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Footnotes

One: The Charred Scream

fn1 This is based on an average weight for a wandering albatross of 8.8 kg.

fn2 The closest emotional charge to that of swifts is the noise produced by some seabirds, such as shearwaters and petrels, which are often delivered when they make landfall at their communal nest sites after dusk.

fn3 Despite its singular reputation as one of the ultimate songbirds, there are two species of nightingale. The one everybody thinks of when the name is mentioned is the more widespread and finer vocalist, the common nightingale. The other is the thrush nightingale, which is found further north and east in Europe and Asia.

Two: Over Our Heads

fn1 See Glossary, under ‘Taxonomy’.

fn2 A reflection of the rapidly evolving taxonomy among swifts is the reassessment of this bird. Four separate populations of this formerly single species have been elevated to new species as Salim Ali’s swift Apus salimali, Blyth’s swift Apus blythi, Cook’s swift Apus cooki and Pacific swift A pacificus.

fn3 There are various assessments of common swift world numbers, with a more limited estimate of c.4 million to 10.5 million for Europe with Russia and Turkey. I followed the figure suggested in Lack, 2018.

fn4 https://birdingbeijing.com/the-beijing-swift-project/.

fn5 The ‘low’ part of the place name Bleaklow does not mean what it seems. It derives from the Old English word ‘hlaw’ for ‘hill’.

fn6 The Earth actually wobbles a little between 22.1 and 24.5 degrees and that deviation, which recurs in patterns of 41,000 years, accounts for a marginal rise and fall in sunlight received by the surface of the Earth. Those fluctuations, in turn, establish the long-term climatic pattern of warming and cooling that we define as ice ages and interglacial periods. We are presently in one of the latter. The extraordinary man who worked it all out was a Serbian astronomer Milutin Milanković, who subsequently gave his name to the axial pattern of movement as the Milankovitch cycle. He did his calculations while imprisoned by the forces of the Austro-Hungarian Empire in the First World War. Armed with his mathematical papers and a bottle of ink, he was unfazed by incarceration and later wrote that his cell ‘seemed to me like an accommodation for one night during my voyage in the universe’. See the Wikipedia entry for Milutin Milanković.

Three: A Footless, Fancy-filled Bird

fn1 The birds breeding in this far northern region often resort to their original nest location: inside tree holes.

fn2 It is remarkable to find that there are twenty-seven versions now of the Old Testament, and while there has been an attempt to update and better capture the nuances of the original text, all but four of them persist in referring to the birds called sis as swallows. Only the New American Standard, the Berean, the New International Version and the New King James Bibles have amended the translation to swift. And the last-named edition really only sustains the confusion in new form, because it refers to both swifts and swallows. We perhaps see in this tiny imbroglio how confusion begets error in a seemingly endless cycle.

fn3 The names ‘martin’ and ‘swallow’ are synonyms for the same creatures but often present a subsidiary confusion to ordinary observers, as if they were separate hard-and-fast categories. A measure of their arbitrary usage is that the British talk of the ‘sand martin’, while those in America speak of the ‘bank swallow’. Both names refer to the same species Riparia riparia.

fn4 The impact of this glorious moment is enshrined in one of the most ancient and universal of European sayings: ‘one swallow does not make a summer’, whose real meaning lies not in the sage acceptance of the cautionary message, but in instant disavowal. That swallow in that moment is taken as a distillate of spring’s first essence.

fn5 The place of swifts in Chinese restaurant names, both in Chinese- and in English-speaking countries, reveals how universal is the muddle among humans. Both swallows and swifts are represented in Chinese, as they are in other South East Asian languages, by the same character, yen. But swifts were long important because of the ancient oriental practice of eating bird’s nest soup, whose chief ingredient is a cup made from mucus by a suite of cave-nesting swiftlet species. Such was the nature of the swallow/swift confusion that the Chinese often attributed both the nest and the soup to the wrong bird. The names of many Chinese restaurants – the Happy or Lucky Swallow is a common version – are a clear repetition of the age-old error. See Koon and Cranbrook, 2002, p 61.

fn6 The depth of our inexactitude about swifts and swallows is nicely illustrated by the word Apus. Among the first to record it was the towering genius of classical natural history, Aristotle. His usage of the name apodes seems to include both swifts and members of the swallow family. In fact, my hunch is that what Aristotle refers to as apous is actually a species called the Eurasian crag martin, because he specifically notes that it is resident in Greece all year round. Only the latter fits this description. And of all swallow relatives, crag martin is by chance the most swift-like, with very dark plumage and a rather swiftian flight profile. But this all said, it is worth pausing briefly to reflect: the universally recognised official name for swifts, Apodidae, probably originates with a swallow species. The name that Aristotle used for a true swift is probably drepanis (meaning ‘sickle bird’, which is a good description of the birds’ shape). See Mynott, 2018, p 232. See also the footnote on p 133.

fn7 A century before White, the great pioneers of natural history John Ray and Francis Willughby, in their groundbreaking Ornithology (1678), called the bird the black martin or swift and placed it in the same genus as swallow, Hirundo apus. Carl Linnaeus, the Swedish founder of modern taxonomy, followed this lead in his own work in 1758. Thus, the swallow links had the most authoritative seals of approval.

