Kromdraai in South Africa—One morning in April 2014, José Braga squatted at the bottom of an open pit, cleaning a wall of red sediments with a trowel. Long ago, these rocks had formed the floor of a cave, and in 1938 they had yielded a spectacular skull of an early member of the human family, or hominin. But Braga had been scouring the sediments without luck for 12 years. He was considering throwing in his trowel and going off to search for fossils in Mongolia instead.
Then, a small, bright object fell from the wall above, bounced off his thigh, and landed in the dirt beside him. “I couldn’t believe what I was seeing: a well-preserved hominin tooth!” recalls Braga, a paleoanthropologist at the University of Toulouse.
A few months later, Braga’s team excavated a piece of a baby’s upper jaw from the wall of the pit. The fallen molar fit perfectly into the jaw. Together, the tooth and jaw solidified the specimen’s identity as an early member of our own genus, Homo.
Paleoanthropologist José Braga (first image, center) and colleagues Shadrack Mofele (left) and Clopus Seshoene work a pit at Kromdraai in South Africa. Researchers unearthed this jaw of a Paranthropus robustus infant (second image) at the site. KROMDRAAI RESEARCH PROJECT
It was a timely offering from the fossil gods here at Kromdraai, a roofless dolomite cave site in the rolling hills of a region of South Africa officially known as the Cradle of Humankind. This 470-square-kilometer UNESCO World Heritage Site is home to the largest known concentration of human ancestral remains anywhere in the world.
The very next year, Braga’s team found another baby’s jawbone. The two infants’ remains had lain less than 30 centimeters apart for about 2 million years, but the new one was from a very different species: a baby Paranthropus, a short, robust hominin with massive molars and jaws. And an as-yet-unpublished skull found in 2019, just a few meters away, in sediments likely to be a bit older, is different again: It may belong to a third hominin genus, Australopithecus, a group of upright-walking apes with brains slightly larger than those of chimps.
That makes three kinds of hominins, including a species that was our direct ancestor, living in the same swampy valley roughly 2 million years ago. “Imagine the different hominins walking around … Paranthropus climbing the rock walls like baboons,” Braga says.
Advertisement
As Braga showed visitors around in May, only one kind of hominin was visible in the valley: Homo sapiens day trippers from Johannesburg, jogging up Sterkfontein Road or cycling in colorful Lycra. But fossils from Kromdraai and other sites in the cradle and in East Africa show today’s humans are the lone surviving branch of a remarkably bushy family tree, whose members once coexisted across the continent.
This view of the past has come into focus over the past decade as researchers have reopened and redated old sites and found new ones. They have discovered at least a half-dozen species of hominins that visited these caves from roughly 3 million years to 230,000 years ago, and have had particular success zooming in on a layer of time about 2 million years ago, when numerous hominins apparently thrived in the cradle. “Multiple sites in a small area suggest a diversity of hominins were all there, close in time,” says Carol Ward, a paleoanthropologist at the University of Missouri who works in East Africa.

The site of Kromdraai in South Africa has yielded fossil treasure for decades, including the remains of three kinds of hominins.KROMDRAAI RESEARCH PROJECT
The cradle was prime real estate back then, says paleoanthropologist Kevin Hatala of Chatham University. The hominins walked a lush river valley with plentiful water, game, and fruiting trees, as well as caves for shelter. Hatala, who studies ancient footprints in Kenya that show two hominins overlapped there, says that in southern Africa, “There seems to be a couple of hundred thousand years when [multiple] species seem to be totally fine with sharing the landscape. There seems to be enough resources.”
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With new tools, including better dating and the analysis of proteins and isotopes in fossil teeth, researchers are comparing what these hominins ate, how they moved, how they grew, and how they adapted in different ways in shared territory.
The fossils’ close proximity, in the same cave or within a short walk, suggests these creatures might have met, or at least been aware of one another. “They were both on this landscape for such an extensive period of time, there’s no way they didn’t interact with each other,” says paleoanthropologist Stephanie Edwards Baker of the University of Johannesburg (UJ). She has found Paranthropus and early Homo in the same layers at nearby Drimolen cave with geochronologist Andy Herries of La Trobe University. In 2020, they proposed in Science that the region was a meeting ground for both genera as well as Australopithecus. 

