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Scene: A small patrol boat cruises through the water, just offshore of an island somewhere in the Caribbean. Cue the pounding drums, movie-trailer speak for danger approaching.




Enter: Spinosaurus. Three large spiny sails slice through the cerulean sea and begin to circle the boat. The water roils.




"What the hell are those!?" a passenger asks with trepidation.




Cut to: Another passenger clinging precariously to the rigging as the boat lists. Suddenly, one of the spiny-sailed terrors surges from the ocean, jaws snapping.
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That scene from the trailer for Jurassic World Rebirth, set to appear in theaters this summer, brings the controversial dinosaur back to the Jurassic Park franchise. During its previous cameo -- in Jurassic Park III, released in 2001 -- Spinosaurus stalked the movie's heroes through the jungle. 




But this time, based on a recent wave of scientific evidence, Spinosaurus gets to swim.




The concept of a swimming dinosaur is a game changer to paleontologists. The Age of Dinosaurs lasted from about 240 million years ago to 66 million years ago, or most of the Mesozoic Era. That's when dinosaurs dominated Earth, stomping and grazing and scampering across every continent, including Antarctica. There are around 700 known species of extinct dinosaur (excluding birds). And every one of them was a landlubber. The seas, the rivers -- those were the domains of other creatures.




That all changed in the last decade, when a group of paleontologists proposed that Spinosaurus' anatomical peculiarities make the most sense when you look at them through a watery lens. This dinosaur, they argued, lived its life mostly submerged. 




It's a hypothesis that remains highly controversial -- but there's no doubt it has fueled ongoing research, along with popular interest in this quirky creature.




Spinosaurus didn't need to be a swimmer to stand out from other dinosaurs. It was a striking animal, the kind of fierce-looking, sharp-toothed predator that draws large museum crowds. To begin with, it was huge; at 15 meters long, it is the longest predatory dinosaur ever found, with a body bigger than a Tyrannosaurus rex. It had a narrow, crocodile-like snout, a great big sail on its back that was taller than a human and a long, flat, paddlelike tail.




"It's bizarre looking, even by dinosaur standards," says Thomas Holtz, a vertebrate paleontologist at the University of Maryland in College Park. It looked absolutely nothing like T. rex or Velociraptor or other familiar predatory dinosaurs. Even among its closest relatives, collectively called spinosaurids, Spinosaurus was ... kind of extra.




"The proportions -- what we know of them -- are weird, even for a spinosaurid. It's not quite like any of the others," Holtz says. "It's not the sort of dinosaur most people are used to." 




A swimming Spinosaurus, like the version that's going to be on-screen a lot this year, would be a blockbuster discovery -- if it could be confirmed.




Reading the bones 




Any attempt to reimagine an extinct creature's habitat and lifestyle must begin with the bones. That's a problem, because "unlike other well-known carnivorous dinosaurs, we do not yet have a single good Spinosaurus skeleton," Holtz says. 




The first Spinosaurus fossils were found in 1912 in the Bahariya Oasis of western Egypt. It was just a partial skeleton -- a lower jaw, some crocodile-like teeth and a handful of vertebrae bearing spines up to 2 meters tall. The fossils were so distinctive that German paleontologist Ernst Stromer determined that they must belong to a newfound creature. He named it Spinosaurus aegyptiacus, which to date remains the only agreed-upon species in the Spinosaurus genus.




For decades, those fossils, installed at Munich's natural history museum, were the only remnants of Spinosaurus. Then Allied forces bombed the city in 1944, destroying much of the museum and the fossils along with it.




Fortunately for future paleontologists and dinosaur enthusiasts, Stromer made detailed sketches of the bones. "Stromer did such beautiful illustrations, and often in multiple views, that we can reasonably reconstruct the size of Spinosaurus," says Paul Sereno, a vertebrate paleontologist at the University of Chicago. 




[image: Sketches of Spinosaurus fossils]These stunningly detailed sketches are the only record of the original Spinosaurus fossils, which were destroyed when Allied forces bombed Munich during World War II.E. Stromer





Until about 2009, those sketches were nearly all that researchers had to go on. New Spinosaurus bones proved elusive. Fragmentary fossils -- isolated teeth and bits of jaw and snout -- that were ascribed to Spinosaurus turned up in Tunisia, Morocco and Niger between the 1970s and 2000s. 




Species with similar croclike snouts but lacking such tall neural spines -- long extensions of the vertebrae -- were found and grouped into a larger spinosaurid family tree. One 2003 study even proposed that, given the difficulty of replicating the creature, Stromer's original Spinosaurus skeleton might have been a chimera, a mishmash of bones from other dinosaurs.




The extreme scarcity of bones might have something to do with the fact that Spinosaurus lived in a part of the world that now, some 95 million years later, is the Sahara, says Nizar Ibrahim, a vertebrate paleontologist at the University of Portsmouth in England. Paleontologists returned to the Bahariya Oasis again and again, searching in vain for more evidence.




Then, Ibrahim says, he was visiting a museum in Milan in 2008 and spied a set of recently acquired jawbones that he recognized as belonging to Spinosaurus. The bones, he learned, had been purchased from a Moroccan freelance fossil hunter. Ibrahim was determined to track this man down -- although he knew little of him aside that he was mustachioed. Against the odds, Ibrahim spotted the dealer in a bazaar in Morocco and persuaded the man to lead him to the remote escarpment in Morocco's Kem Kem region where the bones had been found.




It was a site deep in the desert, near the border with Algeria. Ibrahim followed the fossil hunter's puttering motorcycle "up these very steep slopes, up again and down again," he says. Hours passed, gas began running low and he wondered if they'd be able to get back out again.




But it was well worth the trip: The Kem Kem beds turned out to harbor a wealth of fossils that revealed fresh surprises about Spinosaurus.




The life aquatic 




Ibrahim and colleagues described their analyses of the newfound Spinosaurus bones in a 2014 study in Science. New Spinosaurus material was exciting enough, after a century-long gap. But the real headline-grabber was the team's suggestion that the creature might have been largely aquatic.




Water was almost certainly nearby. Today's arid, windswept Sahara was much wetter in the past. Around 100 million years ago, Earth's average sea level was about 200 meters higher than it is today, giving rise to vast inland seas and waterways. North America was split in two by the Western Interior Seaway, extending from Mexico to Canada. Across the Atlantic Ocean, western Africa was divided by the Trans-Saharan Seaway, which covered much of Algeria, Mali and Niger.




Chemical analyses of previously discovered teeth had already suggested that Spinosaurus ate a lot of fish. Ibrahim and his team outlined various lines of new evidence that they said pointed to a primarily aquatic lifestyle: Spinosaurus' limb bones were dense, like the bones of penguins or manatees, animals that evolved to become water denizens. Such dense bones help those animals control their buoyancy.




Spinosaurus also had smaller hip bones than other large predatory dinosaurs, along with short, muscular hind limbs (at the time, no forelimbs had yet been found or described). These features suggested that it wasn't actually bipedal, like other carnivorous dinosaurs, but used all four limbs for locomotion, as might be needed in the water.




Other possible aquatic adaptations included its cone-shaped teeth, which would have been adept at snagging slippery fish, and the position of its nostrils, well back from the tip of the snout, which could have helped Spinosaurus breathe easy while swimming.





Skeletal smackdown




Two ways of modeling Spinosaurus show how the bones might be positioned if it was a wading hunter (red) or a swimming predator (blue). Experts argue over which model is more likely based on the fossil properties and comparisons to modern animals. 








Over the next few years, Ibrahim went back again and again to the Kem Kem site. In 2020, he announced another headline-grabbing find: a nearly complete tail. Staying on-brand, it was a very weird tail, nearly the same length as the creature's body, with its own set of tall spines forming a tail fin.




And to Ibrahim and colleagues, that tail helped flesh out the picture they were building of a dinosaur that was especially adapted to spend its time in the water. The tail was ideal for water propulsion, they reported in a 2020 study in Nature: Surprisingly flexible, it allowed for a wide range of movement, such as a sideways swinging motion. A robotic version of the tail, tested in a water tank, outperformed simulated tails of other dinosaurs when it came to propulsion and was close to the performance of the tails of semiaquatic swimmers such as crocodiles. 




Spinosaurus, the team concluded, used its tail to slice powerfully through the water, actively swimming to pursue its prey. It was, in short, a water monster, rather than a land terror.




Artistic sketches of this version of Spinosaurus leaned even more heavily into the idea of a watery lifestyle: The dinosaur was depicted chasing prey underwater, jaws snatching, legs paddling, long tail powerfully slashing sideways to propel it forward. The public snapped up this version of Spinosaurus: It was compelling and fun and dynamic.




But to some paleontologists, this vision went a bit too far.