fn8 It is remarkable to note that there have been about a dozen records of chimney swifts in Britain and Ireland since 1982, most of them occurring in late October and reflecting the later cycle of their southward migration. All must have flown across the Atlantic Ocean accompanying strong westerly gales and were almost certainly doomed never to return.

fn9 It is perhaps worth one further swerve to note how the so-near-yet-so-far ingredient explaining all these obsessional swift people is explicitly stated in a book by two of its number. Paul and Georgean Kyle wrote a work subtitled America’s Mysterious Birds above the Fireplace.

fn10 In the same issue of the Migrant that Coffey made his announcement about the swifts’ winter quarters, Albert Garnier corrected any misconception that the hunters had caught precisely thirteen chimney swifts with their smoke-hunting exercise. Based on ratios of banded birds in any population of unmarked chimney swifts, he suggested that the hunters had probably netted a total of around 5,200. Try to imagine that scenario: a rainstorm of stunned birds falling to Earth in numbers that can hardly occur in nature, except under these precise circumstances. One person who recorded the impact of chimney swifts at a tree roost was John James Audubon. He found about 9,000 roosting in a hollow sycamore and said that he could compare the noise of their collective exit ‘to nothing else than the sound of a large wheel revolving under a powerful stream’, and that it seemed ‘as if the tree were splitting’. See Whittemore, 1981, p 81, and Bent, 1989, p 287.

Four: Genesis

fn1 The Earth’s entire story is divided by geologists into four such eons and we will encounter them again. They are the Hadean (4,600–4,000 mya), the Archean (4,000–2,500 mya), the Proterozoic (2,500–543 mya) and the Phanerozoic (543 mya to the present). The words are all derived from Greek. The Archean is from Archaios ‘ancient’, while Proterozoic means ‘the eon of early life’, and Phanerozoic, the ‘eon of visible life’. See Glossary, under ‘Geological Periods’.

fn2 The exact period in which complex life forms appeared on Earth is traditionally associated with the Cambrian, often the first in a list of evocative names – if in a somewhat difficult-to-remember sequence – that comprises much of the Geological Table. Names such as Ordovician and Oligocene. This seemingly dramatic emergence of sea creatures – worms, crinoids, sea cucumbers, lancet-like chordates and other arthropods – is known as the ‘Cambrian Explosion’. The concept rose to prominence with the discovery of remarkably well-preserved fossils in the Burgess Shales in the Canadian Rockies of British Columbia in 1909. Since then, fresh fossil finds have pushed back the true origins of multicellular life further and further towards around 800 million years ago.

fn3 One extraordinary story illustrating the eccentric respiratory pathways explored by bacteria comes from several cities – Cairo, Melbourne, Cape Town – in the early part of last century. Civil engineers in these places were mystified by the inexplicable collapse of their sewage systems. Investigation eventually led to the door of one Thiobacillus thiooxidans, a bacterium with a taste for sulphur extracted from the hydrogen sulphide gas emitted by sewage. They also discovered that Thiobacillus thiooxidans refused to flourish except when immersed in a sulphuric acid of sufficient concentration to gnaw through the metal and concrete of the sewage pipes. See Davies, 1998, pp 129–30. There are also bacteria, halobacteria to be precise, that thrive in waters ten times saltier than the oceans. See Knoll, 2003, p 27.

fn4 To give a sense of water’s predominant part in life, plants are 90–95 per cent water, fish are 80 per cent water and humans are 60–70 per cent composed of H2O. It is worth also pausing to note that the seas hold 96.5 per cent of all the water on Earth. Glaciers and ice, groundwater, lakes and rivers make up just 3.5 per cent. See Cox and Cohen, 2013, p 30.

fn5 Many of us have seen cyanobacteria possibly without knowing. As Lynn Margulis pointed out, they form the darks stains on our shower curtains and the scum in our toilets. See Margulis, 1998, p 37.

fn6 See Glossary, under ‘Prokaryote’.

fn7 This is a chapter tackling life at its most fundamental yet also in its unimaginable form. To give a sense of the size scale with which we are dealing, a cell may be small but it can be massively complex. A cell may contain as many atoms as there are cells in the human body. To go further towards the mystery and to lay a ruler against the nucleus, if you could lay end to end 100 million atoms it could stretch for just a single centimetre, but to complete that same small length with just the nuclei laid end to end would require 10,000 billion of them. See Gribbin, 2000, p 23–4.

fn8 The full story of photosynthesis, both its unravelling by a community of groundbreaking scientists in the mid-twentieth century, and also its centrality to all life on Earth, is brilliantly told in Oliver Morton’s masterpiece, Eating the Sun. I could not recommend his book more highly and it is many ways a central text and touchstone for this book.

fn9 Lewis Thomas (1913–93) was an American physician of extraordinary polymathic gifts but noted especially as an administrator and researcher (he was the President Emeritus of the Memorial Sloan-Kettering Cancer Center in New York), as well as a poet and essayist. It is perhaps in his series of urbane and witty flights of scientific speculation that all his gifts are best synthesised. In some ways, his book The Wonderful Mistake is as important as a touchstone and inspiration for this book as Oliver Morton’s Eating the Sun.

