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Mount Ontake in Japan rises 3,067 meters above sea level -- a windswept giant standing head and shoulders above densely forested hills. This ancient volcano is a popular trekking site. A trail traverses its ash- and boulder-strewn ridges. There are several huts and a shrine. On September 27, 2014, hikers took advantage of a blue sky and gentle wind. At 11:52 a.m., over a hundred of them stood on the summit, eating snacks and taking photos. Disaster struck with little warning.




The windows and doors of a nearby hut rattled, vibrated by a low-frequency shock wave inaudible to humans.








                        
                        
                        
                        
                        

                        




People glanced around curiously and quickly saw it -- half a kilometer down the southwest slope, a gray cloud billowed from the mountain.




The ash cloud swept over the summit with a blast of hot air, leaving people shaken and blinded, but otherwise unhurt. Disoriented in that gray fog, they couldn't see what arrived soon after.




Thud-thud. Thud. Rocks blasted out of the mountain rained down from the sky. The barren mountaintop offered no shelter to those who desperately sought it in the swirling, gagging dust.




The tempo of hail quickened, as millions of rocks came down -- most smaller than baseballs but some as large as beach balls. More and more people fell.




Roughly a million tons of ash and rock spewed from the mountain that day, ejected through several craters that hadn't existed a moment before. Fifty-eight people died, most killed by falling rocks. Five others were never found.




When scientists investigated the aftermath, they found no new lava flows and no freshly formed ash. What exploded from the mountain wasn't lava or fire; it was water.




[image: A photograph of the 2014 phreatic explosion of Mount Ontake spewing gas and ash into the air]The phreatic steam explosion at Mount Ontake in Japan in 2014 shot tons of rock and old volcanic ash into the air.The Asahi Shimbun via Getty Images





The explosion was powered by a seemingly innocuous pool of water, derived from rain and snowmelt, hidden beneath the surface. The water was suddenly heated from below, perhaps by a burp of hot gas from a deep magma chamber. The water flashed into steam.




Subterranean cracks were pried apart as this vaporized water expanded to hundreds of times its original volume. This high-pressure wedge drove the cracks to the surface -- blowing out holes that widened into craters as the escaping vapor flung rocks and old ash into the air.




The tragedy at Ontake is not unique. A similar explosion killed 22 people and injured two dozen others on White Island off the coast of New Zealand in 2019 (SN: 6/18/21). Steam explosions can happen in many other places around the globe, including Greece, Iceland and Northern California.






The ones that happen at active volcanoes are called phreatic explosions. They occur when underground water is suddenly heated by magma or gases. But similar steam explosions, called hydrothermal explosions, can happen in areas without active volcanoes. Like Ontake and White Island, destructive force comes from water expanding into steam.




Yellowstone National Park, where no magma eruption has happened in 70,000 years, has seen hundreds of hydrothermal explosions of various sizes. "In recorded history, it's been only small ones," says Paul Bedrosian, a geophysicist at the U.S. Geological Survey in Lakewood, Colo. "But we know [Yellowstone] is capable of creating whoppers."




News stories often speculate on whether Yellowstone's massive magma system will awaken and erupt, but these hydrothermal explosions represent a far greater risk today (SN: 12/15/22).




Massive craters show that Yellowstone has seen explosions many times larger than the one at Mount Ontake. For a long time, scientists thought that Yellowstone's huge explosions might have only happened under specific conditions that existed thousands of years ago at the close of the last ice age. But research in Yellowstone and other places where large hydrothermal explosions happen suggests that belief is misplaced.




"These [big] hydrothermal explosions are very, very dangerous," says Lisa Morgan, a USGS scientist emerita and volcanologist in Denver who has spent 25 years studying the biggest explosions in Yellowstone's history. "It could very well happen today."




Hydrothermal explosions often occur with far less warning than regular magma eruptions. And reconstructing what triggers them, especially the largest ones, has proved challenging, says Shane Cronin, a volcanologist at the University of Auckland in New Zealand. "Globally, no one has really seen many of these happen," he says. "They're quite mysterious."




But Morgan is getting a clearer picture of the triggers, and whether predicting the timing of these explosions might be possible. Exploring the bottom of Yellowstone's largest lake, she and her colleagues have discovered a restless landscape dotted with hundreds of previously unknown hot vents, some of the world's largest hydrothermal explosion craters and the brittle geologic pressure cookers that could one day unleash new explosions. While Yellowstone Lake has the most violent history, it's becoming clear that other parts of the park could also produce large blasts.
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Discovering Yellowstone's explosive history




Yellowstone sits at the northeast end of the Snake River Plain -- a conspicuous, flat corridor that plows through an otherwise mountainous region. This scar was created by a hot spot in Earth's mantle -- the geologic equivalent of a gas burner on a stove -- which the North American tectonic plate is slowly sliding over, fueling a northeast-trending chain of massive volcanic eruptions over the last 17 million years (SN: 1/6/22). 






The most recent super-eruption occurred 640,000 years ago, vomiting forth enough lava to build several Mount Rainiers (SN: 9/22/14). This blast emptied a huge underground chamber, which then collapsed -- causing the landscape to slump into an oval-shaped caldera, roughly as big as Rhode Island and ringed with faults.




A magma chamber still sits beneath Yellowstone, left over from that huge eruption. It holds an estimated 10,000 cubic kilometers of magma. But the chamber is only about 15 to 20 percent liquid, making it far too viscous to erupt anytime soon.