Stephanie Edwards Baker and colleagues have discovered fossils of both Homo and Paranthropus at Drimolen in South Africa.Andy Herries
Other researchers are more cautious: “Just because I find you and an Egyptian in the same layer doesn’t mean you saw each other,” says paleoanthropologist Zeresenay Alemseged of the University of Chicago, who has found key fossils in Ethiopia. Given that one stratigraphic layer can contain tens of thousands of years of deposits, it’s “impossible to prove” these species overlapped within any individual’s lifetime, he says, Still, he acknowledges, “If indeed they were contemporaneous, [the cradle] is a good laboratory to show how hominins can coexist.”
In a climate-controlled vault at the University of the Witwatersrand (Wits) in Johannesburg, a tiny skull sits behind bulletproof glass: the Taung child, the first hominin fossil ever found in Africa, in 1924. Representing a new species called Australopithecus africanus, or southern ape of Africa, this skull launched paleoanthropology on the continent. Right beside it, a coffinlike glass case holds an astonishingly complete Australopithecus skeleton nicknamed Little Foot, its small foot bones splayed on blue velvet. Nearby lie two partial skeletons of A. sediba, another Australopithecus species from 2 million years ago. Wooden and plastic trays on shelves hold at least 15 skeletons of the much younger H. naledi, from the Rising Star cave 3 kilometers west of Kromdraai. This treasure trove holds much, much more, including 3500 hominin fossils collected over a century.

They were both on this landscape for such an extensive period of time, there’s no way they didn’t interact with each other.
· Stephanie Edwards Baker
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Some fossils were gathered by Scottish doctor and paleontologist Robert Broom in the 1930s. Broom went first to Sterkfontein cave, just 3 kilometers over a grassy hill from Kromdraai, and found adult A. africanus. He also bought a fossil palate from a quarry foreman for a few pounds and tracked its discovery back to Kromdraai Farm. There, in 1938, he discovered a partial skull and teeth of a new kind of robust “ape-man,” now recognized as the type specimen of P. robustus, which was not our direct ancestor. (Paranthropus means “beside man.”)
Broom and others realized that millions of years ago, the cradle was a magnet for many types of animals, including hominins, drawn to its reliable water sources. Rainwater has slowly dissolved the calcium carbonate in the region’s bedrock of dolomite—a form of limestone—creating a porous karst landscape with bountiful springs, sinkholes, caves, and groundwater. “Water security was higher in the cradle” than on the interior grassy plateau, says Tebogo Makhubela, a geochemist at UJ. Hominins following the water found verdant river valleys lined with trees bearing figs and other fruit.

Geochemist Tebogo Makhubela (right) and Ph.D. student Tariye Onyeogu examine a new cave site in UNESCO’s Cradle of Humankind region in South Africa.ROBBIE SHONE/NATIONAL GEOGRAPHIC
The cradle’s karst landscape helped protect the fossil bounty: The calcium carbonate–rich water seeped into the bones, helping harden and preserve them for millions of years. “It gives us access to very detailed aspects of the anatomy of these creatures,” Braga says.
For decades, however, the spotlight was on East Africa, where the Leakey family and many other researchers found spectacular fossils starting in the 1950s. Those discoveries include another species of Paranthropus, the oldest known Homo, and the famous partial skeleton of A. afarensis known as Lucy, as well as the world’s oldest stone tools. The finds go back 6 million years, and many have been reliably dated from the decay of radioactive elements in the layers of volcanic ash that lace the sediments.
Given the long, well-dated record in East Africa, many researchers have thought that region was the scene of most evolutionary transitions, including from Australopithecus to Homo. Some saw the South African hominins as evolutionary dead ends stuck in a poorly dated cul-de-sac in Africa’s southern tip.
But the discovery of Little Foot at Sterkfontein and other fossils in the 1990s spurred a new generation of researchers, including National Geographic explorer Lee Berger, then at Wits, who drew attention to the potential of South Africa. 
In 2002, Braga and Wits paleoanthropologists Francis Thackeray and Bernhard Zipfel revisited Kromdraai. They identified an old test pit from the vintage Coca-Cola cans earlier generations of excavators had left behind, and dug deeper. After finding the Paranthropus baby molar and jaw, they won permission from the South African heritage authorities to move full-steam ahead. They scalped a flat area the size of a tennis court, removing the top meter of grass and rocky soil to expose an underground cave whose breccia roof had eroded away.

Geochronologist Andrew Herries works to precisely date hominin bones in the Cradle of Humankind in South Africa.Andy Herries
Since then the site has yielded fossils from at least 10 juveniles and nine adults living roughly 2 million years ago, opening a window on the diversity of ancient hominins. Braga, a scarf wrapped stylishly around his neck to ward off the early winter chill, gave visitors a tour in May. He pointed out a shallow depression below a boulder of gray breccia. Here, in 2018, his team found the unpublished skull that resembles Australopithecus and is likely a little older than 2 million years.
Yet the specimen looks different from two stunning skeletons of another Australopithecus, A. sediba, found in 2008 by Berger and his then-9-year-old son at Malapa, less than 20 kilometers away from Kromdraai. Dated to about 1.95 million years ago, the skeletons suggest Australopithecus not only coexisted with Paranthropus and Homo, but also had multiple species of its own, all living at more or less the same time.
The diversity among hominins also shows up below the species level. Researchers have identified only one species of Paranthropus in South Africa, but Herries says that species was quite variable in its anatomy, with more robust forms at Kromdraai and perhaps other subspecies at other caves. A groundbreaking protein study published in Science in May confirms that the variability extends to proteins. A team led by evolutionary biologist Enrico Cappellini of the University of Copenhagen deciphered the amino acid sequences in 2-million-year-old tooth enamel from four P. robustus individuals from one site. The enamelin protein varied by one amino acid in two individuals—enough to suggest Paranthropus may have had subspecies.
Multiple genera appear again just 9 kilometers up Sterkfontein Road at Drimolen, where Baker, Herries, and students at their annual field school are excavating. The students discovered pieces that fit together to form a skullcap of a juvenile member of H. erectus (“erect man”), a direct ancestor of our species. Just 10 centimeters away in the very same layer, the team found teeth of P. robustus. “They were alongside each other,” Herries says. They have since found the most complete cranium of P. robustus known and many other hominin fossils, plus more than 100 bone tools, though they can’t be sure who made them.