Watery whiplash 




The tail paper was too much for Holtz and vertebrate paleontologist David Hone of Queen Mary University of London. The pair penned a swift response to it in 2021. The evidence was compelling but far from conclusive, they wrote in Palaeontologia Electronica. Sure, Spinosaurus may have been semiaquatic, living near and hunting in the water, but there simply isn't enough evidence that Spinosaurus would have been capable of full-on swimming or underwater prey pursuit.




Instead, they proposed that the dinosaur was more like a heron than a crocodile: wading in the water and fishing from the shoreline or from the shallows. As for the tall sail and the paddle-shaped tail, those weren't so much adaptations for swimming as flamboyant displays for mating or other social behaviors, they argued.




Sereno was also skeptical that this dinosaur could swim. In a separate study, he and coauthors reexamined Spinosaurus' buoyancy using skeletal and flesh models based on the fossils and interpolated muscles.




Dense bones, in and of themselves, aren't necessarily indicative that an animal can swim. Hippos have dense bones too, but they walk on riverbeds or lake bottoms. At any rate, Sereno says, their examination of Spinosaurus' bones suggested they weren't actually as dense as thought.




"We wrote a long rebuttal," he says. The bones are solid, yes, but also contain significant air pockets. And dense as the hind limbs might have been, they were relatively small -- reducing their effectiveness as ballast or buoyancy control. The models, Sereno's team reported in 2022 in eLife, showed an animal that walked on two legs on land, was unstable and slow in the water and was too buoyant to be able to dive. 




The debate rages in part because there's both science and art in extrapolating from bits of bone to an animal's life: how it moved, how it ate, how it interacted with other animals.





Sink or swim?




One clue to underwater hunting behavior: dense bones. Viewed in cross section, Spinosaurus femur bones appear denser than those of other dinosaurs and modern animals.








Without one single complete skeleton, every time a new bit of Spinosaurus turns up, there's a frenzy as people scramble to reimagine what the whole dinosaur might have looked like or how it behaved.




"In dino fandom, that's been a running gag over the last 11 years," Holtz says. Honey, wake up, new Spinosaurus fossils just dropped! "What radical changes of anatomy will there be this time?" 




Any attempts to reconstruct how Spinosaurus moved and lived, including whether it swam, are going to run up against uncertainties about the missing bits of soft tissue -- the volume of fat, muscles, and so forth -- that help researchers reconstruct accurate body mass. That is compounded by the lack of a complete skeleton that could put it all together, showing how all the different bodily components fit to create a whole animal.




And the utter weirdness of Spinosaurus means that there really aren't any obvious living analogs to help things along. Researchers have compared its various body parts and functions with everything from crocodiles to herons to newts to eels, but none are a solid match. "It is an animal that's so different from anything alive today, and that's a wonderful thing," Ibrahim says. "If extinct dinosaurs were simply replicating living animals, I wouldn't be a paleontologist." 




For example, "how many muscles do you pack on a Spinosaurus tail?" he asks. "We can go feature by feature: Yes, it kind of looks like it could be used this way, maybe it could be this, maybe it could be that. With Spinosaurus, we have got a paddlelike tail, we have lots of aquatic features. And yet someone might publish a paper and say maybe the tail was used to play Ping-Pong. Can I disprove that? No. With extinct animals, people can make all sorts of claims that they can never prove." 




Ibrahim sees the debate on just how aquatic Spinosaurus was as, to a degree, hair-splitting. "It's semantics," Ibrahim says. "What do people mean when they say semiaquatic? How do we define a polar bear versus a seal?" Dolphins, marine iguanas, seals -- all have varying degrees of adaptations to spending time in the water. The bottom line, he says, is that Spinosaurus "is an animal with lots and lots of aquatic adaptations." 




Offbeat family 




There is one other line of research that might help illuminate Spinosaurus: studying its extinct family members.




As Tyrannosaurus rex is to tyrannosaurids, so Spinosaurus is to the spinosaurids. It's the one you think of when you picture this group of dinosaurs. It's bigger, stranger, more mysterious than its cousins. Like T. rex, it's just a little bit more.




Spinosaurids were theropods, that fierce, charismatic branch of the dinosaur family tree that includes other sharp-tooths like tyrannosaurs, allosaurs and velociraptors. There are about a dozen or more different types of spinosaurids, including Spinosaurus, Suchomimus, Baryonyx and the aptly named Irritator, so dubbed because the dinosaur's only known skull was doctored up with extra teeth by fossil poachers, vastly annoying the scientists trying to study it.




This whole family of dinos is an enigmatic bunch, says Jingmai O'Connor, a vertebrate paleontologist at the Field Museum in Chicago. "There's a lot of things that we don't know about this group." 




Spinosaurus' relatives also seem to be extraordinarily unlucky when it comes to preservation. For example, the only known fossils of the spinosaurid Oxalaia quilombensis, found at the edge of the Amazon, were destroyed in a 2018 fire at the National Museum of Brazil in Rio de Janeiro.




What we do know is that all spinosaurids showed some semiaquatic adaptations. The other spinosaurids have been found all around the globe, except in North America. Like Spinosaurus, they all had a long, narrow, crocodilian skull, with nostrils positioned well back on the head -- farther back than other theropods -- and a bony crest near the middle of the skull. Many, but not all, spinosaurids also had a distinct feature that gave the group their name: a row of elongated neural spines along the back, sketching out to form a sail on the back -- though none had one as tall as Spinosaurus'.




[image: A paleontologist facing the orange-red ground searching for Spinosaurus fossils]A chance encounter with a fossil hunter in a bazaar led paleontologists (Diego Mattarelli, shown) to the Kem Kem beds of Morocco, where they unearthed an exciting trove of Spinosaurus fossils. Gabriele Bindellini





Then there are the teeth: conical and straight, without obvious serrations, designed for snatching onto food rather than sawing through it. "They're an unusual group of dinosaurs because they're the only group of dinosaurs that seems to be specialized to primarily eat fish," O'Connor says. 




In the absence of other options, researchers have used these close relatives, particularly Suchomimus and Baryonyx, to try to better understand Spinosaurus' ecology and behavior. Vertebrate paleontologist Maria Ciudad-Real of the National University of Distance Education in Madrid and colleagues created a brain cast for Spinosaurus with some missing parts of the cranial cavity filled in by Suchomimus skull material. Compared with other dinosaurs living in the same area at the time, Spinosaurus had reduced olfactory bulbs but larger eye sockets, possibly supporting an aquatic lifestyle. Moreover, Spinosaurus appeared to incline its head downward like a heron or other wading bird would as it scans the water for food, but not at all like a crocodile would, Ciudad-Real reported in 2023 in Cincinnati at the annual meeting of the Society for Vertebrate Paleontology.




Tooth analyses also seem to support the idea that the dinosaur was not particularly croclike. Both Spinosaurus and Baryonyx had relatively skinny teeth that weren't particularly powerful, and most of Spinosaurus' crushing bite force was toward the back of the jaws, according to Evan Johnson-Ransom, a paleontologist at the University of Chicago who presented his team's analysis at the 2023 paleontology meeting. That suggests, he said, that crocodiles aren't a great analog for spinosaurids in general. 




Analyzing the skull alone isn't enough to interpret feeding behavior. Feeding is a whole-body effort: skull, neck, hind limbs, Sereno says. "If it's a heron, it should have a skull, neck and hind limbs that allow it to be a heron." So he and colleagues measured these different skeletal features for Spinosaurus and Suchomimus and plotted the measurements, along with similar measurements for other nonbird dinosaurs, modern reptiles including crocodiles, and modern birds of prey.




That analysis revealed clusters of anatomy and feeding behaviors among the different groups, Sereno and colleagues report in an upcoming study in PLoS ONE. Both spinosaurids plotted right alongside long-necked, semiaquatic birds like herons. 




Taken together, these lines of evidence suggest that spinosaurids were, perhaps, spending a lot of time near the water, but they were waders, Sereno says. It may be that the group was becoming more and more aquatic over time -- but they never quite made it to swimming.




"Spinosaurus was the glory, the capstone of this group," he adds. "It's the farthest it's gone in this direction." But as for swimming, "I just don't think it's gone that far." 




Enduring mystery 




Ask any paleontologist what's needed to better understand an extinct animal, and they'll all tell you the same thing: more bones. 




For Ibrahim, part of the appeal of Spinosaurus is its enduring mystery. It has no close living analog to make things easier, and just bits and pieces that create a tantalizing puzzle, with no picture on the box cover to illuminate what it should look like.




"The thrill of working on Spinosaurus is discovering all these news things. You go into this to see where the evidence leads you," Ibrahim says.




[image: An illustration of a Spinosaurus with its jaw open, displaying many teeth]Some scientists say Spinosaurus' odd array of body parts suggests it was a semi-aquatic hunter, as depicted here in an artist's conception.Davide Bonadonna





His repeated voyages to Morocco's Kem Kem beds continue to turn up treasures, comprising hundreds of new bones that he and colleagues are working to put together into a whole. The puzzle-box cover may be elusive, but he is determined. "We can't discard anything," Ibrahim says. "Even the smallest fragment can actually be the missing piece." 




