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Stinging clouds of tear gas explode from beneath a car full of children, forcing them to flee into the snowy street to seek air that's safe to breathe. A man, face painted orange with pepper spray, is pinned to the icy ground by masked federal agents, unable to wipe the pain from his burning eyes. For weeks, reports of incidents like these have been coming out of Minnesota, where the Department of Homeland Security is facing daily protests over the agency's largest immigration enforcement operation in its history.




DHS claims it has arrested thousands of undocumented immigrants, and Secretary of Homeland Security Kristi Noem has justified the widespread use of tear gas and pepper spray, even though visual evidence shows agents deploying the chemicals largely against peaceful protesters and bystanders. These chemicals are banned in warfare by international treaties, but they have been used by U.S. law enforcement against civilians for decades.
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While it's clear these "crowd control agents" are designed to cause an immediate, debilitating reaction, health experts have raised serious concerns about their enduring effects on the body.




"These are chemical weapons that are harmful to the human body and harmful to particularly vulnerable folks, like children," says Asha Hassan, an epidemiologist at the University of Minnesota in Minneapolis. "We know that tear gas causes tears, but it also causes other things that are a lot more severe," she says -- even death.




But the long-term health risks are poorly understood. No large, systematic studies have investigated the health problems that emerge long after exposure to these chemicals, says Anthony Szema, chair of the American Thoracic Society's Section on Terrorism and Inhalation Disasters. Some research, though, has painted a picture of enduring repercussions. For weeks and even months after the immediate moments of exposure, crowd control agents may continue to sabotage the organs that allow us to breathe, pump blood and even make life.




Here's a closer look at these chemicals and what's known about their immediate and long-term health impacts.




What's in crowd control agents




Tear gas and pepper spray are vague terms that encapsulate a slew of chemicals.




Tear gas has been used by U.S. law enforcement against civilians for over a century. The compound 2-chlorobenzalmalononitrile, or CS, is the most common tear gas irritant used today. It is commonly deployed via exploding gas canisters and sometimes mixed into jets shot from water cannons.




Pepper spray typically contains oleoresin capsicum (OC), a resinous mixture of chili pepper extracts that includes capsaicin and became popular for use in the 1960s. It can be particularly harmful to people with allergies to peppers, says Szema, a pulmonologist at Hofstra University in Hempstead, N.Y. Alternatively, pepper spray can contain PAVA, which contains a lab-made version of OC. These chemicals are often sprayed from handheld canisters, and they're also found in pepperballs -- paintball-like projectiles fired from specialized guns.




[image: A man is held down by multiple people while pepper spray is sprayed into his face.]Tear gas and pepper spray can overwhelm the eyes, mouth and skin with pain and cause severe complications at high levels of exposure. In this image, captured on January 21 in Minneapolis, a U.S. Border Patrol agent is shown shooting orange pepper spray into the face of a pinned-down demonstrator.VINCENT ALBAN/The New York Times/Redux





That's a big-picture look. But a major problem with studying crowd control compounds is that it's often unclear which chemicals are being used and in what concentrations. There is no national level regulation of these chemical agents, and manufacturers share very little information about what goes into them, says emergency physician and epidemiologist Rohini Haar of the University of California, Berkeley. That means it's not always clear what's in the fumes that spew from a tear gas cannister, and that can make it difficult to tie the use of specific chemicals to specific health risks.




While it seems most probable that the tear gas being used in Minneapolis contains CS, we wouldn't necessarily know if law enforcement was using even more painful but less studied versions of CS, called CX and CR, Haar says. "I know they exist, I know that they're manufactured, but there's no regulation on telling us what people are buying or what's in a canister."
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Further muddying the picture are the other compounds that get mixed in to assist with dispersal or prolong exposure, and which can be toxic themselves. For instance, tear gas cannisters may contain potassium perchlorate, a chemical that donates oxygen to the cannister's explosion and which has also been linked to thyroid issues. And CS is sometimes mixed with silica gel to keep it from disintegrating quickly. These longer-lasting forms can linger on clothes and expose first responders, and they can affect an area for days.