Continued excavations (first image) and a field school at Drimolen in South Africa keep unearthing key hominin fossils, including this Paranthropus robustus cranium (second image). Andy Herries
The discovery of early Homo and Paranthropus at multiple sites “has reinvigorated the fact that South Africa is not to be ignored. … South Africa was being viewed as a backwater; well, it ain’t a backwater,” says Stony Brook University paleoanthropologist Fred Grine.
But he notes that only precise dating can prove the hominins actually overlapped. Researchers have struggled to date many South African cave sites, where the stratigraphy is notoriously complex, because cave roofs collapse and animals or groundwater disturb layers. But geologists have made great strides by refining and combining dating methods. University of Cape Town geochemist Robyn Pickering, for example, has spent the past decade refining radiometric dating of fossils from flowstones, deposits formed when water flows along a cave’s walls or floors. By measuring the ratio of uranium to lead isotopes in flowstones above and below fossils, Pickering can date their deposition, “like the volcanic ash beds in east Africa,” she says.
Within the broad window set by the radiometric dating, Herries can apply paleomagnetics and identify which reversal of Earth’s magnetic field is recorded in the rock, yielding a precise date. At Drimolen, he concludes the fossils date to between 1.95 million and 2.04 million years ago. Those dates make H. erectus fossils at Drimolen the world’s oldest, a shade older than a piece of a skull from Kenya dating to about 1.9 million years ago.
At other caves including Malapa and Swartkrans, which is only about 2 kilometers from Sterkfontein, Pickering has found six narrow windows of time when flowstones encapsulated fossils, including the same period 1.8 million to 2 million years ago. “That means all the fossils at those sites were [roughly] contemporaneous,” she says.
The dating does leave wiggle room of tens of thousands of years. At Kromdraai and Drimolen, for example, the dates can’t resolve whether the fossils of Homo and Paranthropus were deposited “within a week or 90,000 years” of each other, Baker says. Still, because three neighboring sites—Kromdraai, Drimolen, and Swartkrans—contain at least two types of hominins (see map, below), she argues the hominins likely saw one another and recognized they were different folk.
Hominin hot spot
A selection of 2-million-year-old archaeological sites in the Cradle of Humankind shows that our own genus, Homo; Australopithecus; and a more robust hominin called Paranthropus all shared the landscape. But it’s hard to prove all three were present at the exact same time.
M. Hersher and V. Penney/Science
Researchers are still working to refine the dates. Herries, Braga, and Zipfel are working together to redate Kromdraai, for example. For a decade, Herries and Braga disagreed about the age of Kromdraai’s hominins. But the two made up in 2019, over eggs at a restaurant near Wits. “I paid for his breakfast,” Herries recalls. Braga adds: “We realized at that point that we’d been arguing at cross purposes and we were not that far apart.”
They agreed collaboration benefited both teams, and their joint field notes are revealing new patterns in the ancient hominins’ lives.
All three genera of hominins inhabiting the cradle 2 million years ago walked upright; had short, likely hairy bodies with relatively small brains; and ventured along riverine forests near the caves. Stone and bone tools found near both Paranthropus and early Homo remains suggest both hominins may have used tools. Also, females of all three species had smaller bodies, suggesting social structures in which a few males led groups of females and infants, says paleoanthropologist David Strait of Washington University in St. Louis, who works at Drimolen. But there are key differences.
A remarkably complete, articulated P. robustus hip, thigh, and shin bone found in 2019 at Swartkrans shows adult females of this species were sturdy but very short, about the size of a baboon. The fossil’s discoverer, UJ paleoanthropologist Matt Caruana (husband of Stephanie Baker), estimates they stood 1 meter tall and weighed about 27 kilograms.
That’s a shade smaller than females from other diminutive hominins such as Lucy’s species, A. afarensis. But Paranthropus had a robust head, with a crest to attach its powerful chewing muscles, and a brain rather larger than a male chimp’s, at 410 to 530 cubic centimeters. “If you saw Paranthropus walking around, the first thing you’d notice was its enormous freaking jaws and disproportionately huge head,” Strait says.
In contrast, when early Homo bared its teeth, it revealed jaws and molars smaller than Paranthropus, as well as a flatter midface. Researchers also believe it was taller and had body proportions more like modern humans. By 1.8 million years ago, fossils from Dmanisi in the Republic of Georgia show H. erectus stood 1.4 to 1.6 meters tall and weighed 41 to 64 kilograms, with a brain size of 545 to 775 cubic centimeters.
As for A. africanus, it resembled Lucy’s species in East Africa, with a brain slightly bigger than Lucy’s or a chimp’s but one-third smaller than that of early Homo. Shoulder and hand bones suggest A. africanus still climbed trees, as did Paranthropus. Although its hands could have made tools, none have so far been found in the same layers with A. africanus or A. sediba. 
“One of our biggest questions is how the heck do we have three different hominins all living within what we can comfortably say would be the average daily range of one chimpanzee group?” says paleoanthropologist Gary Schwartz of Arizona State University, who studies infant fossils. “Whatever Paranthropus and Homo were doing differently—whatever they were eating or moving on the landscape—it demonstrates the ability of hominins to adapt into different kinds of ecological niches.”