Although magma underlies much of the park, it comes closest to the surface, within five kilometers, beneath the north edge of Yellowstone Lake. With magma temperatures above 800deg Celsius, the heat flowing up through the ground is "just screaming high," Bedrosian says. In some places, it's 100 times the average on Earth's surface.




In the park, rainwater and snowmelt percolating down toward the chamber are heated to over 250deg Celsius but remain liquid because the immense pressure underground prevents the water from expanding into steam. That hot fluid, mixed with carbon dioxide and stinky hydrogen sulfide gas, spurts back up through cracks in the surrounding rocks -- dissolving sodium, silica, chloride, arsenic and other minerals -- and eventually reaches the surface where it feeds thousands of hot springs, geysers and bubbling mud pots that make Yellowstone a geologic wonder.




When a dome seals, "you're going to have a pressure cooker."
 Paul Bedrosian





Although scientists have studied Yellowstone's hydrothermal system since the 1870s, not until 1966 did people start to realize that it could produce horrific explosions.




That summer, Patrick Muffler, then a young scientist with the USGS, stepped for the first time into Pocket Basin, near Yellowstone's western edge. He was there to map the hydrothermal system for NASA, which wanted to understand the volcanic landscapes that future missions to Mars might find.




This broad, sagging meadow is pocked with bubbling hot springs that lace the air with the faint sour smell of hydrochloric acid. The basin is surrounded on three sides by a low ridge sprinkled with a few scraggly trees. As Muffler and his supervisor, Donald White, explored the landscape, White quickly recognized something familiar.




White was one of a handful of people around the world at the time who studied hydrothermal systems. In 1951, he had visited the small town of Lake City, Calif., five nights after a strange cataclysm had happened there. An inconspicuous cluster of hot springs feeding a lush, marshy meadow of bulrushes and grass had exploded, flinging 300,000 tons of mud and rock onto the surrounding fields. 




Most of those rocks were jumbles of gravel and sand, cemented together with white zeolite and opal minerals. White knew that these materials form when mineral-saturated hydrothermal waters reach the cooler surface and their dissolved substances crystallize. He concluded that the blast had been a hydrothermal explosion that was somehow triggered as underground water flashed into steam.




As White and Muffler walked up the ridge surrounding Pocket Basin, their boots crunched over similar rocks. White theorized that this basin was a hydrothermal explosion crater much larger than the one at Lake City -- roughly the size of Yankee Stadium. The ridge was a heap of debris flung out of the hole.




But this explosion had not been triggered by a sudden injection of volcanic heat from below, White and Muffler believed. Instead, they surmised, it was caused by an environmental change on the surface.




The explosion debris sat directly atop rocks and gravel left behind when a glacier -- the Pinedale ice cap -- retreated at the close of the last ice age, around 13,500 years ago. While the glacier was present, the hot springs would have melted the ice overhead, creating an ice-dammed lake, says Muffler, who retired in 2001 but still works with USGS. The weight of that lake would have pressurized the hot springs beneath, preventing the water from boiling even if it was well over 100deg C. Muffler and White speculated that as the glacier retreated, the ice dam burst and the lake's water level plummeted.




[image: ]Tourists visiting Yellowstone National Park walk by the Grand Prismatic Spring.efenzi/ iStock/Getty Images Plus





"If you can get rid of that water instantly, that depressurizes the system -- and bang, it goes off," Muffler says. No longer constrained by pressure, the water expanded instantly into steam and blew apart the rocks enclosing the hot springs.




In 1971, Muffler and White proposed that at least 10 other large hydrothermal explosion craters might be scattered across Yellowstone. A few years later, geologists added one more crater to the list: Mary Bay, a lobe extending off the north edge of Yellowstone Lake. At 2.6 kilometers across, it remains the largest hydrothermal explosion crater ever found on Earth, forming around the same time as Pocket Basin.




These findings initiated a long-standing debate about whether these monster explosions in Yellowstone could only be caused by retreating ice, or whether other types of triggers could set off these blasts today.




Morgan, who started studying these explosions in the late 1990s, has slowly homed in on an answer.




What lies beneath Yellowstone Lake




In September 1999, an 8-meter-long aluminum boat traced slow, straight lines back and forth across the northern part of Yellowstone Lake. Two instruments were mounted on the stern of the boat. One scanned the lake bottom with narrow sonar beams, recording the echoes to capture the ups and downs of the lake bottom. The other fired periodic seismic shock waves into the lake. Those waves penetrated the lake floor before reflecting back, revealing a picture of the sediment and stone layers beneath the lake bottom.




Morgan organized this project with Pat Shanks, a USGS geochemist who had started studying hydrothermal vents in the lake. He was in bad need of a map of the lake floor to replace his time-consuming method of finding vents: venturing out onto the flat water in a boat early in the morning to see where gas bubbles rose from vents below.




Morgan, Shanks and several other scientists gathered each evening in a nearby building to review the new lake floor maps that the technicians were printing out. "It was like having cataracts taken off of your eyes," Morgan says, "like night and day."




Before long, these maps revealed an unknown structure southwest of Mary Bay. Now called Elliott's Crater, this 830-meter-wide depression is the third-largest hydrothermal crater in world.





Yellowstone's bottom




On the floor of Yellowstone Lake (colors indicate water depth) are hydrothermal explosion craters, like Elliott's Crater and Mary Bay, plus domes like the North Basin Hydrothermal Dome, which mark where explosions could occur.