First comes the pain




Tear gas and pepper spray activate pain-sensing nerves on the skin, on the surface of the eye and in our airways, says Sven Jordt, a pain and sensation researcher at Duke University. That immediately triggers protective reflexes -- coughing, tears, mucus secretion -- that help wash away the chemicals. "But these agents are so potent that these reflexes become overwhelming, and [they] incapacitate you if you don't remove yourself from the situation," Jordt says.




There is no antidote for these agents, the U.S. Centers for Disease Control and Prevention says. If a person is exposed, they should move away from the exposure source, find fresh air, wash their skin with soap and water and rinse their eyes until they appear clear of chemicals, the CDC recommends. After following those steps, it typically takes about 30 minutes for symptoms to disappear, though more severe exposure may lead to long-lasting symptoms, especially if the individual was exposed indoors.




[image: A bottle of water is squirted into a person's eye.]On January 9, a demonstrator outside the Bishop Henry Whipple Federal Building in Minneapolis has their eyes flushed after being pepper-sprayed. Scott Olson/Staff/Getty Images News





Children are among the most at risk from these chemicals, due to their small bodies and the vulnerability of their pain nerves. "Their tissues are more delicate, their skin is thinner, so it's easier for the agent to reach their nerve endings," Jordt says. "Their airways have a smaller diameter, so if there's any obstruction, swelling, mucus, they have more trouble breathing." Moreover, CS gas tends to accumulate near the ground, and children are shorter, which potentially increases their exposure, he says.




Longer-term respiratory risks




Acute symptoms have been well-documented. But the longer-term effects of crowd control agents remain poorly understood. Much of what's known is based on anecdotal evidence, such as reports from conflict zones, Hassan says. And many of the studies looked only at healthy populations like military recruits, and aren't representative of the broader population, Jordt says.




But even studies on healthy groups have been concerning.




A 2014 study of more than 6,000 army recruits found the odds of being diagnosed with an acute respiratory illness -- such as bronchitis, sinusitis and throat pain -- more than doubled after exposure to tear gas in basic training. A total of 114 recruits were diagnosed with respiratory illness during the week following exposure to the CS agent, while 47 were diagnosed in the week before. 




The study also found that higher amounts of exposure were associated with greater chances of illness, and subsequent research found that reducing exposure concentrations reduced the risks. That research showed that the effects of tear gas persisted in the days following exposure in healthy subjects, and it led the military to limit exposure concentrations and durations and improve decontamination procedures.




These chemicals, especially the CS agent, can burn the surfaces of the eyes and the airways, damaging the lining of the respiratory system and the eye for some time, Jordt says. That can lead to fluids leaking into the lungs, causing pulmonary edema, which can subsequently lead to infection and other respiratory issues. After high levels or repeated instances of exposure, that sort of damage may potentially cause lasting effects.




[image: A person holds an umbrella and wears a mask.]A demonstrator in Minneapolis uses an umbrella and mask on January 15 to protect herself from tear gas used by federal law enforcement agents.  OCTAVIO JONES/Contributor/AFP/Getty Images





The elderly, smokers and people with asthma or other respiratory conditions should be especially wary about exposure, Jordt says, as the chemicals could trigger or exacerbate preexisting respiratory issues, including infectious diseases. That's a concern for the people in Minnesota because the protests are occurring in the middle of respiratory virus season, Szema points out.




Other studies have also linked respiratory illnesses and tear gas exposure. For instance, in a 2018 report reviewed by UC Berkeley's Human Rights Center, Haar and psychologist Jess Ghannam of the University of California, San Francisco described experiences of people exposed to tear gas almost daily in camps in the West Bank. "The long-term impacts were, you know, catastrophic, like lung problems, asthma, breathing issues, skin allergies," Haar says. That level of daily exposure over years and in crowded conditions may be extreme, but it can provide insights into places like Portland, Chicago and Minnesota, where civilians have been repeatedly exposed to tear gas and pepper spray by law enforcement.