Researchers and students continue to find important fossils and tools at the site of Drimolen in South Africa.Andy Herries
The coexistence among these upright apes is “superexciting, because it tells us that there’s something going on behaviorally that would allow these species to be in the same place at the same time,” says paleoanthropologist Ashley Hammond of the American Museum of Natural History. “There is some mechanism for niche separation.”
But the nature of that mechanism remains elusive. Given the differences in facial anatomy, many researchers have long bet a key difference was diet. With its big teeth and chewing muscles, they have thought P. robustus specialized in hard plant foods, such as nuts, woodland leaves, and tubers. Early Homo, with its flatter face and smaller teeth, likely often ate softer food, such as meat. Studies of chemical isotopes, which offer clues to diet, also suggest Homo ate more meat than the other hominins, and that Australopithecus was omnivorous, munching fruit, leaves, and perhaps some small animals.
Yet the evidence suggests all three hominins were adaptable: Homo likely also munched fruit and tubers, for example. And a study this month in Nature Ecology & Evolution examined strontium isotopes in the tooth enamel of more than 20 individuals of Paranthropus at Kromdraai and Drimolen. Researchers found the Paranthropus diet was not so specialized and included grasses as well as woodland plants. Perhaps the nuts and tubers were fallback foods, says geochemist Vincent Balter of the French national research agency’s Geology Laboratory of Lyon.
What’s beyond dispute is that one genus—ours—persisted and the others eventually died out. Fossils of infants, which are remarkably plentiful in the cradle, may hold clues to why. Their anatomy shows that distinctions among the genera developed early in life, as Braga and his colleagues reported in an analysis of 17 infants in Nature Communications in June. “Big, heavy faces are present almost immediately in infants of Paranthropus,” Schwartz says.

Jose Braga has unearthed key fossils at Kromdraai in South Africa.Yann Comb
All three hominins weaned their babies earlier than chimps do today, according to studies of calcium isotopes in the baby teeth. Chimps nurse infants for 4 to 5 years, but Paranthropus, Australopithecus, and early Homo weaned before age 2, the studies suggest. Early weaning allowed hominins to have babies in closer succession and grow their populations swiftly, Braga and Balter have reported. That might have helped combat high infant mortality, perhaps from predation by fierce carnivores.
Indeed, many hominin babies apparently died young. At Drimolen, Kromdraai, and Swartkrans, 30% to 40% of Paranthropus fossils are infants, suggesting an infant mortality rate higher than the 20% seen in chimps. But the proportion of Homo infants in the cradle is smaller, suggesting lower infant mortality among our ancestors. Braga speculates that by 2 million years ago, Homo already had a better social safety net than Paranthropus or Australopithecus. Homo was set apart “not simply [by] diet or locomotion, but something more profound: the capacity for increased juvenile survival,” Braga says.
Researchers know that at some point our lineage evolved the social support and food provisioning that allowed infants to grow bigger brains, have longer childhoods, and learn more complex social skills than other hominins. Braga suggests this was already beginning to happen in Homo in the cradle 2 million years ago. “Early Homo didn’t just adapt physically—it created a social and developmental niche that allowed more offspring to survive and thrive,” he says.
[bookmark: _GoBack]The South African discoveries show our ancestors emerged from a diversity of forms unimaginable today. But they may also reveal what made those ancestors stand out from their contemporaries. The babies in the cradle, Braga says, may “offer a window into the emergence of a deeply human kind of cooperation and life history strategy.”