[image: A bathymetric map of the floor of Yellowstone Lake, with colors indicating lake depth]L.A. Morgan et al/USGS, adapted by B. Price







Later that month, people crowded inside the boat's cabin to watch live video as a remote-controlled submersible descended some 50 meters underwater for a closer look. The inner walls of the crater loomed nearly vertical in the murky water. Foot-long suckerfish "lined up like airplanes" on the edge of the crater, Morgan recalls. "They love the hot water."




The submersible explored several smaller craters, some twice as wide as a football field, nested within Elliott's Crater. Inside them were hydrothermal vents. These vents were often flanked by microbial mats; small crustaceans cavorted about just outside the plumes of searing water, grazing on drifting microbes, while trout darted in and out, hunting the crustaceans.




The ROV's mechanical arm grabbed rocks from the bottom. Examining them later, Shanks found the rocks mottled in greens and blues -- signs of iron- and magnesium-rich chlorite minerals, which formed as hydrothermal waters altered rocks lying beneath the lake or welded together sediments on the lake bottom. These samples, presumably, were shards of rock blasted into the air by the explosion, some of which fell back into the crater.




The team spent the next three Septembers mapping the rest of the lake floor. "We found it to be a far more hydrothermally and tectonically active lake than anyone had ever expected," Morgan says.




Several active faults run through the lake. Over 250 hydrothermal vents nestle within V-shaped depressions that hot water had either dissolved or blasted out of the lake floor. In addition to Elliott's Crater, the team discovered two other craters at least half a kilometer across plus numerous ones smaller than 200 meters.




Here and there, rounded domes protruded from the lake floor. Seismic profiles revealed them to be soft sediments draped on top of a hard crust. Each dome probably marks where hydrothermal waters had emerged from one or more vents and fused sediments together with silicate and chlorite minerals. Over time, an impermeable barrier formed, allowing less and less water to exit the vents. As pressure built up beneath, the cap gradually arched up, Bedrosian says.




When such a dome seals, "you're going to have a pressure cooker as opposed to a pot boiling on the surface," Bedrosian says. It may set the stage for catastrophe.




In fact, during ROV dives, Morgan and Shanks saw what appear to be the blasted edges of a dome on the fringes of Elliott's Crater. They also found hundreds of intact domes. Most were less than 2 meters across -- but some much bigger.




The North Basin Hydrothermal Dome, for instance, spans 750 meters and rises seven stories above the lake floor. Hot water exits the dome through dozens of small vents, at least for now. "But over time, that's going to change, and those open spaces will seal with silica," Morgan says. Once that happens, "it's a perfect candidate for a potential hydrothermal explosion."




What triggers Yellowstone's hydrothermal explosions?




As the mapping of Yellowstone Lake was still under way in 2000, Morgan sought approval to pluck cores from the lake bottom to pinpoint when the largest explosions had occurred and what triggered them. Getting that permit from the National Park Service took 16 years. "One of their biggest concerns was that you put a corer [into the lake floor] and we have an explosion," she says.




In 2016, she and collaborators finally retrieved eight sediment cores, without incident. These cores plus some others from additional field campaigns revealed debris deposits from at least 16 different hydrothermal explosions stacked atop one another, with intervening layers of mud representing peaceful times in between. These include the Elliott's Crater and Mary Bay explosions and previously unknown smaller ones. Based on estimates of how quickly mud accumulates on the lake floor, three of the smaller explosions happened in the last 350 years or so -- the most recent, around 1860.




Analyses of the larger explosions, which Morgan, Shanks and their colleagues published in GSA Bulletin in 2022, suggest that they were not set off by the retreat of the Pinedale ice cap, as previously suspected.




[image: A photograph of two scientists on a coring platform on Yellowstone Lake]In 2016, scientists took a coring platform out onto Yellowstone Lake to collect sediments from the lake bottom and learn more about what triggered past explosions.L. Morgan/USGS





The debris layer from Elliott's Crater sits just below a well-known volcanic ash layer derived from the eruption of Mount Mazama, which formed Crater Lake in Oregon 7,600 years ago. Morgan's team estimates that Elliott's Crater exploded 8,000 years ago, triggered by a major earthquake that happened around the same time. The quake caused a fault that runs through the lake to slip 2.8 meters and could have easily cracked the hydrothermal dome, bursting it like a party balloon.




This dovetails with other research suggesting that two major explosion craters near the lake also formed well after the Pinedale ice cap retreated, one about 9,400 years ago and the other 2,900 years ago. "We don't think the recession of glacial ice is a big factor," Morgan says.




Even the Mary Bay explosion, which lake cores confirm occurred around when the ice cap retreated, was probably triggered by something else. Geologic evidence points to a roughly magnitude 6.5 quake that unleashed a tsunami.




Morgan and colleagues think the wave swept into the north end of the lake, past its present-day shoreline, and washed out a pile of rocks and earth that had dammed the north end. The hills surrounding the lake preserve evidence of what happened next.




Eroded into these slopes are two stranded shorelines, one above the other, formed by the lake when its water level was higher in the past. The lower shoreline is younger, with an estimated age of roughly 13,000 years, suggesting that the lake level suddenly dropped from the higher shore to the lower shore, right around the time of the earthquake.




"The lake dropped suddenly 14 meters," Morgan says. "That's huge."




It would have lowered the water pressure over Mary Bay by around 20 or 30 percent. If the lake floor overlying that hot water was already strained to its limit, then that sudden drop in pressure could have caused a catastrophic rupture.