Lingering heart problems




While the risks of respiratory issues seem somewhat intuitive, evidence suggests that effects can cascade beyond the depths of one's breath. In 2025, a group of researchers led by pediatrician Konstantine Chakhunashvili of the Caucasus University in Tbilisi, Georgia, reported significant rates of heart issues in demonstrators who had been teargassed during the protests over Georgia's 2024 parliamentary election results.




Chakhunashvili and his colleagues observed the hearts of 69 demonstrators who had been exposed to tear gas at the protests, where canisters containing the CS agent were found. Examinations of the electrical activity in subjects' hearts -- which were conducted at least five weeks after exposure -- revealed delayed electrical impulses in the hearts of about a third of the demonstrators and in just 7 percent of nonexposed individuals. The researchers also detected a signal often associated with reduced blood flow in the hearts of about 29 percent of the demonstrators, and in 3 percent of the unexposed people.




That suggests there's a link between tear gas and "possible issues with oxygenation of blood and possible oxygen deprivation of a heart muscle" that can linger for weeks, Chakhunashvili says. He and his colleagues also surveyed over 300 demonstrators and found that more than a third reported experiencing headaches, eye problems, skin disorders, high blood pressure or psychological trauma more than a month after exposure.




More studies are needed to determine cause and effect. Nonetheless, "the indiscriminate nature of tear gas should prompt at least the democratic world to implement stricter rules about its use," he says.




Reproductive repercussions




Researchers in Minneapolis have raised concerns that tear gas might have lingering impacts on another part of the body. Hassan was living in southern Minneapolis in 2020 when protests erupted over the killing of George Floyd -- an unarmed Black man -- by a police officer. "I was hearing ... from my neighbors that they were experiencing unexpected changes in their bodies," she says.




Individuals who had not experienced menstruation in years, due to birth control or hormone use, told Hassan that they experienced spontaneous menstrual bleeding in the moments after being exposed to tear gas. "Hearing that like one time, I don't know, maybe sounds like a fluke," Hassan says. "I heard that several times from my neighbors and community members."




Hassan and her colleagues analyzed survey responses from more than 1,200 people who had been exposed to chemical agents by law enforcement in 2020 and 2021. In 2023, Hassan and her colleagues reported that 83 percent of the exposed individuals experienced uterine cramping, breast tenderness or early or late menstrual bleedings. What's more, they found that individuals that had been exposed on more than two days were twice as likely to experience an adverse effect as those exposed on one day.




Notably, 10 of the 19 individuals who reported that they were pregnant when exposed reported a subsequent miscarriage -- that's about twice the expected rate of miscarriage. Though the sample size is too small to conclusively associate exposure and miscarriage, the finding raises questions about both the short- and long-term fertility of those who are exposed to crowd control chemicals, Hassan and her colleagues note in the study.





83
percent




-- percentage of the more than 1,200 people exposed to chemical crowd control agents who experienced uterine cramping, breast tenderness or menstrual irregularities.






It's not the first time such a link has been brought up. For instance, Haar's work in the West Bank and a 2012 report on teargassing of civilians in Bahrain both noted miscarriages following exposure. And in 2011, concerns about the link prompted the government of Chile to ban tear gas, though only temporarily.




One hypothesis is that stress is at least partly to blame, Jordt says. Hassan, however, suspects a more physical explanation. "It would take a lot [of stress] for somebody to all of a sudden have a spontaneous bleed after years," she says. Another explanation is that these agents are disrupting hormonal systems in our bodies, both Hassan and Jordt say, similarly to how the plastics compound BPA does.