Five: Wakishaka

fn1 When the change occurred ‘there was an uproar among birders’, according to my friend Lennart Nilsson.

fn2 We seldom pause to reflect on it, but the fossilisation process – the gradual replacement of plant and animal tissues with near-identical mineralised facsimiles – is itself a kind of miracle. Think of the organisms that are born and die in the span of species’ entire existence, and then reflect that of those billions which vanish without trace, what an infinitesimally tiny sample expire in ways to permit the fossil-forming process. Then consider how such versions of lost life are buried blindly in the ground for millions, occasionally billions, of years, until the day a human hand unlocks them. That nature ordained a way for knowledge to be passed to posterity like this is a kind of cosmic gift. Without it we would never have understood how life evolved. We might have been able to infer the extent of its span, but our understanding would have resembled a book in which almost all the pages were blank. Fossils, however, of creatures such as T. rex or Brachiosaurus have allowed them to dwell among us and to live in our imaginations in exactly the way that historical characters like Julius Caesar or Socrates can be excavated in books. All of them ‘speak’ to us today as if they were alive and will continue to do so, probably until we go the way of fossilised organisms ourselves.

fn3 Technically the first ever Solnhofen find took place in 1860, but it was of a single feather, and its discovery was soon eclipsed by the location of an entire fossilised bird the following year. See Elphick, 2014, p 8.

fn4 The timeline of the Chinese theropod dinosaurs, and the fact that they lived after Archaeopteryx, might seem a little confusing. It should not lead to an idea that the dinosaurs were in some way more evolved than their bird relatives. The Jehol fossils indicate an earlier lineage of feathered dinosaurs, despite appearing later in strict chronological terms than the first true birds. Life does not evolve in neat time-ordered sequences, with the more ‘advanced’ always occurring after more ‘primitive’ forms. The coelacanth, a bony fish of deep oceanic waters, is closely related to fish species that went extinct 400 million years ago, yet it is still swimming off the South African coast.

fn5 Unlike the feathers of modern birds, the wing plumes of the Sinornithosaurus lacked the barbules to zip them into flexible meshed vanes. However, the microscopic structures of the cells in dinosaur feathers suggest that they may have well acquired some of the variegated colour that is such a distinctive feature of modern avian plumage.

fn6 While marvelling at their speed of passage, let’s not overlook the alpine swifts’ astonishing capacity to feed in transit, to orient themselves and fly home from an unknown locality and to do so following a passage of total disarray. Who knows what mix of stress, fatigue and confusion this so-called experiment inflicted on the poor birds. See Bannerman, Vol. 4, 1995, p 16.

fn7 The spread of dates shown across the previous records brings home how lucky we were to find a needletail: 1846, 1879, 1931, 1984, 1985, 1988, 1991. The greater regularity of sightings in the last forty years reflects today’s saturation coverage rather than a genuine increase in frequency of the birds themselves. The 1991 individual, for example, was seen in Kent (26 May), Staffordshire (1 June), Derbyshire (3 June) and finally Shetland (11–14 June). There was also a ninth bird in 2017.

fn8 The bird achieved immortality of a kind, ending up on the front page of the Scottish edition of the Sun newspaper and the skin was collected and housed in the nation’s main museum.

fn9 I have myself rescued several swifts in fifty years: one found by chance, grounded in roadside vegetation while I was walking by the A6 in Derbyshire. I picked it up, threw it lightly skywards and it flew away. Another was in 1983 on the famous Freak Street in central Kathmandu, Nepal, and involved a house swift, which was restored to its domain in similar fashion. A third aerial bird rescued from almost certain death was a cave swallow that had misjudged gloopy mud for open water. It had to be assisted ashore with my tripod leg from a sludge pond at a sewage works in southern Arizona, USA. This was a more elaborate rescue and required washing it with drinking water, drying it in the front seat of my car, as it sat in my hat. The bird was last seen resting and recuperating on a chain-link fence surrounding the site.

fn10 The pallid swift is illustrative of the central challenge posed by the family, which is one of basic field recognition. Only with advances in technique and vastly improved optics have observers confidently separated this close relative of the common swift from its cousin. As the name suggests, pallid is paler above and below, broader in the head and wing, with a marginally lower-pitched call and a west-to-east subtropical distribution from Morocco and Spain to Iran. Pallid shows definite preference for coastal areas, where caves and cliffs were its original nest habitat. Now it is widely found in seaside towns and cities and, unlike the common swift, it regularly has two broods per summer.

fn11 The famous Caves of Niah in Sarawak were visited by Alfred Russel Wallace and excavated by a team led by Tom Harrisson, the extraordinary twentieth-century British naturalist, who co-founded the post-war Mass Observation social-research project. The caves were once estimated to hold 4.5 million breeding swiftlets of mixed species and were a candidate for the largest swift colony in the world. Alas those stupendous numbers are now down to 150,000 because of habitat loss and human persecution.