Other researchers are also on still the hunt. In November, Sereno announced at the 2024 Society for Vertebrate Paleontology meeting the discovery of a partial skeleton of a brand-new, never-before-seen Spinosaurus species. The fossils, found in Niger, included a skull with a narrow-snouted jaw, a forearm with long claws and portions of the hind limb. The skull also had a scimitar-like crest, the tallest ever reported on a predatory dinosaur. That lends credence, Sereno says, to the idea that Spinosaurus' tall sail and tail fin might have been for sociosexual display, rather than propulsion.




This new Spinosaurus species was also, uncontrovertibly, no swimmer, Sereno adds. The site was near a riverbed, but thousands of kilometers from any water deep enough for such a large animal to swim in.




Meanwhile, in popular imagination, Spinosaurus's star continues to rise, fueled by its ongoing mystique. In addition to the Jurassic World movie, Spinosaurus is getting its own dedicated episode in the BBC's upcoming nature documentary Walking With Dinosaurs 2. The new series, whose release date hasn't yet been announced, is a sequel to the 1999 miniseries, which combined computer-generated imagery with live-action footage to simulate the lives and times of dinosaurs.




The follow-up series was, in part, built around the desire to feature this oddball animal, says Ibrahim, who served as scientific consultant for the Spinosaurus episode. It was the first dinosaur the documentary crew chose to include in the new series, Ibrahim says. "Spinosaurus is very much the superstar." 
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In late 2022, pharmacist Joseph Lambson got an unusual call from a poison control specialist.




He said, "Hey Joe, I'm getting these weird calls about semaglutide." According to the specialist's calculations, people were giving themselves 10 times the correct dose. But that didn't make sense. The drug is the key ingredient in the blockbuster diabetes and weight-loss medications Ozempic and Wegovy. Both come in prefilled injector pens, which typically take the guesswork out of dosing.






Lambson, a board-certified toxicologist, knew right away what was going on. "This drug is probably being compounded," he remembers thinking. He was right. After investigating, Lambson's team at the Utah Poison Control Center in Salt Lake City reported that people were overdosing on compounded semaglutide. That means "a lot of nausea, a lot of vomiting, a lot of diarrhea," he says.




Ozempic and Wegovy, made by Novo Nordisk, had both been on the U.S. Food and Drug Administration's drug shortage list since 2022. Across the boundless wilds of the internet, online sellers sprang up to meet demand. Some sold compounded medications. When pharmaceutical companies can't keep up with demand for their FDA-approved drugs, compounding pharmacies can step in to fill the gap. These pharmacies measure and mix a drug's active ingredient, creating a product that's essentially a copy of the brand-name drug. Outside of shortages, compounding pharmacies routinely provide medicines that aren't otherwise available or need to be tailored to a particular patient.




[image: A woman holds her prescription of the compounded weight-loss drug tirzepatide to show what comes in the kit, which includes a syringe about the length of her hand with an orange safety tip and a tiny bottle of the liquid medicine about half the size of her thumb.]Melanie T. shows a syringe and a vial of compounded tirzepatide, which she got with a prescription from a telehealth company.Melanie T.





But even with legal, compounded forms of semaglutide, which require a prescription and usually come premixed in a vial with a syringe, patients can run into trouble, as Lambson found. People weren't always sure how to take the drugs, so "they just went for it," he says.




Last year in Clinical Toxicology, emergency medicine doctors reported similar issues in a few cases. One man injected 20 times the correct dose of semaglutide because he misunderstood instructions.




Semaglutide belongs to a class of medications known as GLP-1 receptor agonists. Even when used correctly under doctor supervision, they come with potential side effects. And when patients have to pull up the correct dose with a syringe, the risks go up. Soon, the situation could get even dicier.




In February, the FDA removed semaglutide from the drug shortage list. By May, pharmacies will no longer be able to dispense compounded versions, though that depends on ongoing litigation. It's a similar story with another GLP-1 drug, tirzepatide, the main ingredient in Mounjaro and Zepbound, Eli Lilly's diabetes and weight-loss drugs. The FDA erased tirzepatide from the drug shortage list in October.




But just because a drug is off the list doesn't mean supply is guaranteed. And even with new discounts offered by pharmaceutical companies, the drugs' prices keep them out of reach for many patients -- especially since insurance won't always cover them.
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High prices could drive people to seek out more affordable versions from less-than-reputable sources. "That's what I'm worried about," says C. Michael White, a pharmacist and researcher at the University of Connecticut in Storrs. People reliant on legitimate compounded products may soon "go further down the rabbit hole."




That rabbit hole includes websites that sell GLP-1 drugs "for research only," like powdered semaglutide or tirzepatide that's intended for use in the lab, not for humans. With just a few clicks, anyone with an internet connection can purchase a vial of the drugs for about a hundred bucks -- and without a prescription. Consumers don't need to verify they're a researcher or offer proof that they belong to a scientific institution. All they need is a credit card.




"I feel healthier now than I felt when I was in my 40s."
 Melanie T.
tirzepatide user





Scientists around the country have raised concerns about drug quality, dosing and scams. Buyers must rely on themselves to reconstitute and inject these drugs, without physician guidance. That means buying a specific type of sterile water, calculating how much to add to the vial of freeze-dried powder, mixing it and then figuring out exactly how much to draw up in a syringe and inject into the body. It's a recipe for confusion -- and potentially danger.




But for many people, the benefits of GLP-1 drugs are well worth the risks. They can be a lifeline, helping people lose weight, lower the risk of heart attack and improve their all-around quality of life. For Melanie T., a 70-year-old woman on compounded tirzepatide, the drug has transformed her body and her life. "I feel so good now," says Melanie, who is using only her first name to protect her privacy. "I feel healthier now than I felt when I was in my 40s."




When her compounding pharmacy stops dispensing tirzepatide, she's open to exploring her options. "What is my alternative if I don't have this?" she says. "I don't really have one."




The life-changing effects of GLP-1 drugs




Melanie injected her first dose of compounded tirzepatide into her abdomen on August 8, 2024.




She had always been petite, 5 feet, 3 inches tall, and between 115 and 120 pounds, but "menopause changes everything," she says. At 70 years old, she weighed 174 pounds and felt terrible. Her knees hurt, her back hurt, she was short of breath, and she had a laundry list of other health issues, including hypothyroidism, fibromyalgia and swelling in her legs.




For years, Melanie went from doctor to doctor, trying all sorts of therapies and diets. There were supplements, IV drips of vitamin C, intermittent fasting (when she ate only during certain times of the day) and water fasting (when she consumed only water and electrolytes for days at a time). Nothing seemed to help. She was sick and not getting better, Melanie says. "The weight was not going down."




Finally, she says, "I said the hell with this." Her daughter told her about GLP-1 drugs, and Melanie ordered compounded tirzepatide from an online telehealth company. That involved completing an online intake form and video chatting with a doctor, who prescribed the medication.




GLP-1 drugs imitate an assortment of gut hormones involved in metabolism and act on the body in myriad ways; they can cause food to stick around in the stomach longer, lower blood sugar and tell our brains that we're not hungry. Semaglutide mimics one hormone, GLP-1. Tirzepatide mimics two, GLP-1 and GIP. And retatrutide, still in clinical trials, mimics those two plus an additional hormone called glucagon. Generally, more hormones mimicked means more weight lost.




After Melanie's first week on tirzepatide, she lost five pounds. By week two, she had dropped nine. When I talk to Melanie in March, she has gone down to 116 pounds. Her joint pain has disappeared, as has her fibromyalgia. But one of the biggest changes has been her relationship with food. Ice cream, once a favorite treat, is now "so overpoweringly sweet that it's disgusting," Melanie says. Food overall is just not as enjoyable. "I eat because my brain tells me I need to eat. I don't eat for cravings."




"I eat because my brain tells me I need to eat. I don't eat for cravings."
 Melanie T.





That silencing of food noise, the relentless buzz of food-related thoughts in the brain, is a common effect of GLP-1 drugs. So are Melanie's weight-loss results. On average, people on a high dose of tirzepatide lose about 20 percent of their body weight. With such drastic results, it's not surprising that some 6 percent of U.S. adults may be on a GLP-1 medication, according to a 2024 poll.




As Melanie discovered, GLP-1 drugs can help the body in other ways, too. A study of nearly 216,000 U.S. veterans found that people on the drugs were less likely to have substance use disorders, psychotic disorders, seizures, dementia and infections, among other health benefits, researchers reported in January in Nature Medicine.