Now, Hassan is collecting data to investigate whether widespread tear gas use in Minneapolis affected preterm birth rates in 2020 and 2021 and may also include data from 2025 and 2026 as it becomes available. "I repeatedly was getting emails from health care providers who had noticed more preterm birth," she says. "I'm hoping to be able to explore that a little bit and get an understanding if there are population level changes."




Research efforts like Hassan's are uncommon in the United States, due to a scarcity of federal research support -- a drought that had set in long before DHS began its operation in Minnesota. There's basically no government funding for this sort of research, Haar and Jordt say. "It seems to me that there is no real, serious intent to try and understand the health effects of these agents from the side of the government," Jordt says.
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It was a typical Florida story. In January 2014, Missy Williams stood at the edge of a park-and-fly in Dania Beach near Fort Lauderdale-Hollywood International Airport. She watched the boundary where a chain-link fence stood between a strip of mangroves and the parking lot. Williams waited. Less than 20 minutes later, she saw them: wild African vervet monkeys climbing the fence.




"I was just in a state of awe," Williams recalls. "I couldn't believe it was really happening."
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Then a graduate student at Florida Atlantic University in Boca Raton, Williams had been preparing to travel to Gombe National Park in Tanzania to study wild monkeys. But as the mother of a young boy, Williams was finding balancing foreign fieldwork and childcare difficult. Then, a Miami local mentioned that there might be wild primates closer at hand.




That conversation led Williams to the airport, and her chance meeting in the parking lot sparked a love affair -- one that has made her the number one advocate for one of South Florida's best kept secrets.




No primates, aside from humans, are native to the United States. But at least 10 species of primates have been introduced to the country since 1930. In Florida, three species of monkeys have established breeding populations. Among them are the Dania Beach colony, a small population of vervet monkeys that has lived in and around the city's mangrove forest for nearly 80 years.




"It's pretty cool to have wild monkeys in your backyard."
 Kyle Jones
Brewery Operations Manager





Despite their nonnative status, this colony is beloved by some Dania Beach residents. They are fed by office workers, mentioned in megachurch sermons and are even mascots for local beers. But their continued survival is threatened. Monkeys are frequently run over by cars, electrocuted or simply disappear -- potential victims of the illegal exotic pet trade. And according to Williams' research, the Dania Beach colony will likely go extinct within the next century.




Some local residents, including Williams, are now advocating for the colony to be protected. These wishes run counter to federal and state policies, which aim to remove or manage nonnative species of concern. The Florida Fish and Wildlife Conservation Commission considers the Dania Beach vervets an invasive species because of their potential to have negative impacts on native wildlife, ecosystems and agriculture.




"Nonnative species do not belong in Florida's environment," Commission spokesperson Lisa Thompson said to Science News in an emailed statement.




Some invasive species researchers are also dubious about proposed protections for the monkeys. "People probably feel drawn to primates because they're cute and fuzzy," says wildlife ecologist Steve Johnson of the University of Florida, Gainesville. But monkeys and other introduced species, he says, "will never be native to Florida."




Whether these vervets survive largely depends on how they are perceived. Are they valued Dania Beach residents? Or are they a nonnative threat that should be allowed to slowly vanish into extinction? And who gets to decide which view about these monkeys matters more?




Invasive science is born
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There is nothing new about people transporting other species to novel environments. As far back as 5,000 years ago, hunter-gatherers brought the dingo -- a type of feral dog -- to the islands of New Guinea and Australia from mainland Southeast Asia. Across centuries, people have carried plants, microbes, fungi and animals with them on their journeys around the globe.




The rate of species exchange has only increased. In the last few hundred years, "humans have become extremely good at moving things," says Martin Nunez, an invasion biologist at the University of Houston in Texas. Airplane and boat travel have introduced species to one another that evolved over millennia in isolation. Sometimes these meetings have had disastrous consequences.