Six: The Birds of Paradise

fn1 The Birds of Paradise by Clifford B. Frith and Bruce M. Beehler, Oxford University Press, 1998.

fn2 Melanin is one of those extraordinary ordinary inventions of early life that have played an immense role in the development of the biosphere. Yet melanin has also had a central role in human civilisation. Or, perhaps, one would be better saying that humans will be closer to a civilised state, when they have fully processed and atoned for the continental scale of injustice perpetrated because of false notions about melanin. It is a complex molecule and it was essential on an Archean Earth for early life forms to neutralise the worst effects of short-wave UV light. In humans as in swifts, when a dangerous photon strikes a living cell containing melanin it triggers a near-instantaneous reaction that absorbs the solar energy and turns it to harmless heat, thereby blocking 99.99 per cent of the Sun’s harmful rays. Had we known this for the last 2,000 years, who would have considered a person so blessed with its miraculous properties a lesser being? See Cox, 2013, p 43.

fn3 It was scientists working in Antarctica that discovered an expanding hole in the ozone layer during the 1980s. A suite of industrial compounds, but especially a group called freons and chlorofluorocarbons (CFCs) used in a wider range of chemical applications, was gobbling up the ozone. These would have eventually left us exposed to the impacts of ultraviolet light and could have threatened the very existence of the biosphere. The Montreal Protocol of 1999 has led to a ban and a steady reversal of these hugely damaging developments. Today the ozone layer is in recovery.

fn4 Carbon is an obligatory component of life but until recently there was a rough parity between the atmospheric carbon dioxide generated by the biosphere and from other sources and its subterranean storage in the Earth’s crust through natural geological processes. Human industrialisation has now disrupted that balance and carbon is accumulating in the atmosphere in gaseous form to create our present climate crisis. Since the eighteenth century it has risen from 290 ppm (parts per million) to over 400 ppm by 2017, and at current rates of increase it will reach 500 ppm by 2060. At that level it will inflict catastrophic damage to many parts of life, humans included. Yet this would be by no means the highest level of atmospheric carbon recorded on Earth. In the Triassic period, when turtles, lizards, crocodiles and dinosaurs all evolved and flourished, it was 2,500 ppm. See Skelton, 2002, p 185, and Brusatte, 2018, pp 70–1.

fn5 In case you can interpret such figures, it is 5 × 1018 kg, or 5.5 quadrillion metric tonnes. Air is actually heavy stuff. William Bryant Logan cites the equally mind-blowing figure of 500 trillion tonnes as the weight of air at the Earth’s surface. See Logan, 2012, p 7.

fn6 See pp 161–3.

fn7 The ‘artist’ part of the name for this fungus derives from the creamy textured underside of the bracket on which people regularly write or draw simple designs.

Seven: Mi Casa Es Su Casa

fn1 There is a price to be paid for this intimacy, however, because swifts are infested with large parasitic flies. Claire writes ‘the one downside to their desire to snuggle up in clothes was that when they first arrived they were often hosting swift louse flies, which would scuttle out from between their feathers and attempt to fly into my hair!’

fn2 See Glossary, under ‘Allopreening’.

fn3 Aristotle’s entry in the History of Animals (section 487) is intriguing because, as I have pointed out in a footnote on pp 47–8, the bird he named apous is probably the Eurasian crag martin. The bird he called drepanis (sickle-bird) – with wings like a curved sickle – most closely fits the identity of a swift. Specifically, he said that drepanis was rare and only caught and observed when it had been raining in summer. I take this to refer to a well-known phenomenon among swifts: large movements of them ahead of rain-bearing weather systems. His suggestion that it was a rare species strikes me as significant. If we accept that common swifts did not breed in human structures in Aristotle’s day they would have been confined to cliffs or tree holes, and such restricted locations would automatically mean that the species was less common and little observed. In short it would seem rare. It is worth adding that two modern authors, John Pollard and Geoffrey Arnott, writing on birds in ancient Greece, assumed that Aristotle’s drepanis must refer to the scarcer, range-restricted alpine swift. It strikes me that their argument starts from present conditions and works backwards, to make Aristotle’s names accord with their twentieth-century experiences of alpine swifts as an uncommon bird, and common swifts as numerous. I think they are wrong. I think Aristotle’s bird was the common swift and it was simply scarcer then than now. Jeremy Mynott, personal communication.

fn4 Swifts take an ecumenical approach to the various faiths in this holiest of cities, breeding also on the Church of the Holy Sepulchre, which holds two of Christendom’s most sacred sites, in the same complex of buildings. When I visited in March 2022 swifts were also entering to breed in the seven arches on the north facade of the Al-Aqsa Mosque, part of what Muslims consider the third holiest site in all Islam. Just two blocks away British sculptor Mark Coreth honoured the transcendent symbolism of swifts by adorning his sculpture The Tree of Hope with multiple models of the birds. Truly, they are creatures that obey no human boundary or arbitrary division. Swifts are for us all.

fn5 Mauro Ferri has shown how swift towers grew out of a wider medieval wild-bird husbandry that involved supply of nest niches and opportunities for sparrows, starlings and doves, all of whose edible chicks were added to the complexity of Italian cuisine. Swift pullets, weighing just thirty to fifty grams and no more than two to three per nest per season, were inevitably a luxury in terms of volume. Yet, rather like a number of other avian morsels, ortolans and beccaficco spring to mind, the flesh of the young swifts was considered a delicacy – ‘small butter pancakes’ according to one devotee – and the practice only died out in the twentieth century. The ritualised preservation of these treats, which were given to friends, family and esteemed guests of the tower owners, was a part of their overarching cultural ‘meaning’ as food. See Ferri, 2018, p 231.