But the medications aren't without side effects. The study uncovered the usual gastrointestinal issues linked to GLP-1 drugs, like abdominal pain, nausea and vomiting, as well as less well-known conditions, including stomach paralysis and diverticulitis, where bulging pouches of the large intestine become inflamed. Such side effects may help explain why 65 percent of people without type 2 diabetes who take a GLP-1 drug quit within a year, scientists suggested in January in JAMA Network Open. Serious problems are likely to be rare, though. Less than four emergency department visits occur for every 1,000 patients dispensed semaglutide, researchers estimated in April in the Annals of Internal Medicine.




For Melanie, the first two weeks on tirzepatide were the roughest. She had no appetite and severe nausea. "It felt like somebody donkey-kicked my stomach," she says. "I thought I was going to die." She stayed inside, laid on the couch and rode it out. By the third week, most of the side effects had disappeared.




Today, Melanie's got a compounded product she trusts -- and can afford -- and feels comfortable using a syringe and vial. But recent data suggest that not everyone is so adept.




Off-brand drugs can lead to dosing errors




In New Mexico, where Lambson is now the director of the state's Poison and Drug Information Center, GLP-1-related calls have doubled every year since 2021. That trend holds up nationally. In 2024, poison control centers across the United States managed 8,502 GLP-1-related cases, says Kaitlyn Brown, clinical managing director of America's Poison Centers, a national nonprofit organization that represents the 54 accredited poison centers in the United States. That's compared with 892 cases logged in 2019 -- an 850 percent increase.




It's impossible to say how many of these cases stem from compounded or other versions of the drugs. But about 75 percent were due to unintentional therapeutic errors, meaning people used the wrong dose or otherwise administered the drug incorrectly. From a poison control perspective, Brown says, "it's obviously more of a risk when you're giving a patient a syringe and a vial."





Concerning cases




In 2024, there were 8,502 GLP-1-related cases reported to poison control centers across the United States. That's nearly 10 times as many cases as in 2019.




GLP-1 exposures reported to U.S. poison control centers



[image: Graph showing the sharp rise in GLP-1 exposures reported to U.S. poison control centers]America's poison centers National Poison Data System, graph by T. TibbittsAmerica's poison centers National Poison Data System, graph by T. Tibbitts






As of February 28, the FDA has received nearly 800 reports of adverse events linked to compounded semaglutide or tirzepatide. These reports aren't proof of causation, but it's possible some adverse events may be due to dosing errors. And dosing is just part of the confusion. Vendors selling compounded GLP-1 drugs sometimes have incomplete or misleading information on their websites, researchers reported in January. A Super Bowl commercial spotlighted these issues in February, when two U.S. senators sent a letter to the FDA raising concerns over a telehealth company's ad about compounded weight-loss medications. The ad made no mention of risks or side effects.




"Everyone's trying to make money -- manufacturers, compounding pharmacies, counterfeiters, everybody," says Tim Mackey, a public health researcher at the University of California, San Diego. "I really think the patient is the victim here."




That's where responsibility for vetting online vendors and pharmacies tends to fall. Patients can check if a compounding pharmacy in their state is legitimate and licensed, says pharmacist Tenille Davis, chief advocacy officer at the Alliance for Pharmacy Compounding. That industry trade organization has developed an online tool for this task and has suggested questions consumers can ask when choosing a compounding pharmacy.




Compounded drugs, though legal, are not FDA-approved. According to the agency, it doesn't "review compounded drugs for safety, effectiveness or quality before they are marketed." That doesn't make them inherently dangerous, Davis says. "Compounding is a part of the practice of pharmacy," she says. "Pharmacists jump in and help with drug shortages all the time." But never like what's happened with GLP-1 drugs.




Even though Ozempic, Mounjaro and Wegovy are off the shortages list, pharmacies have reported difficulty obtaining enough of these drugs to meet demand, Davis says. Without compounded versions to shore up supply, "we worry that patients are going to have access issues with this medication."




That could push patients from the sometimes-complicated world of compounded drugs into far-less-certain territory. With brand-name GLP-1 drugs either out of supply or too expensive for some patients to afford, more people may seek out the shadowy universe of GLP-1 peptides. These chemicals include the same active ingredient as the brand-name drugs and compounded versions, but don't require a prescription. That's because vendors say these peptides are for research use only or not for human consumption.




And with neither physician nor pharmacist for support, people are hunting for medical advice on these peptides in unconventional places, like private Facebook groups and secret social media chats -- where drugs are given code names and users test unapproved chemicals on themselves.




[image: The spectacled face of a person staring into a mobile device, presumably browsing an online marketplace to purchase compounded semaglutide and tirzepatide, the key ingredients in the GLP-1 weight-loss drugs Ozempic and Zepbound.] Eoin Ryan





A community of peptide users




As part of my reporting for this story, I joined multiple peptide groups online. I was kicked out of the first one I got into on Facebook. It's a private group with more than 22,000 members, and the rules stipulate that any talk of research peptides for human use is not allowed.




But group members exchange advice on where to buy peptides and how to administer them. Some people refer to them as S$ma or T!rz and say they're for an "RS," or "research subject," a way to avoid calling attention to human use. Others are more direct, recommending peptides for weight loss and describing their experiences using them.




[image: Three text clouds display messages about semalgutide, tirzepatide and retatrutide, using the code names S$ma, T!rz and R$ta; the messages talk about side effects and dosages]On social media, people share advice on how to buy and use GLP-1 drugs from online peptide sellers. In these messages, like the unedited ones shown here, users often use code words to refer to the drugs.T. Tibbitts





These include the usual suspects, like semaglutide and tirzepatide, but also retatrutide, the GLP-1 drug still being tested in clinical trials. It might help patients shed more weight than anything currently on the market. "I just started Reta last week," one member posted. "Felt better than when I was taking sema."




When I identified myself as a writer for Science News and asked if anyone would speak about their experiences, people called me a snitch, a cop and a Big Pharma shill. One member suggested that this story could shut down peptide-seller websites. "Don't ruin what we have," another said. The concerns underscore just how difficult it can be to access medications like Wegovy and Zepbound -- and how important they are to people's lives.




Despite the benefits, people may face negative attitudes about using drugs for weight loss. They may be "stigmatized for taking the 'easy way out,' " A. Janet Tomiyama, a UCLA psychologist, wrote in the January Annals of Behavioral Medicine.




That's not how we should treat people who want to go on these medications, says Kai Jones, an endocrinologist at Washington University in St. Louis. In her practice, she and her colleagues talk with patients about stigma, weight and how obesity requires chronic management. "Often, folks are blamed because of the way they look or their body composition," she says. "I think it's important to reach out to folks with empathy, to understand where they're coming from." That includes figuring out what barriers people face when trying to access these medications.






Name-brand drugs come with big price tags




GLP-1 drugs are big business. In February, Novo Nordisk reported a 25 percent jump in sales from 2023 to 2024, largely thanks to Ozempic and Wegovy. Eli Lilly's revenue rose 32 percent, driven by sales of Mounjaro and Zepbound.




Though many insurance plans pay for the meds for type 2 diabetes, coverage can be spotty for people who are overweight or obese but do not have diabetes. That's why Melanie's insurance didn't cover a GLP-1 prescription. For her, paying out-of-pocket was out of the question. And because people may remain on the meds indefinitely, costs can pile up.




The list price for GLP-1 drugs runs from around $1,000 to $1,300 per month. To expand access, pharmaceutical companies have begun offering discounts. Eli Lilly now sells Zepbound, its tirzepatide obesity drug, directly to consumers for $349 or $499 per month, depending on the dose. But the deal is cash only, and the medication comes in a single-dose vial, not an injector pen. That's still too high of a price for Melanie -- double what she's currently paying for compounded tirzepatide.




In March, Novo Nordisk announced a similar plan for Wegovy. Cash-paying customers can buy injector pens for $499 per month.




Even with new discounts, though, purchasing peptides from "research only" sellers may still be the cheapest option. A one-month supply can cost less than $100.




Lambson says he understands the frustration of consumers who can't afford or don't have access to either brand-name or compounded versions of GLP-1 medications. But he worries about people tracking down their own peptide supply. Going online and buying the drugs from unvetted sources that don't require a prescription "can really put you at harm's risk," he says.
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Why experts are worried about peptide sellers




Last year, Mackey, the public health researcher at UC San Diego, and colleagues reported purchasing semaglutide from six online vendors that didn't require a prescription. "We got scammed on three of the six orders," Mackey says. Vendors would fake tracking numbers that showed packages held up at customs and then demand hundreds of dollars in fees to release the medication.




Of the three orders that did arrive, one had high levels of endotoxin, a sign of contamination. All three orders had low purity levels; in one case, just 7.7 percent purity, compared with the 99 percent purity claimed by the seller, Mackey's team reported last year in the Journal of Medical Internet Research. "Such a low purity is concerning," Mackey says, "because you have no idea what the rest is and whether it could be harmful when injected."