Danger zone




Measuring the reflections of seismic shock waves sent into the bottom of Yellowstone Lake has allowed scientists to get a detailed view of this hotbed of hydrothermal activity. A cross section of Elliott's Crater reveals vents where hydrothermal fluids and gases rise up. Domes show where sediments are fusing over vents and blocking the release of fluid. If a dome ever breaks, it could set off an explosion.




Seismic profile through Elliott's Crater



[image: A cross section of the floor beneath Yellowstone Lake based on seismic profiling that shows hydrothermal vents and domes]L.A. MORGAN ET AL/J. VOLCANOL. GEOTHERM. 2003, L.A. Morgan et al/GSA Special Papers 2009, adapted by B. PriceL.A. MORGAN ET AL/J. VOLCANOL. GEOTHERM. 2003, L.A. Morgan et al/GSA Special Papers 2009, adapted by B. Price






Lauren Harrison, a geologist at Colorado State University in Fort Collins, recently discovered another kind of event that can instigate these explosions. She has carefully studied the Twin Buttes explosion crater, a broad divot the size of an 18-hole golf course, located roughly 40 kilometers west of Yellowstone Lake. Its debris field spills a kilometer down a mountainside, with washing machine-sized boulders jumbled at the bottom. When Harrison used airborne lidar to create a 3-D map of the debris, she realized that it came from two separate events. First, a landslide swept down the mountain, carrying the boulders. Then explosion debris rained down on top of the landslide.




The landslide, she argues, marks the collapse of a massive, rickety pile of rocks that formed over a cluster of thermal vents while the Pinedale ice cap still existed. Rocks being carried by that glacier were gradually cemented together by silicate minerals burbling out of the vents. After the ice cap retreated, the pile could no longer support its own weight and collapsed.




"That [landslide] is a perfect, immediate depressurization event," Harrison says. The superheated water, no longer buried under rocks, flashed explosively into steam. So this explosion may have been caused indirectly by ice retreat, but the precipitating event was a landslide.




What unifies all of these events -- earthquakes, tsunamis and landslides -- is that they can happen today, without warning, Morgan says (SN: 10/25/22). But there's more to learn. Cronin wonders, for example, whether one hydrothermal explosion can trigger another.




He is studying an ominous example in New Zealand, where a cluster of at least 25 explosion craters runs along a 10-kilometer section of the Ngapouri-Rotomahana Fault, through a quilted landscape of farms and forest. "You're looking at craters up to 300 to 500 meters wide, and [fallen debris] extending out at least a kilometer in many cases," Cronin says.




The blasts all happened about 700 years ago. His team is trying to pin down the exact timing. He believes they may have unfolded over a period of months or years, with each explosion triggering the next one, possibly by creating new cracks in the bedrock that destabilized other hydrothermal areas. The notion of such a domino effect is alarming. But the idea that a single earthquake might have triggered them simultaneously is even more so. "It's important for us to figure out if they are all happening at the same time," Cronin says. "This kind of scenario is far more hazardous" than a single explosion.




Sizing up the danger at Yellowstone




The 2014 Ontake disaster might seem like the worst-case outcome of either a phreatic or hydrothermal explosion. But far worse things can happen.




Morgan estimates that the Mary Bay explosion ejected roughly a quarter of a cubic kilometer of mud, sand and water-saturated rock from its crater. That is 100 to 400 times the volume ejected by the Ontake explosion. It is also roughly 50 times the volume of sand and rock ejected in the Storax Sedan nuclear test, when the U.S. military detonated a 104-kiloton bomb underground in the Nevada desert in 1962.




The Mary Bay explosion also tossed refrigerator-sized boulders out of the water and sent smaller debris up to two kilometers into the air -- landing as far as 20 kilometers away. The blast sent a wave of boiling mud surging onto the lake shore, forming a pile up to eight stories tall.




[image: A photograph of a brown, white and turquoise-blue rock from Yellowstone Lake that shows signs of being altered by hot water]Some rocks at Yellowstone, including the one shown, contain minerals indicative of having been altered by hot water, a clue to a past explosion.L.A. Morgan et al/GSA Special Papers 2009





The explosion unfolded as a chain reaction, Morgan says. As the top layer of rock exploded off the lake floor, the removal of its weight depressurized the water-saturated rock below, allowing it to explode, which in turn depressurized yet another layer of rock and fluids farther down -- and so on. Layers in the lake cores suggest that three main explosions occurred, probably within minutes, Morgan says, with smaller explosions perhaps continuing "on and off for hours or days."




She and others are now studying hydrothermal domes in and around Yellowstone Lake that could explode. In 2016, Bedrosian and Carol Finn, a USGS geophysicist, peered inside the North Basin Hydrothermal Dome and other structures in Yellowstone using a remote sensing technique called electrical resistivity, which hints at the chemical composition of minerals and the presence of water in the subsurface.




This effort revealed some sort of hot material with high resistivity hidden beneath the dome's hard cap. Bedrosian, who is still analyzing the data, thinks it's primarily steam, since salty water would have lower resistance.




That's good news. It suggests that the hydrothermal fluid rising beneath this dome is already boiling much farther down -- and what reaches the dome is mostly vapor, rather than superheated liquid. If the dome were to become destabilized, there's not enough liquid water present to expand into vapor and power a major explosion, though a small blast would be possible. But if fluid circulation changes, it could fill the dome with superheated liquid water, creating a more dangerous situation.