fn6 The Muslim faithful must fast during daylight hours, neither drinking nor eating until sunset. Since Ramadan fell that year in August it placed enormous strain on the locals – as well as ourselves since it was extremely difficult even to buy food or drink during the sweltering hours of day – and in our five-week visit we witnessed four street fights, which we attributed to frayed tempers. The evening street-life, however, was notably rowdy and joyous.

fn7 In Britain the losses are among the worst. In just twenty years from 1995 the species experienced a 53 per cent decline. It is now red-listed and at risk of local extinction.

fn8 A startling variant on this was a story in May 2021 from Montecito, California, where the house owners found a glass panel on their domestic chimney smothered in about 800–1,000 trapped Vaux’s swifts. They had formed a temporary spring roost but were unable to escape vertically, whence they had entered, and Catherine (Katie) Hart of Santa Barbara Animal Services spent a day extracting them. It proved almost impossible to lure the flock into protective custody so Katie rigged up a flexible scrim chute that allowed the swifts to fly down the mesh pipe, out the chimney, into the living room, round the corner, into the kitchen and through the back door. It was a heroic labour of love – there were only a handful of casualties when they would almost certainly have died without intervention – and a piece of brilliant innovation. Catherine Hart, personal communication.

fn9 Despite its infelicitous association, Sick’s name is revered in South American ornithology and his masterwork Birds in Brazil is one of my favourite works of scientific ornithology. He may have been the late doyen among Brazilian birders but he was originally German and emigrated to the country in the 1930s to escape possible Nazi persecution.

fn10 For all the strangeness of these nest locations selected by the South American swifts, perhaps the oddest ever recorded involved an Asian species, the Himalayan swiftlet. It has been found breeding in mountain potholes that continue seventy-three metres below ground level, the birds spiralling down through the vertical airspace in almost complete darkness.

fn11 Other UK cliff sites used by common swifts include, or once included, coastal Devon, Yorkshire, Wales, Scotland and Ireland while inland locations include Malham Tarn in central Yorkshire (presently) and Dove Dale, Derbyshire (now disused). Incidentally, Henry Stevenson, author of the three-volume The Birds of Norfolk, mentions heroes of the mid-Victorian period who shot at the Hunstanton swifts for sport, as they did once in Yorkshire.

Eight: Green Thoughts in a Green Shade

fn1 It should be noted that these umbellifer stands at the roadside are also partly a result of nitrogen pollution from car exhaust and agricultural run-off. They also find a rival in the vast areas now devoted to intensively grown crops of oilseed rape with its acidulous yellow horizons of late May.

fn2 For those who want the technical details: the Cretaceous is the longest period in the entire eon of the Phanerozoic (meaning the ‘eon of visible life’), which covers the last 543 million years from the Cambrian right through to the present, when complex life forms have been in existence. The Cretaceous, roughly from 145 million years ago (when the Jurassic ended) to its literally meteoric conclusion 65 million years ago, marks another technical division. The Phanerozoic is further split into three separate ‘eras’ called the Paleozoic, Mesozoic and Cenozoic (they mean respectively the era of ‘ancient’, ‘middle’ and ‘new’ life). The end of the Cretaceous marks the formal boundary between the second and third of these. What comes after it is the time of ‘new life’, making my chosen period the crucible for the world largely as we see it today.

fn3 See Glossary, under ‘Angiosperm’.

fn4 Once again we must, however, genuflect to the preponderant impacts of bacteria, which are integral to all carbon production. The metabolic activities of the billions upon billions of microbes in the top fifteen centimetres of soil on a single hectare of rich soil surpasses that of 124,000 humans. See Nardi, 2007, p 51.

fn5 There is another plant–fungus double act of paramount importance that I should mention. It is often overlooked, partly perhaps for its humble character and also because it sits awkwardly within our rigid notions of classification. Yet lichens, which are part alga (and, more rarely, part cyanobacteria), part fungus, are among the oldest terrestrial organisms. They occupy 8 per cent of the land surface, primarily at the two polar edges, where individual lichens may grow at rates of 0.5 mm per annum yet survive for thousands of years. Their resilience is astonishing. They can withstand extreme levels of radiation and ultraviolet light. They are found at 7,400-metre elevation in the Himalaya and in Antarctic temperatures of -60°C. There is but a single insect species and two terrestrial plants capable of withstanding the deep-freeze conditions of Antarctica, yet there are 200 species of lichen. While they may be modest next to the colours and exuberant shapes of angiosperm flowers, lichens can be of exquisitely subtle hue and are truly part of the ecstatic skin of our planet. See Purvis, 2010, pp 69–91, and Nardi, 2007, p 5.