And though the semaglutide peptide sellers included "research use only" on their labels, one seller offered injection guidance, and others touted the potential health and weight-loss benefits of their products. "It's clear that they're advertising for human use, but they're trying to skirt the rules," Mackey says.




Websites like the ones Mackey ordered from aren't hard to find -- anything but. "Once you start looking, they find you," says White, the University of Connecticut pharmacist. Just Googling how to buy these drugs without a prescription brought up ads on his and his colleagues' Facebook and Instagram feeds.






Of 38 websites that sold GLP-1 drugs "for research purposes," only four asked buyers to check a box stating that they were a researcher, White's team reported in the Annals of Pharmacotherapy last September. And none of the 38 sites verified that buyers were actual researchers. Some of the companies White and colleagues investigated display customer testimonials on their websites or social media ads trumpeting how well the products work for weight management or suggesting they could be used by humans for non-research purposes.




Selling these drugs under the guise of research is a huge loophole "that the FDA really needs to fill," White says.




The FDA has already issued warning letters to several online vendors. After a December warning to Summit Research Peptides, the company still sells tirzepatide and semaglutide peptides but no longer includes health claims on its website. And US Chem Labs, which the FDA warned in February 2024, removed language from its website extolling their products' weight-loss powers, though its product pages for semaglutide still include information about therapeutic uses.




For Melanie, buying from peptide-selling websites like these seems like a workable option. She's not worried about measuring out the water or mixing the drug. Though she's not at that point, yet. Her current supply of compounded tirzepatide will take her almost to September. She's stretching the time between doses, injecting herself every week and a half or so. Melanie has considered going off the meds completely, but she's not sure how her body would respond.




Melanie is not flippant about where her drugs come from, nor is she careless with her medical decisions. She's a thoughtful person who takes her health seriously. It's just that, for her, the risk of not having tirzepatide is greater than the risk of buying it from an unvetted source.




"I can't go back to feeling the way I was feeling for all those decades -- because I got a taste of feeling healthy now," she says. "I can't go back."
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On a bright, late-summer day in north-central Europe around 300,000 years ago, a team of perhaps a couple dozen hunters got into their assigned positions for a big kill.




Little did they know that remnants of this lethal event would someday contribute to a scientific rethink about the social and intellectual complexity of Stone Age life.




Some of the hunters ascended a ridge where they gazed across a vast, marshy grassland below. Trees dotted the landscape and bordered a braided stream leading to a nearby lake.
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From their elevated perch, these close evolutionary relatives of people today watched a herd of wild horses traipse across the grassy floodplain, heading for the lake. Descending slowly from the ridge, the hunters closed in from behind on their prey -- a family consisting of a stallion, several mares and two of their young.




Sensing a distant threat, the mares picked up speed and continued straight ahead. The rest of the family followed behind in a single line, a behavior the hunters had observed many times before. Sentries positioned at key spots guided the queue of fleeing horses to a predetermined ambush spot.




As the animals neared the lakeshore, hunters armed with wooden spears leaped out from hiding places in clumps of tall reeds and sedges. Uneven, sloshy lakeshore soil slowed the four-legged targets and kept them off-balance. Other hunters blocked escape routes. A frenzy of wooden-spear throwing and thrusting dispatched the entire horse family.




[image: A stack of seven wooden spears in a row.]Wooden spears found at Schoningen in northern Germany are among the oldest spears in the archaeological record.MINKUSIMAGES, Christa Fuchs, Matthias Vogel, (c) NLD





The hunting party then ate or carried away only what was needed. A few months later, hunters returned to ambush another horse family.




This unusually detailed reconstruction of an ancient communal hunt and its aftermath comes from a new analysis of an archaeological site in Germany called Schoningen. The latest findings at the site, which has been excavated over the last 30 years, fuel a growing conviction that a flair for planning and collaboration comparable to that of people today arose far earlier in our evolution than traditionally thought.




"We keep finding evidence of 'modern human behavior' in Homo species other than Homo sapiens, especially [Neandertals]," says Jarod Hutson, a zooarchaeologist at the MONREPOS Archaeological Research Center and Museum for Human Behavioral Evolution in Neuwied, Germany.




Bucking orthodoxy about 'modern' human behavior




Archaeologists have traditionally held that an ability to plan and organize communal hunts, along with other aspects of so-called modern human behavior, emerged only about 50,000 years ago. Some researchers suspect still unspecified brain-related genetic changes at that time rapidly transformed thinking abilities in H. sapiens.




But that sudden mental and behavioral revolution relatively late in our species's evolution may never have happened.
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A growing number of reports have concluded that many hallmarks of modern behavior, including artwork and other symbolic acts, originated even earlier, during the Middle Paleolithic, a period that started at least 300,000 years ago and ran until at least 50,000 years ago. For instance, a South African cave has yielded a 73,000-year-old crosshatched line drawing etched on a rock, 75,600-year-old shell beads and 100,000-year-old remnants of pigment paint. Even earlier, Neandertals built ring-shaped structures out of stalagmites deep inside a French cave around 176,500 years ago. Neandertals may also have painted on cave walls at least 66,700 years ago.




Evidence of ancient communal hunting at Schoningen and elsewhere corrals further clues to the behavioral sophistication of ancient humans and our evolutionary relatives.




In their new study, published last year in the Journal of Human Evolution, Hutson and colleagues analyzed animal bones, ecological data, hunting weapons and butchery tools at Schoningen. Some parts of the hunt and the planning behind it undoubtedly eluded investigators. That's understandable -- the hunters lived 12,000 generations ago in a poorly understood culture.




[image: An aerial image of Schoningen, with trees and buildings in the view.]Since the 1990s, scientists at Schoningen (shown) have recovered more than 1,000 stone artifacts and thousands of horse fossils.Julian Stratenschulte/Picture Alliance via Getty Images





No Homo fossils have turned up at the German site, leaving Hutson unsure about the hunters' evolutionary identity. They might have been direct ancestors of Neandertals or common ancestors of Neandertals and H. sapiens. Some researchers assign European and African Homo fossils from about 700,000 to 200,000 years ago to a species called Homo heidelbergensis.




Whatever their species, Schoningen's horse hunters undermine a popular view that Stone Age folks eked out a living gathering plant foods and scavenging animal carcasses abandoned by large predators. In that scenario, one or a few hunters from small, mobile groups occasionally secured a meaty bonus.




Not so at Schoningen. Communal hunts there included all able-bodied men, women and children, Hutson suspects. That's what's been documented among recent and historical hunter-gatherers. Everyone could play a role in tracking horses and driving them toward ambush sites, even if only the physically strongest individuals speared trapped animals to death.




"Schoningen shows our Middle Paleolithic ancestors already had great knowledge of their environments, used the immediate topography to their advantage and had a sophisticated understanding of animal behavior, making them successful communal hunters over and over again," says Ashley Lemke, an archaeologist at the University of Wisconsin-Milwaukee. She studies structures that ancient human groups built to assist in driving and trapping prey at other sites.




Ambushing horse families




Preserved wooden spears found at Schoningen, which now number 10, have attracted worldwide attention. Coal mining operations led to the initial discovery of three spears, as well as stone tools and animal bones, in the 1990s.




Spears at the German site are among the oldest known such weapons. A long piece of wood with one end shaped into a point, discovered in England in 1911 and known as the Clacton spear, dates to roughly 400,000 years ago, about 100,000 years earlier than the Schoningen finds.




[image: Two views of a canine jaw.]Studying aspects of horse teeth revealed the sex and age of hunted horses and even the timing of hunts. The large canine tooth near the front of this lower left jaw (shown from two angles) indicates the horse was male.Aritza Villaluenga





In addition to wooden spears, excavations at Schoningen have uncovered six double-pointed sticks, which hunters may have used as spears or daggers. Partially preserved wooden implements displaying intentional splits near pointed or rounded ends have polished edges and other wear consistent with hide preparation.




Around 1,500 stone artifacts unearthed at Schoningen include sharp-edged flakes suitable for cutting apart carcasses. Hutson's group suspects hunters employed a variety of bone tools to sharpen stone flakes and break bones for marrow.




Researchers have found no remnants of fireplaces or burned bones at the site. Hunters might have eaten what they could without cooking it on the lakeshore before carrying equine edibles back to a camp. But it remains unknown whether these ancient folks could light controlled fires.




Hutson's team delved into what happened before, during and after Schoningen's ancient horse hunts. The investigators focused on about 9,000 excavated bones, including lower jaws retaining teeth, that belonged to wild horses. Butchery marks on smaller numbers of bones from red deer, bison and wild cattle indicated that hunting of those creatures, either individually or in herds, occasionally occurred.




Among the horse specimens, which represented at least 54 individual animals, the researchers found several families. Tooth size and the extent of tooth wear pegged 22 horses as juveniles up to 2 years old, 29 as adults mostly between 5 and 6 years old, and three as seniors older than 15.