Some of the ingredients for a big explosion may already exist in other parts of the park. In the Lower Geyser Basin, where the massive Pocket Basin and Twin Buttes craters reside, water burbling from the ground is high in sodium chloride. This chemical profile indicates that the fluids have not boiled before reaching the surface, and therefore they retain their full explosive potential. The same is true of Norris Geyser Basin, which hosts three other big explosion craters, and Upper Geyser Basin, where Old Faithful sits.




Even if monitoring for signs of impending hydrothermal explosions is not yet possible, scientists aren't arguing that people should avoid visiting Yellowstone. In the same way, most people don't avoid visiting Los Angeles just because they are worried about earthquakes. The chances that a massive quake or hydrothermal explosion will happen on any given day are quite low.




But if a rare, huge explosion did occur, it would cause extreme damage.




So even as Morgan studies other explosion craters, she keeps an eye on places that might someday explode, including Storm Point, on the north shore of Yellowstone Lake, near Mary Bay. This dome, 800 meters across, often has snow-free areas during winter due to the heat seeping from it. The ground can reach 50deg C in some low, sandy spots, similar to a hot summer sidewalk. Plants are scarce and the gravelly ground is hard and unforgiving, cemented with hydrothermal minerals. Hot water still bubbles out of vents along the edges of the dome, so for now it still has a safety valve that can vent pressure.




But if it seals off, "it's like a ticking time bomb," Morgan says. Then, it will only need a sudden trigger, like an earthquake -- "and everything's going to explode."
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	A vaccine for bees has an unexpected effect

	Honeybees immunized against bacteria also fought off a virus

			
				




WASHINGTON -- The first vaccine designed for insects may make honeybees healthier overall.




Honeybee hives vaccinated against a bacterial disease had much lower levels of an unrelated viral disease than did unvaccinated hives, veterinarian Nigel Swift of Dalan Animal Health reported April 3 at the World Vaccine Congress.




Researchers at Dalan, based in Athens, Ga., designed the bee vaccine to protect against American foulbrood -- a fatal disease caused by a spore-forming bacterium called Paenibacillus larvae. Adult bees don't get sick but can spread spores in the hive, where the disease infects and kills larvae. Spores can remain viable for more than 50 years, so beekeepers with infected colonies must destroy hives by irradiating or burning them to keep the disease in check. A vaccine may save bee lives and beekeepers' livelihoods.








                        
                        
                        
                        
                        

                        




Foulbrood disease is just one of many problems plaguing bees, Swift said. "Pesticides, parasites, climate change, nutritional stress -- these all make bees more susceptible to infectious diseases." From April 2022 to April 2023, U.S. beekeepers lost an estimated 48 percent of their colonies, according to the Bee Informed Partnership, a nonprofit research organization.




Dalan's vaccine against foulbrood disease doesn't rely on tiny syringes. Instead, bees are inoculated through a sugar paste that researchers spike with heat-killed P. larvae. Worker bees eat the candy and incorporate it into their royal jelly, which they feed to the queen. Inside the queen's gut, bits of the bacteria attach to a protein, which in turn transports the vaccine fragments to the ovaries where they can be deposited in eggs. Larvae that hatch from the eggs should be protected from the disease.




Testing the vaccine wasn't easy. One larvae-producing site in Florida was hit by a hurricane, "another was taken out by bears," Swift said. But the team persisted. In lab tests, the company infected larvae from both vaccinated and placebo-treated hives with P. larvae. About twice as many placebo larvae died as vaccinated larvae, the researchers reported in 2022. 




Based on that evidence, the U.S. Department of Agriculture gave conditional approval for the bee vaccine, Dalan announced in 2023. The Canadian Food Inspection Agency authorized use of the vaccine later that year.




Beekeepers who had been using the vaccine told Dalan that vaccinated colonies seemed to have all-around improvements in health that couldn't be explained just by reducing the incidence of foulbrood disease. The company decided to look at a variety of diseases, honey production and other measures of bee health along with the efficacy of the vaccine in a real-world setting. An apiary called Vidalia Apicultural Services & Bee Co. in Lyons, Ga., let Dalan use 400 hives for the study, which lasted for one season. Half of the hives got a new vaccinated queen and half got a new unvaccinated one.




In one sense, the test was a bust. No cases of foulbrood disease were found in any of the hives. "This apiary was just too good" at controlling the disease, Swift said. So the company couldn't determine how effective the vaccine was against its intended target.




Yet the researchers found a surprising result: Vaccinated hives were protected from a viral disease spread by varroa mites (SN: 3/7/16). Both vaccinated and unvaccinated hives started the study with the same number of mites and a baseline level of virus, as measured by a PCR test. Virus levels continued to rise in the unvaccinated hives but declined in the vaccinated ones. At the end of the study, vaccinated hives had accumulated 83 percent less virus than unvaccinated hives did, Swift said. The number of mites per hive remained the same.




"It's an important finding for sure, if it's repeatable," says biochemist Andrea Gwyn of the biopharmaceutical company GSK, based in Middlesex, England. Gwyn, who works on vaccines for people, is a hobbyist beekeeper. She is particularly interested in whether queen bees can pass on defenses against American foulbrood and perhaps other infections for more than one egg-laying season and whether a queen's drone sons and daughter queens could pass on the protections to a second generation.




The results are still preliminary, and the researchers aren't sure exactly why immunizing bees against bacteria might also protect against viruses, Swift said. It may be because bees' immune systems aren't as specific as those of humans and other mammals: Anything that revs up bees' immune responses may help them take on multiple intruders.




