal life, including humans, could develop. Cyanobacteria’s inner machinery laid the foundation for plant development and photosynthesis, and their rhythm has propagated itself through generation after generation.

The earth’s first multicellular life saw the light of day 620 million years ago, when a day was around twenty-two hours long. Or rather, they didn’t literally see the light of day. It would still take millions of years before eyes or any other truly advanced senses existed. During this time, life-forms unique to their time thrived, organisms that died out more than half a billion years ago. But for millions of years, they could live a quiet life on luxuriant carpets of algae, without risk of predators and without needing to move a millimeter. Every day sunshine trickled through the surface water and changed character on its way to the deep. Every evening effects from the light stopped, and the natural night took hold. Life adapted to these shifts.

The biological clock, our circadian rhythm, is ancient, shared, and completely fundamental. Everything living today has developed in a world where the conditions are changed over the day and over the year. Our bodies simply expect light and dark in recurrent cycles of longer or shorter nights. Every organism makes use of the preprogrammed clock in different ways, as when the mimosa plant collapses its leaves at night, the butterfly orchid wakes up to life instead and boosts its scent to attract moths. The bee and other daytime insects end their shift, and the night pollinators begin. All employ the same foundational mechanism, regardless of species, habitat, or life cycle, from the 2.5-billion-year-old cyanobacteria to bats to humans.

It’s light and darkness that calibrate the biological clock. Without information about changes in the surroundings, the inner mechanism continues to pulse in regular rhythm for about a day. The morning light signals that the cycle must begin again from zero, that a new day has just begun. The clock continues over the day, through dusk toward night, the whole time with input from the sun’s varying light. The artificial light from lamps, headlights, and floodlights is not in this equation and risks, to put it mildly, creating disorder in the system.




Experiences in Darkness

I usually begin my nightly inventory by sitting down in a peaceful place, preferably near some water. I pour a cup of coffee from my thermos and let my mind passively take in impressions of twilight. The steam from the thermos mingles with the fog over the water as darkness falls and still air cools near the surface. The birdsong grows more sparse, the long-horned grasshopper’s hoarse sound becomes sharper, and a dark green backdrop builds in the forest. During summer in Scandinavia, the day’s transformation to night can carry on a long while, as a subtle displacement of light and activity, where the day’s animals meet the night’s, where the songbirds’ warble hardly falls off before the woodcock in swift flight demonstrates that twilight has arrived. In the tropics the change occurs rapidly, as if scenes on a theater stage have been moved. The spotlight is replaced with shadow, and the stage and audience remain the same, but the actors are new.

Sometimes it takes a while for the bats to show up. The infinite is primary here. I want to believe that I work more effectively in the long run if I let natural pauses happen, if I let the darkness fall in its own time. The natural experience does not necessarily make me a better field-worker, but one who is more harmonious. Had I allowed internet surfing and my cell phone to disturb me with their light and audible pings, I would have lost both focus and my night vision.

I am unwilling to lose my night vision and seldom even use a headlamp, at least not outside. Otherwise I would not have seen the ground beetles hunting small insects or the spiderwebs glittering in their special way in the moonlight. A lot would have passed me by, such as the slugs moving themselves along and the mushrooms lighting up. Indeed, some fungi have bioluminescence, the same quality that gets sea fire and glowworms to gleam in the dark. With this light they attract flies, beetles, and ants, which spread the fungi’s spores. The phenomenon is most common in the tropics, but here in Sweden we also have an illuminating fungus, honey fungus, whose mycelia—the fungus’s threadlike network—glow a dim green. People in earlier eras were said to use wood from oaks overtaken by fungal mycelia to show them the way at night. Maybe mushrooms stand out like bright lanterns for animals with better night vision than we humans have.

It is fascinating to imagine how nocturnal animals experience their existence in the dark, how their brains interpret sensory stimuli. In my vicinity hundreds of normally invisible white flowers called Nottingham catchfly glitter when the moon shows itself. It is subtly beautiful, but for animals with sensitivity to the ultraviolet spectrum the ground shines like a fluorescent dance floor. As humans—with our senses’ limitations—though we know about these animals’ visual faculties, we can never understand the real experience. Filters in cameras or visual enhancement through other machines let us have an inkling, but we can never completely see with the eyes of insects or cats. The philosopher Thomas Nagel wrote in the 1970s in his famous essay “What Is It Like to Be a Bat?” that human language can describe what it’s like to be a bat as little as it can describe what it’s like to be an extraterrestrial. Only individuals from the same species can understand one another’s experiences, and if we extend Nagel’s reasoning, we cannot know what it like to be another human being either. We only have our own senses, filters, and interpretations.