Tellingly, few signs of 3- to 5-year-old adolescent horses appear at Schoningen. Adolescent male horses leave their families to form bachelor groups or travel solo until they reach full maturity. Rather than queuing up family-style in response to threats, bachelor groups tend to disperse haphazardly. Communal hunting of horse families would leave behind limited evidence of slaughtered adolescents, as Hutson and colleagues found.




Given a family-friendly age profile for the Schoningen horses, it's reasonable to conclude that hunting teams exploited the animals' predictable behavior in family groups to drive them into lakeshore ambushes, the investigators say.




Clusters of butchery and scraping marks, as well as intentional bone breaks to remove marrow, appear mainly on remains of prime-age adults. Hunters limited the amount of protein-rich lean meat consumed at kill sites, the researchers suspect. Eating too much protein can cause weight loss, ill health and death.




Tool marks on horse ribs indicate that hunters cut through the chest to remove and eat internal organs, such as the vitamin C-containing liver. Fat crucial to a balanced diet may have been removed from parts of horses that do not preserve butchery marks, such as the neck and abdomen.




Despite attracting little interest from hungry hunters at kill sites, young horses at Schoningen provided crucial clues to how often hunts occurred. Based on the timing of modern horse births in late spring, juvenile horse deaths in the ancient sample occurred in every season but peaked in late summer and early autumn.




"This evidence implies that the Schoningen [hominids] were present at the lakeshore year-round, or nearly year-round," Hutson says. Hunting parties probably ensnared horse families over several consecutive generations, he adds.




Teamwork among early hunters




Other ancient Eurasian sites contain signs of communal hunting that align with a picture of intricately planned and executed horse ambushes at Schoningen.




Numerous bones of butchered fallow deer and other relatively large prey that accumulated along an ancient lakeshore in Israel raise the possibility of communal hunts even before the Middle Paleolithic. Around 780,000 years ago, hominids at Gesher Benot Ya'aqov regularly hunted herd-forming animals and mainly butchered adults in their prime.




In northern Spain's Atapuerca Mountains, Neandertal ancestors conducted communal bison hunts around 400,000 years ago, researchers reported in 2017 in the Journal of Human Evolution. In several organized events, hunting groups drove bison herds to the edge of an underground cave called Gran Dolina where the animals plunged to their deaths or were finished off on the cave floor by individuals wielding weapons, according to archaeologist Antonio Rodriguez-Hidalgo of the Catalan Institute of Human Paleoecology and Social Evolution in Tarragona, Spain, and colleagues.




Their analysis of at least 60 bison identified from over 22,500 Gran Dolina fossils detected young, prime-age and old individuals consistent with predation on entire herds. Tooth wear placed the deaths of young bison mostly in the late spring and early summer and again in early fall, suggesting at least two communal hunts.




Rodriguez-Hidalgo suspects that 50 to 100 individuals participated in some aspect of Gran Dolina mass hunts, whether driving bison herds to their fatal nosedives, butchering carcasses or carrying the considerable yield to nearby camps.





The history of hunting




Some scientists argue early hominids wielded stone tools to scavenge meat before true hunting began about 2 million years ago, close to the advent of the Acheulean hand ax. Hunting tactics grew increasingly sophisticated after that.
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				3.3 million years ago: Hominids make crude stone tools.				Harmand/MPK/WTAP			
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				3 million to 2.6 million years ago: Butchered animal bones appear in the archaeological record.				T.W. Plummer et al/Science 2023			
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				400,000 years ago: Wooden spears come into use.				geni/Wikimedia Commons (CC BY-SA 4.0)			
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				300,000 years ago: Communal hunts occur at Schoningen.				Abramova_Kseniya/iStock/Getty Images Plus			
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				125,000 years ago: Hunters target large land animals like elephants.				Baperookamo/Wikimedia Commons (CC BY-SA 4.0)			
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				80,000 to 60,000 years ago: Bow and arrow in use.				Focus_on_Nature/iStock/Getty Images Plus			
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				10,000 years ago: Hunters build structures to trap animals.				(c) Michal Grabowski			
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				2,600+ years ago: Hunters ride horses to stalk big prey.				Osama Shukir Muhammed Amin FRCP(Glasg)/Wikimedia Commons (CC BY-SA 4.0)			
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				Late 19th century: Firearms largely replace muscle-powered weapons.				Arthurrh/Wikimedia Commons (CC BY-SA 3.0)			


			



		

	








Communal hunting requires larger groups and far more planning, anticipation and teamwork by individuals with different roles than the cooperative hunts of animals such as wolves, orcas and chimpanzees, Rodriguez-Hidalgo says.




The ability to speak a language and understand that words symbolize objects and actions made communal hunts possible, he contends. When language originated has long inspired heated debates, but scholars have often assumed that spoken tongues developed only in H. sapiens.




An ability to think symbolically lies at the root of supernatural and religious beliefs as well, Rodriguez-Hidalgo says. "Does this mean the [hominids] of Gran Dolina or Schoningen believed in God or the Great Spirit?" he asks. "No, in my opinion, but they were no longer wolf packs hunting by instinct."




Increasing evidence, including those ring-shaped structures and wall art inside European caves, suggests that Neandertals held symbolic beliefs of some kind. In line with those clues, excavations at Middle Paleolithic sites dating to between about 130,000 and 50,000 years ago indicate that Neandertals formed teams that effectively hunted a range of herd animals.




At five European sites, our close evolutionary relatives ambushed groups of bison, wild cattle, rhinos, horses and reindeer, according to work by archaeologist Mark White of Durham University in England and colleagues. Much like the Schoningen horse hunters, Neandertals slaughtered prey indiscriminately but preferred to eat prime-age adults. White's group dubbed Neandertals "excellent tacticians, casual executioners and discerning diners."




Tactical advantages of communal hunting




Even presented with Schoningen's butchered bones, cutting tools and reconstructed marshy lake, archaeologists can only partially untangle how communal hunts played out hundreds of thousands of years ago. Although far from being Stone Age relics, modern hunter-gatherers and Indigenous groups can help fill in some blanks.




Throughout the world, nonindustrial societies have frequently used communal hunting tactics with great success, archaeologist Eugene Morin of Trent University in Peterborough, Canada, and colleagues reported last year in Current Anthropology.




Communal hunts in recent centuries included anywhere from two to several hundred people. In many recorded instances, some hunters drove prey to locations bounded by lakes or cliffs where others ambushed them, much like Neandertals and the ancient Schoningen horse hunters.




Hunters could conduct drives on foot, on horseback, in motor vehicles or by setting fires that forced prey toward ambush spots.




Some communal hunts trapped small prey such as rabbits in nets. In other cases, hunting communities built stone walls or fences that formed paths through which larger animals were driven into corrals. Human-made structures designed to trap animals may date to 10,000 years ago or earlier.




Morin's group analyzed 139 extensive written descriptions by explorers and ethnographers of communal and solo hunts dating from the 1600s to the 2000s. Most accounts concerned hunter-gatherers in North America, Africa, South America, Australia and Pacific Ocean islands.




Communal hunts were common until being largely replaced by hunters who relied on repeating rifles and dogs in the late 1800s, the researchers say. Compared with solo hunting, communal tactics produced much larger and more predictable yields of animal foods, they estimate. In open settings, horseback riding increased communal hunting ranges and the ability to divert herds.




Men, women, children and the elderly from different local communities joined forces in communal hunts studied by Morin's group. These gatherings also served social purposes, helping adults to find mates and make trade contacts.




Researchers currently cannot specify the size and makeup of ancient communal hunting groups or untangle how hunters socialized with one another, says archaeologist Lutz Kindler of the MONREPOS research facility. Kindler, who was not part of the new Schoningen study, coauthored a 2023 report describing evidence of straight-tusked elephant hunting and butchery by large groups of Neandertals at a site in Germany called Neumark-Nord.




"After a horse hunt, did the Schoningen people just sit down, slice meat, break bones and recharge their energy, or did they pat each other on the back, laugh and celebrate?" Kindler asks.




Ancient communal hunters certainly worked hard. Perhaps they played hard, too.
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	Tech billionaires' vision of an AI-dominated future is flawed -- and dangerous

	A new book unravels the fantasy of a limitless society in outer space served by superintelligent AI
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In the eyes of tech billionaires, our future is clear. We will be an ever-growing society living in outer space, our every need answered by superintelligent AIs. This vision may seem like science fiction. But around the world, a league of financial elites believes that such a transhumanistic future -- one where technology enhances human capabilities and lets us surpass biological limitations -- is inevitable.