"We're just trying to think it through: What is really happening?" Swift says, "It's humbling.... You get these results sometimes that weren't what you were expecting. This could be somebody's Ph.D. now to go and tackle this particular topic."
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	How Otzi the Iceman really got his tattoos

	An unusual experiment shows that the mummified man's tattoos were poked, not sliced, into his skin

			
				




An off-beat experiment has poked holes in a popular assumption about Otzi the Iceman's tattoos.




Otzi's roughly 5,200-year-old body, found partly preserved and naturally mummified in the Italian Alps in 1991, includes 61 tattoos -- black lines and crosses on his left wrist, lower legs, lower back and chest. A common but untested idea holds that charcoal ash was rubbed into skin incisions made with a sharp stone tool, resulting in the world's oldest known tattoos (SN: 1/13/16).








                        
                        
                        
                        
                        

                        




"Our study shows that the past 30 years of conventional wisdom as to how the Iceman was tattooed is incorrect," says archaeologist Aaron Deter-Wolf of the Tennessee Division of Archaeology in Nashville.




Tattooing experiments and a review of global tattooing practices in traditional societies indicate that a hand-held, single-pointed tool with pigment on its tip was used to punch closely spaced holes in Otzi's skin, Deter-Wolf and colleagues report March 13 in the European Journal of Archaeology. This "hand-poke" tattooing technique has been reported since the mid-1800s among nonindustrialized cultures throughout much of the world, including Otzi's home region of central Europe.




In an initial 2022 investigation, Deter-Wolf teamed up with two professional tattooists who specialize in traditional, nonelectric techniques. One of those tattooists -- Danny Riday of The Temple Tattoo in Tamahere, New Zealand -- tattooed one of his legs with eight identical line designs using eight tools and four traditional techniques.




The tools were made from animal bone, obsidian, copper, a boar tusk and a steel needle. Tattooing techniques consisted of hand poking; tapping a handle attached to a bone point or a bone comb with a wood implement so that pigment-coated points punctured the skin; slicing the skin with an obsidian blade before rubbing in pigment; and using a needle to pull a pigment-infused thread through the skin's outer layer.





Getting tattoos the old-school way




[image: A photo of someone's upper leg with line art tattoos on it]A. Deter-Wolf, D. Riday and M.S. Jacobsen/EXARC Journal 2022





Professional tattooist and study coauthor Danny Riday offered up his leg as a canvas to try out different traditional tattooing techniques in the team's quest to figure out how Otzi got his tattoos. Tools and approaches used to make the tattoos, shown here, consisted of: (upper row, left to right) hand tapping the handle of a bone point, hand poking a copper awl, slicing skin with an obsidian blade, and pulling pigment-infused thread through skin with a bone needle; (lower row, left to right) hand tapping a boar tusk comb, hand poking a steel needle, hand poking a bone point, and hand poking an obsidian flake.






In the new study, Deter-Wolfe also teamed up with two archaeologists to compare microscopic images of Riday's tattoos after they had healed for six months to ultraviolet and high-resolution digital images of the Iceman's tattoos.




Tattoos created with different tools and techniques displayed distinctive physical signatures, Deter-Wolf says. But notably, Otzi's body markings are 1 to 3 millimeters wide and include stippling, rounded ends and irregular pigment seepage along their edges -- all hallmarks of hand poking using a bone point or copper awl.




[image: A photo of a sharpened bone awl on a white background]A sharpened bone awl from Otzi's toolkit (pictured) should be examined for evidence of having been used in tattooing, investigators recommend.Harald Wisthaler, South Tyrol Museum of Archaeology





Although the new report cannot determine with absolute certainty how Otzi got his tattoos, the researchers provide "extensive and plausible explanations" to support hand poking, says Marco Samadelli, head of the laboratory for the conservation of human remains at the Institute for Mummy Studies at Eurac Research in Bolzano, Italy. Samadelli directed conservation of the Iceman's remains from 1998 to 2021.




A bone awl found among Otzi's belongings features a point potentially sharp enough for use in tattooing, as does an antler tip from his quiver, Deter-Wolf says. Those finds have yet to be examined for tattoo-related damage or pigment residue.
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	'The High Seas' tells of the many ways humans are laying claim to the ocean

	Conservation goals often coexist alongside increased exploration and exploitation
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The High Seas
Olive Heffernan
Greystone Books, $32.95




The ocean is a rich, fertile and seemingly lawless frontier. It's a watery wild west, irresistible to humans hoping to plunder its many riches.




That is the narrative throughout The High Seas: Greed, Power and the Battle for the Unclaimed Ocean, a fast-paced, thoroughly reported and deeply disquieting book by science journalist Olive Heffernan, also the founding chief editor of the journal Nature Climate Change.




The book begins by churning rapidly through the waves of history that brought us to today, including how we even define the high seas: all ocean waters more than 200 nautical miles from any country's coastline. In many ways, the modern ocean grab was set in motion some 400 years ago. A bitter feud between Dutch and Portuguese traders culminated in a legal document called the Mare Liberum, or the "free seas," which argues that the ocean is a vast global commons owned by no one.








