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In Search of the First Use of Fire

How did humans make the discovery that Darwin described as "probably the greatest discovery, excepting language, ever made by man"?




Introduction


The theft of fire from the gods for the benefit of humanity is a recurring theme in many traditions around the world. Commonly, the perpetrator is a trickster who steals fire from a supernatural being who has withheld its use out of a mistrust of humanity. Thieves include ǀKaggen (San people of South Africa), Mātariśvan (the Rigveda), Māui (Polynesia), dogs, rabbits, hares, opossums, crows, and spiders. One of the best-known legends is that of Prometheus, first recorded by Hesiod in the eighth century BCE in Theogony and Works and Day. Prometheus, son of the Titan Iapetus, stole fire from Olympus and hid it in a fennel stalk. He was already out of favour with Zeus after tricking him into allowing humans to keep meat for themselves and sacrifice only the bones wrapped in fat to the gods, and this latest misdemeanour was the final straw. He was chained to a rock, and his liver was gnawed each day by an eagle, only to grow back overnight. Zeus eventually relented and allowed Heracles to kill the eagle and release Prometheus.


Fire can be used to provide heat and lighting, for cooking, and to deter night-time predators. Smoke signals, used by Native Americans, Aboriginal Australians, and other traditional societies, were undoubtedly used by prehistoric peoples. Human activities can be performed through the hours of darkness, and fire would certainly have been an asset to early humans migrating from Africa into higher latitudes. That the theft of fire occurs in so many world mythologies underlines its importance in human societies. Darwin1 described the discovery of fire as “probably the greatest, excepting language, ever made by man”. There is little doubt that the mastery of fire was a vitally important breakthrough for early humans, but how, where, and when did it occur?





What is fire?


The phenomenon we describe as ‘fire’ is a self-sustaining exothermic reaction between oxygen and organic or other combustible materials, which liberates heat and light, and requires ignition to start it going. The ‘fire triangle’ of oxygen, heat, and fuel must all be present for fire to exist. Natural fires can be ignited by lightning, volcanic activity, sparks from rockfalls, or spontaneous combustion. Of these, lightning strikes are by far the most important, causing 5,000 fires annually in the US National Forest alone2. Natural wildfires occurring deep in geological time can be identified by the presence of fossil charcoal in sedimentary rock, which preserves plant anatomy in pieces over a few microns in size3. Such evidence is very ancient: fossil charcoal representing vegetation charred by a low-intensity fire has been identified in siltstone deposits dating to the Silurian period (443.8 – 419.2 million years ago), two hundred million years before the age of the dinosaurs4.


Evidence for wildfire nevertheless remains scarce during the Devonian period (417.2 – 458.9 million years ago), with only scattered charcoal records from the Late Devonian despite the appearance of extensive forests. Not until the Carboniferous period (458.9 – 298.9 million years ago) is there extensive evidence for widespread fire systems2,5. During the Carboniferous, oxygen levels were higher than those of the present day, leading to fires that were more frequent, more extensive, and more intense than those of the present day

2,6-8. The greater prevalence of wildfires, relative to today, is probably why the evidence for them is so widespread.


Wildfires can be devastating and as concern grows over climate change, they regularly feature in news reports from around the world. Equally, though, they are part of the natural cycle of death and regeneration. Some plants (e.g., Ulex) rely on fire for seed germination: heat from the fire cracks the seed coat and releases the seeds. Some trees, notably some conifers, have a fire-resistant bark that protects the vulnerable cambium tissue layer. They may shed their lower branches to reduce the risk of surface fires spreading upwards. Some plants (e.g., Eucalyptus, Sequoia, Betula) may regenerate or produce new shoots from burnt trunks. The burning of plants releases nutrients into the soil and dramatically affects its structure. Plant communities can simply regenerate in situ, or their destruction can result in a new plant succession, where an area is colonised first by so-called ‘pioneer species’ (annual forbs and grasses), followed by perennial forbs and grasses. Eventually, ‘climax’ vegetation (trees and shrubs) colonises the once burnt-out area, which may eventually become a woodland2.





Fire and early hominins


Fire was a part of the landscape inhabited by the earliest hominins[1], long before they learned how to produce it for themselves. What was their awareness of fire, and what, if any, use were they able to make of it? The ability to conceptualise a fire is a prerequisite to the use of fire. Conceptualisation may be defined as an understanding of how fire behaves under varying conditions that would enable the prediction of its movement, hence permitting activity in close proximity to it. Field studies of savanna chimpanzees (Pan troglodytes verus) at Fongoli in Senegal suggest that they are able to predict the behaviour of wildfires of various intensities. The grassland/woodland home range of the chimpanzees is constantly affected by wildfires, which begin in October each year and burn more than 75 per cent of it annually. This is probably a greater incidence of wildfire than that experienced by the earliest hominins, but it gives an insight as to how apes with a comparable brain size respond to it. If present-day chimpanzees possess the cognitive abilities to accurately predict and exploit wildfire behaviour, it suggests that relatively small-brained early hominins were capable of safely navigating wildfire and understanding its behaviour9.


Although the apes tended to avoid most of the wildfires, they met even the most intense fires with relative calm and seemingly calculated movement. After fires, they spent more time foraging and travelling in burned areas than they did in partially burned or unburned areas. These findings support the hypothesis that hominin fire use was an early development. Assuming that early hominins had similar abilities, then rather than simply fleeing from a wildfire, they would have understood it as a force shaping their local ecology. They would have factored its effects into their daily activities, for example, continuing to forage and travel within areas in proximity to wildfires as long as resources remained9.


There are three possible reasons why early hominins might have been attracted to fire-modified landscapes: changes in the distribution of and access to food, greater ease of travel, and a reduced threat of predators. The majority of important chimpanzee dry-season foods (defined according to time spent feeding on these species) are tree fruits, such as baobab fruit, which is rarely affected by fire. They also feed extensively on Vigna vine legumes. Although fire destroys these plants, in the long term it promotes greater propagation. Other important dry-season chimpanzee foods include honey (almost always harvested from a tree hollow and frequently from baobab trees), and Macrotermes termites (protected from wildfire by large termite-mound refugia). Fire eases travel by removing thick undergrowth and aids predator detection by removing vegetation that could otherwise provide cover for ambush predators. That chimpanzees favoured burned over partially burned or unburned areas suggests that they are aware of and are exploiting these advantages, suggesting in turn that early hominins did also9.





The Wrangham cooking hypothesis


British primatologist Richard Wrangham10 believes that the ability to cook food played a crucial role in human evolution. Cooked food is not only
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