Science journalist Adam Becker counters this fantasy in More Everything Forever. In a deeply researched and engaging narrative, Becker dives into AI's limitations to show that this vision of the future is not only unrealistic but also laden with racism, sexism and "endless capitalism of the most brutal sort."
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Take AI hallucinations, inaccurate information produced by a chatbot. Large language models like ChatGPT often make these mistakes. For instance, not too long ago, Becker asked ChatGPT whether the Great Wall of China is the only artificial structure that could be seen from Spain. No, the chatbot replied, but other structures can be seen from Spain, including the Eiffel Tower in Paris or skyscrapers in Dubai. These are obvious falsehoods.




Such hallucinations will continue, Becker writes, until an AI comes along that truly comprehends the connection between words and the concepts they represent. Some tech leaders argue that the solution is to just train AI on more data. But this thinking is flawed, Becker notes. Training these models on more and more internet content, which now includes the faulty content generated by AI chatbots themselves, could make some models collapse, moving further from their original training data and spewing nonsense. Such training could also exacerbate existing cultural biases within the tech, including hate speech, gender bias, racism and sexism.




More Everything Forever contends that tech billionaires' seductive visions of a sci-fi future divert our attention from the real challenges that plague humankind -- global warming, massive inequality, potential nuclear war. These political and social problems can't be solved by technology, Becker argues convincingly. "Nothing is coming to save us. There's no genie inside a computer that will grant us three wishes," Becker writes. "Technology can't heal the world. We must do it ourselves."




Buy More Everything Forever from Bookshop.org. Science News is a Bookshop.org affiliate and will earn a commission on purchases made from links in this article. 
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	These ancient Maya-era puppets may have been used in rituals

	The figurines indicate cultural connections with other parts of Mesoamerica

			
				




Five oddly expressive clay figurines, made on the edge of the Maya world about 2,400 years ago, were probably used as puppets in public rituals to commemorate mythical or real events.




"They would have either represented actual personages, or they were generic 'media' for rituals connected to rulers," says archaeologist Jan Szymanski of the University of Warsaw.




Szymanski and his colleague Gabriela Prejs unearthed the puppets near the top of a ruined pyramid at the San Isidro archaeological site, a little under 50 kilometers west of San Salvador. The soil layer containing the puppets dates to about 400 B.C. But such figurines may have been used throughout the Maya Preclassic and Classic periods, from about 2000 B.C. to A.D. 900, Szymanski and Prejs report March 5 in Antiquity.
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One of the largest puppets is about 30 centimeters tall and depicts a man, while two others of similar size depict women. The three large figurines lack hair, but two smaller ones -- one almost 18 centimeters tall and the other about 10 centimeters -- depict women with locks of hair on their foreheads.




The puppets had no clothes when they were found, but Szymanski thinks they were decorated for their ritual roles. "I'm pretty sure that they were given clothes and wigs in order to look more lifelike," he says.
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The most striking features of the large puppets are their movable heads and strange facial expressions. From eye level, the puppets look angry, but from above they seem to be grinning, and from below they look scared, Szymanski says.




What messages or stories they would have been posed to convey, however, are not known.




University of Michigan archaeologist Joyce Marcus, an expert on Mesoamerican figurines who was not involved in the study, says the ability to move the puppets' heads was "probably a sight to behold, a kind of 'numinous' [spiritual] experience."




This suggests that the figurines may have portrayed participants in rituals, witnesses to certain events or deceased individuals who were "brought to life" during the public rituals, she says.




Similar figurines have been found elsewhere in Central America, hinting at unexpected cultural connections between the San Isidro site and these other areas. The region was once thought to be a southern frontier of Maya culture, centered in the lowlands of Chiapas and Yucatan in Mexico, as well as Belize and eastern parts of Guatemala. But Szymanski says that the discoveries indicate the region was instead a cultural crossroads linking the Maya world with other societies.
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In the world of Harry Potter, one's memory can be manipulated with the flick of a wand. Albus Dumbledore reels wispy memories out of his head and puts them in a Pensieve. If he later dunks his head in that magical basin, he can see his past experiences with lifelike clarity. Hermione Granger, meanwhile, uses the spell "Obliviate" to remove herself from her parents' memories to protect them from the wizarding world.
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 A messed-up body clock could be a bigger problem than lack of sleep

 Poor 'chronohygiene' may harm your health and mood

 
 




On the eve of Daylight Saving Time, I flew home to Vermont from California. Crossing several time zones, I arrived near midnight. At 2 a.m., the clock jumped ahead an hour, leaving me discombobulated.




"How messed up am I?" I asked sleep researcher and evolutionary anthropologist David Samson days later.
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 A quantum computing milestone is immediately challenged by a supercomputer

 There's no clear quantum advantage yet in tests of real-world problems

 
 




The tug-of-war between quantum computers and classical computers is intensifying.




In just minutes, a special quantum processor, called a quantum annealing processor, solved a complex real-world problem that a classical supercomputer would take millions of years to complete, researchers claim March 12 in Science.
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 A child who got CAR-T cancer therapy is still disease-free 18 years later

 That suggests the personalized treatment may work for solid tumors, not just blood cancers

 
 




About 18 years ago, a 4-year-old girl with a rare nerve cell cancer received an infusion of immune cells that were genetically engineered to fight the disease.
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 Western Europe's oldest face adds new wrinkles to human evolution

 The face fossils date to as early as 1.4 million years ago

 
 




A Spanish cave has divulged the oldest known fossil remains of human ancestors in Western Europe.
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 The nearest single star to Earth has four small planets

 This is the second study in six months to find planets around Barnard's star

 
 




The nearest single star to the sun, Barnard's star, has a brood of planets all its own. The red dwarf star, about six light-years from Earth, hosts four close-in planets each about two to three times the mass of Mars, astronomers report in the March 20 Astrophysical Journal Letters.
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 Uranus emits more heat than previously thought

 All four of the sun's giant planets emit more energy than they receive from the sun

 
 




Uranus emits more energy than it gets from the sun, two new studies report -- a discovery that contradicts findings from the venerable Voyager spacecraft.
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	How a Labrador retriever's genes might affect the dog's obesity risk

	Owners of high-risk dogs should be careful about how they manage their pet's food

			
				




Labrador retriever owners are likely familiar with how persistent their dogs can be in their quest for food, whether begging under the dinner table or stealing a snack left unattended. It's no surprise, then, that Labs are among the most overweight dog breeds, along with golden retrievers, cocker spaniels and beagles.




Scientists have now identified multiple genes associated with obesity in Labradors, according to a March 6 study in Science.




The researchers had previously found that a form of a gene called POMC made Labs more prone to overeating. But "we could tell from our studies that the POMC mutation wasn't the whole story," says Eleanor Raffan, a veterinary surgeon and geneticist at the University of Cambridge.
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In the new study, Raffan and her colleagues examined DNA samples from 241 British Labrador retrievers. The researchers also collected information including the dogs' body fat mass, how much dogs begged for food, and how strictly their owners regulated their diet.




The researchers uncovered five genes potentially associated with obesity in the dogs. The strongest effect came from a gene called DENND1B -- Labradors with a certain variant of this gene had around 8 percent more body fat than dogs without it. DENND1B, which affects how the brain's responds to food, was also associated with higher body mass indexes in humans.




Knowing which genes were associated with obesity allowed Raffan and her colleagues to develop a risk scoring system, which helped calculate whether individual Labradors were at higher or lower risk of obesity based on their genetic profile.




"You can rank all of the individuals in the population based on whether they inherited a bunch of obesity-prone genes, or maybe they didn't inherit many at all," says Adam Boyko, a canine geneticist at Cornell University who was not involved with the study.




With this information, the researchers could see how high-risk and low-risk Labradors differed when it came to their relationships with food. Labradors at a high risk for obesity, for example, were more likely to beg and to be more driven toward finding food. And for Labradors that were more genetically predisposed to obesity, owners who were stricter about regulating their pets' diet made all the difference.




"If you're a high-risk dog and your owner is really strict with the management, you can be a perfectly healthy body weight," Raffan says. "But if they're pretty relaxed about the management, those are the dogs who get overweight." She added that dogs with a lower genetic risk tended to stay at a fairly healthy weight, regardless of how their owner fed them.




So do you need a genetic test to determine whether your Labrador may be at risk for obesity? Probably not, says Raffan. If a dog seems like it would tip the scales if given the chance to plan its own diet, that could be a hint that their genes may be behind its drive for food. Trying to ration food for dogs that pack on the pounds could be a safe bet -- though it's often easier said than done. "To be disciplined about your dog's food intake, it sounds straightforward, but it's actually quite a tough job if you've got one of these massively food-motivated pets," Raffan says.
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 Narwhals may use their iconic tusks to play

 The Arctic whales poked and prodded a fish that isn't usually a part of their diet

 
 




Narwhals wield their iconic tusks in surprising ways -- possibly even to play with newfound toys.