fn6 These tubes are known as hyphae and an individual strand is less than one-hundredth of a millimetre thick. Yet every kilo of woodland soil contains an estimated 200 kilometres of hyphae. By weight the full subsoil community of fungi makes up a tenth of living matter within a wood, second only to the trees themselves. The existence of mycorrhizal associations has been taken up as popular theme about nature – often referred as the ‘wood-wide web’ – primarily for the challenge that mycorrhizal networks present to the dominant Western ‘scientific’ notion of nature as endlessly competitive, as expressed in the now hackneyed phrase ‘red in tooth and claw’. See Marren, 2012, pp 22–9.

fn7 See Glossary, under ‘Gamete’.

fn8 This latter calculation excludes the roughly 44,000 species of algae, but the other key terrestrial plant groups are the lycopods (clubmosses and firmosses; 1,290 species), the pteridophytes (ferns; 10,560 species), bryophytes (mosses, hornworts and liverworts; 21,925) and gymnosperms (conifers, cycads and ginkgo trees; 1,079 species). See Christenhusz and Byng, 2016.

fn9 To underscore the entangled nature of the world (as well as the human food chain), cattle don’t actually digest grass. That precious work is done by a complex flora of microbes in the herbivore’s rumen (the first stomach). It is these symbiotic bacteria which break down and consume the cellulose in grass. The cattle’s primary food is a by-product of their respiration, a substance called butyric acid which has a buttery odour. See Postgate, 1994, pp 209–10.

fn10 Beetroot comes from the Amaranthaceae, a near-globally distributed group that includes the temperate world’s source of sucrose in the form of sugar beet. It also supplies an Andean seed crop quinoa as well as several other varieties of beetroot grown for their leaves: Swiss chard, seakale and the fodder crop with a name endlessly amusing to six-year-olds, the mangelwurzel.

Nine: Swifts Are Insects

fn1 Swifts caught in their nest chambers are a separate matter. Among the more unusual predators recorded in Israel is the rose-ringed parakeet. One was seen to squeeze through an entrance hole to a swift nest box, kill both occupants and lay two of its own eggs on their corpses. Amnonn Hahn, personal communication.

fn2 In my defence, the size of distant flying birds is notoriously difficult to judge. Birds of prey, soaring alone and without a comparative frame of reference, have long been judged one of the great birding challenges. I recall a story from my childhood when a skilled observer spotted what he thought must be an osprey with its 1.5 wingspan way up in the ether. His confusion continued for several minutes until this particular fish-eating hawk started a characteristic hill-rolling summer song and landed nearby with crest raised. What had looked like an osprey at 600 metres was a skylark sixty metres overhead.

fn3 There are more categorically certain expressions of this equation, because there are insects that feed on swifts. Almost all common swifts carry a kind of parasitic wingless fly in the Hippoboscidae family that lives in the birds’ feathers. At the Oxford Tower many nests had an average of thirty to forty unhatched pupae that lie dormant most of the year and only emerge on the swifts’ return in May. The hatched adults take a blood meal from their hosts every five days. Yet what I find most extraordinary is the contrast in life ways of host and parasite. The latter spends its life in semi-darkness amid a bowl of moss and feathers. The host lives in the troposphere above one whole half of the Earth. The entomologists Tess Clay and Miriam Rothschild observed that while the flies may only be the size of your little fingernail, they are large in relation to their host, and the human equivalent would be a man with large shore crabs in his underwear. See Bromhall, 1980, pp 42–52, and Rothschild and Clay, 1953, p 212. There are also types of cave-dwelling cricket-like insects that pierce the eggs or attack and kill nesting swiftlets in Asia. See Chantler and Driessens, 1995, p 27.

fn4 This is not true of chimney swifts which break the topmost twigs from tree canopies and assemble a tiny stick cup that they glue to a vertical chimney lining.

fn5 It means ‘seaweed-eating’. The Chinese taste for bird’s nest soup was well known in Europe by the seventeenth century and John Ray wrote of the birds gathering ‘a certain clammy, glutinous matter, perchance the Sperm of Whales, or other fishes, of which they build their Nests, wherein they lay their Eggs and hatch their Young. These nests the Chinese pluck from the Rocks, and bring them in great numbers into the East Indies; which are esteemed by gluttons great delicacies.’ See Ray, 1678, p 215. Partly on the basis of its fallacious health-giving properties, the tasteless saliva of swifts has long been one of the most precious human commodities on Earth and more valuable than heroin or gold, leading initially to the annihilation of many traditional swiftlet colonies. Mercifully the species is now widely encouraged to nest in purpose-built, bank-like concrete towers across its range and the enduring taste for avian spit could well return the species to its former abundance. See also Koon and Cranbrook, 2002.

fn6 The pale colour of swifts’ eggs may aid their location in the dark. Yet spare a moment of wonder for the swiftlet species of the Indian Ocean region, where they can breed in caves with thousands of other pairs and prior to excessive exploitation these bird colonies were sometimes numbered in millions. Aided only by astonishing eyesight and the echo-location of their clicking calls the swiftlets make their way infallibly to their own nest and their own offspring in conditions of near-total darkness. How on earth do they do it?