But if you remove yourself from the commuter lane, sit down as an observer, and let the darkness meet you, proximity to nocturnal life nevertheless makes it more striking. Senses other than sight take hold, and slowly the sounds and the smells change, the air becomes damp against your skin. A whip-poor-will, a bird of twilight, flies past with a suggestive and unmistakable drone. Some frogs croak, a far-off black-throated loon calls out its melancholy verse, and at a distance a splash in still water can be heard. Gradually night vision also increases, and you get an idea how flowers of the dark come to life, such as white campion, butterfly orchid, and night-flowering catchfly. They release their scent molecules and send spores with the wind for nocturnal pollinators to follow. During early summer’s drawn-out twilight the lilac comes most fully into its own, and it’s said that a person born around midnight can see the ghosts in the lilac’s silhouette on Sundays. In August, the smell of wild capriole takes over the summer night, and owlet moths are drawn toward the plant’s blossoms thanks to the scent trail. With their long, sucking proboscis, the moths slake their thirst on nectar and pollinate the plant. Moths have the animal world’s most exceptional sense of smell and can capture separate scent molecules with their antennae and find a flower or partner from several miles away. Allow yourself to sit outside during twilight and you’ll soon get a feeling for the invisible scent trails by observing the moths’ strenuous flights. Moths have shown themselves to be at least as important as pollinators as the diurnal bees, and moths even visit more different kinds of flowers than do bees, something of invaluable importance for keeping our ecosystem intact and thriving.

One of the moths I’m observing suddenly takes a deep dive toward the ground, then pulls an acrobatic loop to return to its scent trail again. Moths have developed hearing to listen for the sounds from the very bats I am here to inventory. So, the moths’ sudden jerks are flights from the enemy. My ultrasound detector makes the bats’ sounds audible for human beings, and these rattle like exploding popcorn. The closer the moth, the faster the bats cry out their search pulses to locate the prey. Moths veer and feint in a duel under the night sky, accompanied by a measured rhythm. On the ground, several beetles rush forward. Leaves rustle and soon two cockchafers rise in a mating dance. For a moment, the buzz of their beating wings overpowers the sounds from the ultrasound detector.

No less than a third of all vertebrates and almost two-thirds of all invertebrates are nocturnal, and so most of nature’s activity—mating, hunting, decomposing, and pollinating—occurs after we humans fall asleep at night. As a bat researcher, I’m regularly reminded how little we still know about the night and its secrets. About the bats coordinating flight around trees, how in a microsecond they determine how the landscape around them looks only by using sound and its echo. The darkness is not the world of humans. We’re only visitors.




Illuminated Planet

The bat, the whip-poor-will, and the cockchafer all belong to twilight, while the human being, to the utmost degree, is diurnal. We humans are in many ways completely dependent on visual sensory impressions, so therefore light means safety for us. So it isn’t strange that we tend to want to light up our existence, and with electricity’s and the light bulb’s triumphant march across the world in the last 150 years, and now with the revolutionary diode lamps, this illumination is occurring at an even higher rate. We light the yards around homes, streets, industrial areas, and parking lots with lamps, floodlights, and strings of lights, often with safety in mind. In the school parking lot, a few hundred yards from where I live, they’ve put up about fifty lampposts. That’s about one lamppost per twelve square yards of asphalt, mostly for the enjoyment of young people, who drive there to have a place to hang out at night. And it looks the same everywhere else: light shines from empty offices, in vacant parking lots, and on the facades of warehouses along our motorways. Human beings have extended their day while forcing out the night’s inhabitants.