                        
                        
                        
                        
                        

                        




Heffernan devotes a chapter each to different ways people are increasingly staking claims to international waters, an expansion called the Blue Acceleration. Some are hunting for new fishing grounds or prospecting for seafloor ores (SN: 5/4/20). Others are searching for new medicines in the DNA of deep-sea microbes, sponges or sea lilies. Still others are exploring how to boost the ocean's carbon uptake to help slow climate change (SN: 4/26/24). Even the space industry wants a piece of the ocean -- to create watery graveyards for defunct spacecraft.




The careening from one ocean ambition to another underscores one of the book's biggest takeaways: We've established a precarious new type of ocean ecosystem, and it is going to be incredibly difficult -- maybe impossible -- to juggle all the priorities while also protecting ocean health and biodiversity.




Consider Trondheim, Norway, where Heffernan visits the SINTEF SeaLab. One of the world's wealthiest oil states, Norway wants to move its economy away from oil and more toward aquaculture, partly by dramatically increasing the production of its coastal salmon farms. The ocean's twilight zone, the murky waters that extend from about 100 meters to 1,000 meters below the surface, where sunlight no longer penetrates, could provide an immense untapped resource of feeder fish for those farmed salmon. By at least one estimate, Heffernan writes, the twilight zone contains as much as 95 percent of the ocean's fish by weight.




But these twilight denizens are also key to the ocean's ability to sequester atmospheric carbon (SN: 11/28/17). Crustaceans, fish and other creatures rise toward the surface to feed on carbon-bearing plankton at night, and then sink into the depths during the day -- carrying that carbon into the deep.




Such conflicting desires to plunder and protect show up over and over again. Nations urging conservation in one arena may push for increasing exploration or exploitation in another, Heffernan writes. The European Union in 2021, for example, offered subsidies to its fishing fleet to range farther offshore, even as it committed to sustainable fishing. Nations keen to commit to protecting marine life and combating climate change may be the same countries that support deep-sea mining, which may be detrimental to life on the ocean floor.




The problem, Heffernan says, isn't that the high seas are without any rules. Rather, there's "a mishmash of organizations and bodies, each using their own rulebook." Plus, she adds, "I now realize that many of those tasked with governing this space willfully ignore science and disregard expert advice."




There are global efforts afoot to establish uniform, consistent regulations on ocean activities. In particular, Heffernan notes that in 2023, United Nations member states passed the High Seas Treaty, which would establish marine protected areas in international waters. If ratified, the treaty could be a big step toward conserving ocean biodiversity. 




But be warned: This is not an uplifting book. By the final chapter -- titled, somewhat unconvincingly, "Hope for the high seas" -- it's hard to know what anyone could actually do to help save the ocean. What The High Seas does, and powerfully, is convey the sheer scope and complexity of the Blue Acceleration. We're at a crucial juncture, Heffernan writes: "We can continue going ever deeper and further offshore in our quest for new sources of wealth, or we can strike a more sustainable balance."









Buy The High Seas 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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Astronomers have gotten their best view yet of the magnetic fields around the gargantuan black hole at the center of the Milky Way.




A new image reveals that the behemoth, named Sagittarius A*, is encircled by highly-ordered magnetic structures, researchers report in two papers published March 27 in the Astrophysical Journal Letters. The features are similar to ones previously seen surrounding the galaxy M87's supermassive black hole (SN: 3/24/21).




Using the Event Horizon Telescope, a global collection of radio telescopes working in tandem, scientists captured polarized light coming from around Sagittarius A*, which lies about 27,000 light-years from Earth (SN: 4/10/19). Polarized light has waves that wiggle in the same direction, such as up and down or left and right. Mapping such light often gives astronomers insights into underlying magnetic phenomena.








                        
                        
                        
                        
                        

                        




The magnetic field closest to the black hole is relatively strong, about 30 times that of Earth's, though still only about as powerful as a fridge magnet, says astronomer Sara Issaoun of the Harvard and Smithsonian Center for Astrophysics in Cambridge, Mass. It's produced by charged particles in the hot dense plasma surrounding the black hole's accretion disk, a collection of gas and dust spiraling into Sagittarius A*.



[image: Comparison of magnetic field lines around galaxy M87's central supermassive black hole and the one in the Milky Way]Magnetic structures previously spied encircling the supermassive black hole in the galaxy M87 (left) look remarkably like those now seen around the much smaller and less active black hole in the center of our galaxy (right). For comparison, 120 billion kilometers is roughly 25 times the distance between Neptune and the sun, and 60 million kilometers is approximately the distance between Mercury and the sun.EHT CollaborationMagnetic structures previously spied encircling the supermassive black hole in the galaxy M87 (left) look remarkably like those now seen around the much smaller and less active black hole in the center of our galaxy (right). For comparison, 120 billion kilometers is roughly 25 times the distance between Neptune and the sun, and 60 million kilometers is approximately the distance between Mercury and the sun.EHT Collaboration




The Milky Way's central black hole is very different from the one in M87. The latter weighs as much as 6 billion suns, lives in a giant elliptical galaxy, and ejects a powerful jet of plasma visible at all wavelengths. Sagittarius A* weighs a mere 4 million suns, lives in a smaller spiral galaxy, and appears to have no jet at all.




Given such dissimilarities, "we expected to see different properties of their magnetic fields," Issaoun says. The fact that both are highly structured suggests such fields are ubiquitous around black holes and affect how these cosmic vacuum cleaners grow and evolve.
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 In a first, these crab spiders appear to collaborate, creating camouflage

 A female blended in with a flower's petals while a male resembled its pistil and stamens

 
 




Some crab spiders have ditched webs for flowers.
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 Protein whisperer Oluwatoyin Asojo fights neglected diseases

 She's also creating opportunities for scientists from historically underrepresented groups

 
 




When Oluwatoyin Asojo was about 9 years old, she started volunteering regularly at an orphanage near where she lived in Nigeria. She remembers seeing kids infected with parasitic worms, or with faces disfigured from leprosy.