fn7 Nothing sounds further from a human diet than these invertebrate bonbons but this is not strictly the case. Some African communities eat a version of them called nkhungu. On Lake Malawi and elsewhere, local people catch tiny black flies related to mosquitoes, which form dense cloud-like formations that can stretch for large distances over the water. They can be so chokingly thick that fishermen caught on their boats amid these swarming billions have been known to suffocate. The explorer David Livingstone ate nkhungu noting that there were ‘millions of midges in a cake’ and that it reminded him of two other human foods: caviar and salted locusts. I can find no record of swift flocks gorging also on nkhungu but assume they must. See Morris, 2004, pp 74–5.

fn8 Not all migrant birds are so fortunate. Swifts can be caught and killed in summer storms when they can be brought to ground in big numbers. One of the most extreme events occurred in central Europe in 1931, when swallows and martins took shelter in bars, stables and houses in great masses. The scale of mortality can be inferred from a figure of 89,000 birds, which were said to have been boxed up and repatriated by aeroplane to the Italian sunshine. This was apparently ‘a small fraction of the total lost’. A similar European weather event in 1974 may have involved millions of fatalities and caused a 25–30 per cent fall in Switzerland’s house martins and the loss of more than half of Denmark’s swallows. See Newton, 2010, p 509.

fn9 They are often referred to in the singular – flea beetle – as if there were only a single species. There are, in fact, 273 in this family in Britain alone. Beetles are among the most diverse organisms on Earth with about 400,000 species at the last count. The celebrated evolutionary biologist J. B. S. Haldane was apparently asked once whether he had any reflections on the nature of God, to which Haldane responded that ‘He’ must have ‘an inordinate fondness for beetles’.

fn10 The equivalent in a 63.5 kg (ten stone) human would be eyes weighing 3.18 kg, almost three times the weight of the brain!

fn11 White-rumped swift is a favourite species partly because its name is steeped in memory. When it was rare and restricted in its Spanish distribution to hill sites in southernmost Andalusia, I chanced upon one in August 1979. What is notable about the bird’s range expansion out of sub-Saharan Africa, where white-rumped swifts are widespread, is that it relied partly upon the prior spread of red-rumped swallows. These hirundines make the most beautiful, long-lasting mud-cell nests and the swifts routinely take them over for breeding purposes. As well as hirundine nests, the bird has also adapted to mission buildings, hospitals, hotels, blocks of flats, under large bridges, in concrete culverts under roads and house eaves. These anthropogenic sites were first noted in 1939, are now used widely and constitute another example of a swift range expansion aided by humans. See Fry, Keith and Urban, 1988, p 229, and Lynes and Vincent, 1939, pp 75–84.

fn12 If this 20,000 figure were repeated in fair conditions by all the breeding swifts in Britain then daily consumption would be about 1.1 billion invertebrates. However, that national estimate is based on a maximum delivery by a single pair in optimum conditions. Yet in my calculation I used the lowest suggested insect total per bolus – 300. The number can be as high as 500 and even 1,000 insects in one bolus. If we make the calculation again using the last figure it would give us 3.6 billion a day. And neither of the estimates takes account of food consumed directly by parents. What is indisputable is that over the twelve weeks of the full breeding season, all common swifts must consume trillions of invertebrates.

fn13 In his book Devil Birds Derek Bromhall refers to white-collared swifts (which he calls cloud swifts) as the species breeding at Iguazú (see p 15). It is actually a scarce bird at the site. The main family member nesting there is the great dusky swift, of which there can be many thousands of pairs. Mark Pearman, personal communication.

Ten: The Little Things that Run the World

fn1 The wings will fall off once the queens have mated. I remember seeing a mass emergence in October 2017 of harvester ants, involving millions of alates over the grasslands of Extremadura, Spain (see also footnote on p 199). The surrounding countryside, including the roads, was dotted everywhere with queens, but also their dead and dying male consorts. The queens had returned to Earth already mated or were being impregnated even as we watched. They then rubbed off their wings on the rough ground, where these loose vans glistened everywhere like specks of mica or blew across our path as a sudden swift scintillation. As soon as the queens are unencumbered, they dig down to found new subterranean nests and lay the first eggs of their colony.

fn2 While ants don’t deliberately coordinate the timing of their swarms they are all responsive to the same background meteorology (rain and damp ground aid the burrowing efforts of fertilised queens). My friends Martin and Claudia Kelsey were once seventy kilometres apart in their home area of Extremadura, Spain, and both saw at precisely the same time vast numbers of alate harvester ants as they were driving. Across the whole region, the weather conditions had clearly encouraged simultaneous eruption. As they noted, the biomass of flying billions all in the air at the same time would have been mind-boggling. Martin Kelsey, personal communication.

fn3 Bats are almost certainly a further measure of the impacts of poisonous farm chemicals. Bats are the only group of mammals to have developed true flight, which they acquired to access aerial insects just like swifts. The success entailed in this evolutionary path has resulted in them becoming the second most diverse of all mammalian groups, representing a fifth of all mammal species. Yet a quarter are now threatened with extinction.

fn4 Springtails are primitive minuscule six-legged relatives of the insects, whose numbers in soil can exceed 100,000 per square metre.

fn5 See Glossary, under ‘Taxonomy’.