Aerial videos showed the Arctic whales swinging their "horns" to thwack fish prior to eating them, and in one case, gingerly prodding and flipping a fish.
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 Some trees are coping with extreme heat surprisingly well

 Species in India endure potentially damaging highs for about 10 minutes per day

 
 




Ecologist Akhil Javad felt the thrill of fieldwork quickly fade when he was faced with the prospect of scaling trees over five times his height.
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 A new iron compound hints 'primordial' helium hides in Earth's core

 Helium atoms filled gaps in iron crystals under high pressure and temperature

 
 




Scientists have coaxed one of the universe's most stubborn elements into a new compound.
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 Some of Sydney's koalas are chlamydia-free, but still at risk

 Introducing new koalas to mate with would help reduce inbreeding, but could also bring in the disease

 
 




Some of Sydney's koalas are facing an uncompromising dilemma.




The koalas living in one corner of Australia's largest city are perilously inbred, researchers report February 26 in Conservation Genetics.
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 Two privately-owned spacecraft make contact from the moon

 Blue Ghost was the first private lunar lander to not crash or fall over. Athena fared less well

 
 




This year's hot destination is the moon. Two landers built by private companies just touched down on the moon within a week of each other. One landed softly and safely -- a first for any private spacecraft -- while the other did not.
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 The sound of clapping, explained by physics

 Experiments show that a phenomenon called Helmholtz resonance explains the sound

 
 




A round of applause, please: Scientists have finally figured out what's behind the sound of clapping.




The research pinpoints a mechanism called a Helmholtz resonator -- the same acoustic concept that underlies the sound made when you blow across the top of an empty bottle.
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 'Woolly mice' were just a start. De-extinction still faces many hurdles

 Success with mice does not guarantee success with elephants

 
 




Scientists working to unlock the secrets of de-extinction recently announced what they say is a turning point for the movement: the creation of transgenic mice with long, luxurious golden locks of tufted fur inspired by the coats of woolly mammoths.




They're called Colossal woolly mice. And yes, they are cute to boot.




Transgenic mice -- those that have had their genomes altered through genetic engineering -- are not new.
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 Juno reveals dozens of lava lakes on Jupiter's moon Io

 High-resolution images offer a glimpse at what might lie within the gas giant's most fiery moon

 
 




Jupiter's moon Io, the most volcanically active body in the solar system, is littered with hundreds of erupting volcanoes. High-resolution images now reveal several dozen lava lakes, researchers report in the February Journal of Geophysical Research: Planets.
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 Squirty gels bring the taste of cake and coffee to virtual reality

 Potential applications include immersive gaming and sensory rehabilitation

 
 




Imagine seeing cake in a virtual world, then tasting it. Researchers have taken a step toward that reality with a device that delivers virtual tastes by squirting chemicals onto the tongue.




The system, called "e-Taste," can detect chemicals in foodstuffs and wirelessly transmit this information to a device that delivers the same or equivalent chemicals to a user's tongue.
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 The einstein tile rocked mathematics. Meet its molecular cousin

 Chemical properties coax a material to form nonrepeating tiling patterns

 
 




For centuries, mathematicians and floor designers alike have been fascinated by the shapes that can tile a plane -- in particular, those that do so without repetition.




Now, a team of chemists has described a molecule that naturally assembles into these irregular patterns, laying the groundwork for engineering materials that behave differently from regular solids.
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	Snakes are often the villains. A new book gives them a fair shake

	In Slither, Stephen S. Hall challenges us to rethink the much-maligned serpent
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Snakes don't often get to be the protagonists. From the biblical tempter in the Garden of Eden to the eponymous snakes on a plane, your stereotypical serpent often gets cast as a villain -- cunning, treacherous, cruel, deadly. But human views of snakes are full of contradictions. In mythology, snakes whispered secrets about the healing arts to the Greeks and established the concept of linear time in Mesoamerica. In the real world, they continue to inspire scientists in fields as diverse as pharmacology, reproductive biology and disaster relief.
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Drawing from a rich vein of history, anthropology and cutting-edge biology, science writer Stephen S. Hall uncoils the complexity of snakes and humans' love-hate relationship with them in his new book, Slither. Each chapter explores a facet of snake biology -- such as locomotion and the chemistry of venom -- that shows why the limbless animals evoke fear and fascination in seemingly equal measure. Personal histories of snake researchers and enthusiasts, along with Hall's own field reporting, bring the science to life. Sidebars dubbed "Snake Road" wind their way through the narrative, offering a set of real roads as geographic examples of humans' and snakes' interconnection.




One such Snake Road is Eastern Parkway in New York City, which leads to the Brooklyn Museum, the home of an ancient Egyptian medical handbook known as the Snakebite Papyrus. The handwritten hieroglyphs describe the dangerous snakes known at the time, as well as symptoms of their bites and suggested cures. Hall details a visit to see this rare text, which is not on public display, using a delightful blend of reverence and dry wit. A museum curator points out that in ancient Egyptian writing, the symbol for venom was derived from the one for phallus. Hall quips: "Long before Jung and Freud, apparently, humans had made the connection."




Crucially, Hall does not shy away from the very real danger snakes can represent. He describes the ruinous and often lethal effects of snakebites in sobering detail, reminding readers why these animals deserve a healthy dose of respect. He also flicks at the scientific theory that early primates evolved the ability to rapidly detect motion because they needed to be wary of snakes in the wild. The implication is that humans are hardwired to be alarmed by the reptiles.




Hall balances this cautionary note with meticulously researched tales of historical and ongoing snake science and its benefits to humans. For example, the first ACE inhibitor, a class of drugs used to lower blood pressure, was derived from a South American pit viper. Python research is offering tantalizing clues for diabetes treatments and organ regeneration. And studies of the sidewinder are helping engineers build snakelike robots that can wriggle into tight spaces to search for survivors after a disaster.




Humans are also taking a toll on snakes, from global habitat degradation to rattlesnake roundups in Texas. In a chapter about people who hunt Burmese pythons in the Florida Everglades, Hall asks readers to rethink the word invasive, which he describes as "a brilliant marketing term, coined by humans to shift attention away from their own stupidity." After all, these Southeast Asian pythons did not ask to become residents of the Sunshine State. They landed there probably due to the pet trade and quickly adapted to the environment using every genetic advantage they had.




Hall's journalistic training is evident in his need to cite sources, sometimes to the narrative's detriment. Some passages can be so stuffed with names, affiliations and factual asides that readers may lose the plot at times. But Hall makes up for this with clear science, drama-filled anecdotes and deep pathos. It is the Year of the Snake, after all, and Slither makes sure these oft-maligned animals get a fair shake.




Buy Slither from Bookshop.org. Science News is a Bookshop.org affiliate and will earn a commission on purchases made from links in this article. 
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			Victoria Jaggard is the Executive Editor at Science News.

		

	




	






We are at a critical time and supporting science journalism 
is more important than ever. Science News and our 
parent organization, the Society for Science, need your help to strengthen 
scientific literacy and ensure that important societal decisions are made 
with science in mind.



Please 

subscribe to Science News and add $16 to expand 
science literacy and understanding.
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	Limits of Knowledge Crossword

	One must closely study the edge of the universe to unlock the secrets held within.

			
				










Will Nediger, a crossword constructor and Ph.D. in linguistics, edited this puzzle.




Looking for answers? Go to sciencenews.org/puzzle-answers. We'd love to hear your thoughts. Email us at puzzles@sciencenews.org.
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			Sid Sivakumar is a St. Louis, Mo.-based puzzle constructor and M.D./Ph.D. student in biomedical engineering and neuroscience.
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 Seeking the anomalies that lead to discoveries

 
 




Science is, at its heart, a system for asking questions and seeking answers. Researchers must detect clues amid a cacophony of information. Pharmacist Joseph Lambson is one person with a gift for identifying signals in the noise. When he got a call from a poison control specialist saying that people were overdosing on the drug semaglutide, used to treat obesity and diabetes, he knew what this meant.




Pharmaceutical companies were unable to keep up with demand for the drug, which comes in a prefilled injector pen, and people were buying alternative versions that are not as error-proof. Even with the drug no longer in shortage, the dangers persist.
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 Readers weigh in on brainlike AI technology

 
 




[image: magazine cover for March issue]




All about AI




Scientists are working on AI technology that has brain-inspired hardware, architecture or algorithms. Such neuromorphic AI could be nimbler, more efficient and more capable than traditional AI, freelance writer Kathryn Hulick reported in "Making AI think more like your brain."




Hulick reported that mainstream computers, which currently run most AI, separate memory and processing. Some burgeoning neuromorphic technology, such as spiking neural networks, combine the two.




This concept reminded reader Gary Pokorny of an early experience with computers. "The first computer I used ... was an Apple IIe, in which I would insert one floppy disk to load word processing instructions, then take it out and insert a blank floppy to save my work, and back and forth while writing," Pokorny wrote.
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