Take the infamous chestnut blight. The American chestnut (Castanea dentata) was once the dominant tree type in U.S. eastern forests, a key food source for people and animals and so common that many streets still bear the name. But the arrival of a fungus from Asia sometime around the turn of the 20th century devastated the keystone species. Today, the species is considered functionally extinct.




Scientists recognized the breadth of invasive species' impact only relatively recently. In 1980, ecologists gathered for a conference in South Africa to talk about threats to Mediterranean ecosystems. It didn't take long for researchers to realize that the bulk of their presentations centered on the impact that introduced species had on their various study sites. That conference helped launch a global effort to understand how introduced species were reshaping not just local ecosystems, but the world.




This work "started a real science of invasions," says ecologist Dan Simberloff of the University of Tennessee in Knoxville.




By pooling their data, researchers found that most newly introduced plants and animals quickly perished upon arrival or never established a breeding population. But a handful of newcomers survived -- and even thrived -- in environments without established predators or diseases to keep their populations in check.




[image: A vervet monkey is in mid-air as it jumps from car to car]One of the monkeys frolics through an airport parking lot.Rebecca Blackwell/AP Photo





Any species introduced to a new ecosystem by people is considered nonnative. These introduced species only become invasive when there is evidence that they can, or do, bring harm to human health, the environment or the economy. There is no established method for determining whether a species is invasive, but there are some general signposts, including when a species rapidly spreads from its area of introduction, or evidence of a species outcompeting or actively preying on native species.




Nonnative species can also earn the invasive title if they are considered pests, such as the emerald ash borer (Agrilus planipennis), which likely arrived in North America from Asia during the mid-1990s and is reviled for the damage the insect has done to the continent's ash trees.




Today, the International Union for Conservation of Nature considers invasive species to be one of the biggest threats to biodiversity and a major driver behind extinctions. Invaders are also expensive. From 2010 to 2020, invasive species cost the U.S. economy around $21 billion a year in agricultural loss, forestry issues and other management costs, researchers reported in 2022 in Science of the Total Environment.




In 1977, then-President Jimmy Carter had signed an executive order that forbade new species from being released on federal lands and waterways. But it was too little, too late. The executive order was powerless against people bringing nonnative species onto private or state property. And by then, hundreds of species had already made their way into the country -- with more to come.




Florida is one of the nation's hot spots for invasive species; it is now home to over 600 nonnative species. At least 139 of these are established and breeding in the wild, according to the Florida Fish and Wildlife Conservation Commission.




Part of the agency's job is to manage existing nonnative species and prevent new introductions. Some of the species managed by Florida Fish and Wildlife -- such as the invasive Burmese python (Python bivittatus) -- are highly publicized by the media and are the targets of mass management campaigns.




But the sheer scale of the problem means that many introduced species can't be prioritized or simply fly under the radar. For instance, that small colony of vervet monkeys in South Florida.




The great escape




Vervet monkeys are well suited to the invasive lifestyle. Six species of vervet monkeys, belonging to the genus Chlorocebus, live across sub-Saharan Africa. Most species are thriving and can be found anywhere from the savanna to dense city centers.




The success of this genus, especially at a time when many animal species are threatened, can be tied in part to their adaptability. Vervet monkeys are omnivores, live in flexible social groups, are quick learners and can survive pretty much anywhere they have access to trees, water and warm weather, Williams says. Their flexible lifestyles allowed early escapees to colonize several Caribbean islands starting in the 1600s, where they continue to raid farms and charm tourists to this day.




Primatologists have studied vervet monkeys for decades. But when Williams started her Ph.D. research in 2014, next to nothing was known about the Dania Beach colony. A literature review revealed just one paper written on the topic: a 1995 study published in Florida Scientist that counted 36 vervet monkeys in Dania Beach of suspected East African origin.




Everything else was a mystery. How had African monkeys made their way into Florida? And what did people think of them?




Williams set out to answer these questions will the help of her Ph.D. advisor at Florida Atlantic University, Katie Detwiler. As a primatologist, Detwiler was accustomed to traveling outside of the country to study free-roaming primates. Having wild primates so close at hand seemed like an incredible opportunity, she recalls.