"It was eye-opening," Asojo says. She was raised on campus at one of Africa's finest universities and Nigeria's oldest -- the University of Ibadan.
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Everyone knows that the brain influences the heart.




Stressful thoughts can set the heart pounding, sometimes with such deep force that we worry people can hear it. Anxiety can trigger the irregular skittering of atrial fibrillation. In more extreme and rarer cases, emotional turmoil from a shock -- the death of a loved one, a cancer diagnosis, an intense argument -- can trigger a syndrome that mimics a heart attack.
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 The largest 3-D map of the universe reveals hints of dark energy's secrets

 Dark energy might evolve over time, results from a major cosmic survey suggest

 
 




A massive survey of the cosmos is revealing new details of one of the most mysterious facets of the universe, dark energy.
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 Physicists take a major step toward making a nuclear clock

 In a first, a tabletop laser nudged a thorium nucleus into a higher energy state 

 
 




The time is nigh for nuclear clocks. 




In a first, scientists have used a tabletop laser to bump an atomic nucleus into a higher energy state. It's a feat that sets scientists on a path toward creating the first nuclear clock, which would keep time based on the inner workings of atomic nuclei.
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 Scientists find a naturally occurring molecule that forms a fractal

 The protein assembles itself into Sierpinski triangles

 
 




Fractals are everywhere in nature, from river deltas to tree branches. These structures look similar from afar as when you zoom in close.
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 This robot can tell when you're about to smile -- and smile back

 Emo can predict a human smile 839 milliseconds before it happens

 
 




With its hairless silicone skin and blue complexion, Emo the robot looks more like a mechanical re-creation of the Blue Man Group than a regular human.
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 Chickadees use memory 'bar codes' to find their hidden food stashes

 The finding hints at how episodic memories are encoded in the brain

 
 




Much like squirrels, black-capped chickadees hide their food, keeping track of many thousands of little treasures wedged into cracks or holes in tree bark.
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 A new road map shows how to prevent pandemics

 Keeping ecosystems healthy can minimize viral jumps between wildlife and humans

 
 




Want to limit the transfer of viruses between animals and humans? A new report gives examples of how to do that by keeping ecosystems intact.




The pandemic prevention road map, published March 26 in Nature Communications, recommends protecting or restoring places where animals forage and rest, and minimizing human-wildlife encounters in more developed areas.





This article was downloaded by calibre from https://www.sciencenews.org/article/road-map-prevent-pandemic-wildlife



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




 Plant 'time bombs' highlight how sneaky invasive species can be

 The sycamore maple seemed harmless for over 300 years. Then it started growing out of control
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 Language models may miss signs of depression in Black people's Facebook posts

 New findings raise questions about how mental health is measured

 
 




People with depression tend to write and speak about how bad they feel, years of research has shown.
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 Immune cells' intense reaction to the coronavirus may lead to pneumonia

 The virus appears to target macrophages that reside in the lung tissue

 
 




The intense reaction of one of the lungs' guardians against infection may help explain why COVID-19 can become severe.
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 Heat waves cause more illness and death in U.S. cities with fewer trees

 People of color shoulder the most burden, a new study finds

 
 




In the United States, urban neighborhoods with primarily white residents tend to have more trees than neighborhoods whose residents are predominantly people of color.
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 Polar forests may have just solved a solar storm mystery

 The 1859 Carrington event may be traceable for the first time -- thanks to Arctic trees

 
 




The strongest solar flare in recorded history burst into Earth's atmosphere in 1859, bathing both hemispheres in brilliantly colorful aurorae as it wreaked worldwide havoc on telegraph systems.
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 50 years ago, phantom pain was blamed on misfiring nerves 

 Excerpt from the May 11, 1974 issue of Science News 
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Physiology of the phantom limb -- Science News, May 11, 1974 




Nearly everybody who has had a leg or arm amputated sometimes experiences the sensation or feeling that they still have their missing limbs.
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 The typical Science News reader is ever so atypical

 
 




On April 8, millions of people in the United States experienced a thrill of a lifetime -- seeing a total solar eclipse.




I was among those lucky people. After failing to get organized early enough to book lodging in the path of totality, I noted my failure in an editor's note. Science News readers Kathy and Paul Mathews then emailed me to offer their guest room in Ohio. I didn't want to impose, but Kathy and Paul assured me that it would be no problem. You'd think they welcome itinerant eclipse chasers every day.




Not surprisingly, Kathy and Paul turned out to be kind, funny, smart and curious about the world -- typical Science News readers.
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 Readers consider medical privacy, where sharks rank in food webs
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Patient privacy




People with chronic conditions are taking medical research into their own hands, Betsy Ladyzhets reported in "Patient as scientist" (SN: 3/23/24, p. 22).




Connor, a patient highlighted in the story, asked to be identified by only his first name. But the story prints the full name of his spouse. "How exactly does that maintain [Connor's] medical privacy?" reader Tom Begich asked.




Connor's spouse, Nicole Bruno, agreed to print her last name because it differs from Connor's, Ladyzhets says. As part of Science News' fact-checking process, Ladyzhets also confirmed other details with the couple before publication.
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