If you view satellite pictures of Earth at night today, they show a planet that glows. All the world’s densely populated areas form brightly lit spots that can be seen far out into space. Lighted roadways bind cities together in a shining network, and the most densely populated parts make a single haze of light. Satellite pictures show concretely how the urbanized world spreads out, and this spread is perhaps one of the strongest symbols of what is called the Anthropocene. This concept was coined in the 1980s and was suggested later by the Dutch chemist and Nobel Prize winner Paul Crutzen to designate the age in which we live. To name a new geological epoch after human influence over the world isn’t a new thought. The idea can be traced back to the 1860s and George Perkins Marsh (1801–82), an American politician, diplomat, and linguist who, somewhat unexpectedly, came to be a foundational figure in an early environmental movement. Inspired by his 1864 book, Man and Nature; or, Physical Geography as Modified by Human Action, people over the next two decades made a succession of attempts to name the ruling epoch after humans, given their virulent effects on the environment. But only now have the ideas about the Anthropocene really taken hold.

Night satellite pictures give a clear view of how modern human activity is spreading in time and space. Despite the much good that technological developments have done for humans—with their concrete as well as symbolic illuminations—in their tracks plainly follow energy wastefulness, rampant consumerism, and ecological degradation. What we call light pollution—unnecessary artificial light—changes nature and has hitherto been an underappreciated example of the Anthropocene. While artificial lighting today makes up just a tenth of our combined energy usage, only an extremely small part of that light is of actual benefit to us. Most of it spills out into the sky instead of lighting walkways and outer doors as intended. Research in Europe and the United States shows that badly directed and unnecessarily strong lights cause pollution that is equivalent to the carbon dioxide emissions of nearly 20 million cars. In 2017, light pollution was minimally estimated to increase by 2 percent globally each year.

One of the reasons for our eagerness to illuminate our planet so persistently is without a doubt our nyctophobia, fear of the dark. To be afraid of the dark lies in our genetic, as well as our cultural, heritage. It is altogether natural, and exactly like many other fears and reactions, it has a survival value. Our sense of sight adapts so that we see decently in the dark, but slowly. It takes at least half an hour for the right pigment to build up in our eyes when the daylight’s bombardment of photons has begun to decrease, and a little while more before we reach our maximum light sensitivity, before we can orient ourselves in the dark. And the heightened sensitivity to darkness can be undone in an instant. One look at a streetlight, a cell phone powering on, or a passing car with headlights breaks down the rhodopsin—our light-sensitive visual pigment—which falls down like a house of cards, and the eye is forced to begin again.

In our cities today, it is almost impossible to establish true night vision, for there are far too many points of light, which effectively hinder the buildup of rhodopsin. In Hong Kong and Singapore, which are considered the earth’s brightest cities, or maybe most specifically the most light polluted, there’s barely a street corner where it’s dark enough to call forth the eye’s natural night vision. People in Hong Kong sleep under a night sky that is twelve hundred times brighter than an unilluminated sky, and if you were raised in Singapore, you’ve likely never experienced night vision. This applies to more and more of us who live in cities, wherever in the world we find ourselves.

The loss of the experience of night can possibly seem nostalgic and tangential. But there’s a lot of research showing that the human being in the Anthropocene experiences strongly negative effects from too much artificial light. The light disturbs our biological clock, causing sleeping difficulties, depression, and obesity. Some published studies show that certain forms of cancer can be a direct result of too much light at night, but we’ll talk more about all of this later.




The Vacuum Cleaner Effect

A moth steers toward a shimmering waterfall and disappears into the body of water. Soon another comes along, and before long a whole line of them. None of them hesitates or stops: they continue straight into the rushing water.

The observation was made at a waterfall in Iceland’s Skjálfandafljót River in the 1800s. What enticed the moths that night wasn’t the need to cool off, nor was it their inevitable death in the water. It was the shine and glitter from the fall’s water droplets, their hypnotic power of attraction, that drew the moths in. The observer—George John Romanes (1848–94), philosopher, psychologist, and biologist—studied instincts in both humans and animals and was fascinated by how the smallest light—the weak shine from a matchstick or a glittering droplet of water—could get insects off course. Romanes was working at Oxford University and a close friend of Charles Darwin’s. Romanes was also an eager spokesman for Darwin’s theories and was predicted to be his successor in defending evolution’s throne.

Unfortunately, George John Romanes died at the early age of forty-six, gradually landing in the shadow of other biologists working in the field in the next century. But his ideas about animal instinct in his works Mental Evolution in Animals and Mental Evolution in Man have had a large influence within both zoology and psychology. Just as how Romanes made note of moths being drawn to the shimmering body of water from the
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