fn6 The five most diverse groups are Coleoptera (beetles, 400,000), Hymenoptera (bees, wasps and ants, 250,000), Diptera (flies, 125,000–150,000), Lepidoptera (moths and butterflies, 125,000–150,000) and Hemiptera (true bugs 95,000). Remembering the technical names of insect orders is helped if you know that the recurrent suffix (-ptera) is Greek for ‘wings’. Coleoptera means ‘sheath-winged’, referring to the elytra casings on beetles, Hymenoptera means ‘jointed wing’, Diptera ‘two wings’ and Lepidoptera ‘tiled wing’ after the minute scales covering the wings of butterflies and moths.

fn7 See Glossary, under ‘Taxonomy’.

fn8 I may find the ways of the ant the more compelling story among insects, but the group’s real super power is probably termites. They have been successfully inbuilt into the ecology of tropical environments for 200 million years, twice as long as other social insects. They reach densities of 10,000 in every square metre, and are estimated to consume a third of all deadwood, leaves and grass across massive areas of the planet. Yet their mightiest achievement, aside from creating in termite mounds some of the most sophisticated structures in all nature, is more fundamental. They can digest wood, or as Richard Dawkins put it, anything from ‘houses to billiard balls to priceless First Folios’. The trick has been achieved because their gut is as richly populated with microorganisms as the tropics are with termites. These bacterial and protozoan colonists share the nutritive spoils of digested lignin and cellulose with their hosts and it is this partnership that ranks among the greatest double acts on Earth. See Dawkins, 2005, pp 438–44.

fn9 For those who can process such immense numbers, the total world population of ants has been put at 1–10 million billion.

fn10 I wouldn’t want to diminish these terrible consequences for some American farmers. Yet we can at least point out that the agriculture of leafcutter ants lives within the limits of its ecosystem. It does not cause devastation to the rainforests of Amazonia as does human agriculture, nor does it unleash into the atmosphere millions of tonnes of climate-disrupting greenhouse gases, like the methane pumped out by human cattle-ranching operations.

fn11 Ants including this wonderful species in my garden feed on aphids and other insects but they also farm them for honeydew, soliciting it directly from the anus of the aphid by stroking them tenderly. The small black ants in my garden are well known for the dairy-farming behaviours. Ants will tend and guard their honeydew-producing stock from predators and even transport them from one suitable food site to another. Some virgin queens even embark on their lives of reproductive adventure taking a few hemipteran cattle with them in their jaws. See Hoyt, 1998, p 84. However, perhaps the most entangled behaviour of this kind involves the ants that derive a similarly sweet substance from the caterpillar of the large blue butterfly. The ants move this larva into their nests to stroke and milk it in return for protection and food. One aspect of the ‘board and lodging’ arrangement is that the caterpillar will sometimes devour the eggs of its hosts. Its equivalent in human terms, if I may lapse into anthropomorphism, would be a dairy farmer so delighted by Daisy’s creamy milk that he indulges her with a few of his children for tea.

fn12 Bullet ants are still used by some Amerindian communities in which boys are initiated into manhood through trials of endurance. The core of these encoded rituals of masculinity involves the youths being exposed deliberately to the bullet ant’s stings. Not all of them survive.

fn13 The fecundity of some social insects is little short of mind-boggling. The reproductive caste in leafcutter ants can lay twenty eggs a minute and produce 10.5 million in a year. Over the course of her life the leafcutter queen may have 150 million offspring, although this is far short of the safari ant queens of the African tropics (in the genus Dorylus) which can have 300 million, almost as many as there are people in the USA. See Hölldobler and Wilson, 1998, p 29. The prize for a single recorded burst of fertility, however, may go to termites in the genus Odontotermes. A queen in this group was observed by the Indian entomologist Mithan Roonwal to lay 86,400 eggs in one day. See Wilson, 1971, p 119.

fn14 There is actually a third community of animals attending every army-ant colony in hunting formation and it is this that explains the excited shrieking of the birds which first alerted us to the drama. At least a hundred species have learned to follow the pheromone trails of army ants to snatch up some of the bonanza of arthropods flushed by the advancing phalanx. A number of African and American birds, evolving over millions of years in lockstep with the ants, are obligate attendees. Other beneficiaries include snakes, lizards, gorillas, chimpanzees and mongooses. Some butterfly species attend to feed on the droppings while parasitic flies follow them to infect the distracted escapees with their eggs. See Keller and Gordon, 2009, p 89, and Ackerman, 2020, pp 124–33.

fn15 It is said that Amerindians take advantage of these fearsome ants should they have a flesh wound that requires closing. They hold the live ant so that the jaws bite down on both sides of a gash, pulling the two sides together, before nipping off the insect’s head from its body. Decapitation does nothing to loosen the Eciton grip and the sets of jaws are then left in place as a suture through the cut. See Schneirla and Topoff, 1971, p 3.

fn16 It must remain for ever mysterious but the American fantasy-fiction author Daniel F. Galouye in his fascinating novel Dark Universe (1961), tried to imagine what it would be like for humans. He conjures a world in which communities live underground in perpetual darkness, navigating by a version of the echo-location that is practised by some swifts and by bats, and in which its central characters worship a deity called ‘Light’. It is the best conjuring of a sightless human society I have ever read.

Eleven: The Globe’s Still Working

fn1 According to James Fisher, the poet







Twelve: Spilt Milk






Thirteen: Wishing on a Swift
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