However, habituating the monkeys to their presence was hard work. The team had to ask for permission from landowners to access the mangroves -- and many were reluctant to give it.




"The whole area has known about them for a very long time, and they protect them," Detwiler says. Some landowners worried that the scientists would harm the colony or try to trap them for biomedical research (another of Florida's nonnative monkeys, rhesus macaques, have been trapped and sold to labs). One particularly reluctant business owner was so protective of the monkeys that he'd previously dropped the basket of a backhoe onto the car of a suspected trapper.





Monkeys on the move



[image: A map shows highlighted locations of Dania Beach, St. Martin, St. Kitts and Nevis and Barbados. In the corner is a globe which also has parts of West Africa highlighted.]D.M. Williams et al/Primates 2021, adapted by B. PriceD.M. Williams et al/Primates 2021, adapted by B. Price




Genetic samples from the Dania Beach monkeys helped scientists trace their origins to West Africa (highlighted area of the inset map). Monkeys from this region are also found scattered across the Caribbean.






The wild monkeys were also extremely nervous around people, and sneaking up to them proved next to impossible in the muddy, sulfuric, insect-ridden mangroves. The team lost shoes and much of their sanity before deciding to stick to the parking lots, which the monkeys also patrolled.




With time, Williams habituated some monkeys to her presence. She was also starting to make headway with the Dania Beach community, who started to refer to her as "the monkey lady." Interviewing residents was key to answering one of Williams' most pressing questions: Where had the colony come from?




Newspaper clips suggested the monkeys had been around since at least the 1950s. Her interviews with older residents eventually led Williams to investigate a biomedical research organization-cum-zoo that used to import primates from West Africa. The organization was opened in 1939 by Leila Roosevelt Denis, first cousin to President Theodore Roosevelt. Primates from the center were sold to private universities and the National Institutes of Health for polio and tuberculosis research, as well as the Air Force for early space flight studies.




In 1947, 50 monkeys ran off into the surrounding mangroves after a zookeeper either failed to properly lock a cage or the imprisoned monkeys figured out how to jerry rig the door. Most were eventually recaptured. But around 15 were never accounted for.




The timing of this disappearing act suggested to Williams that this was the founding population for the Dania Beach colony. But the story didn't line up with the 1995 study suggesting that the colony was made up of hybrids from two vervet species originating in Uganda, in East Africa.




Williams collected DNA from fecal samples and one dead monkey. The DNA soon confirmed what Williams suspected: The Dania Beach monkeys belong to the vervet species Chlorocebus sabaeus, otherwise known as the green monkey, which can be found from Senegal to Ghana in West Africa. The ancestors of these monkeys, it seemed, were indeed the lucky escapees of the biomedical trade.




Living on the edge




It's a beautiful October day in Dania Beach, and the setting sun is filtering through the tops of the mangroves when Williams calls me on FaceTime. We're going to see some monkeys.




Williams finished her Ph.D. research in 2019. She now works as an adjunct professor at Florida Atlantic University, where she's helped some students access the Dania Beach colony for research projects. Williams is also the director of the Dania Beach Vervet Project, a nonprofit that advocates for the protection of the Dania Beach colony.




Scientists are often uncomfortable with outward displays of affection for their research subjects. That's not the case for Williams. Her "interest in the beginning has always been in animal welfare," Detwiler says.




In 2022, Williams opened a 3.5-acre sanctuary at the same spot where she first saw the colony over 10 years ago. Wooden enclosures wrapped in chicken wire are now the permanent homes of eight vervets. Most are surrendered pets, but two -- Spock and Betty -- were born in the mangroves just outside their enclosures.




Williams approaches the enclosure that Spock and Betty share with a surrendered pet, Margarita. Spock, the old man of the group, is tearing apart a cardboard box in search of a snack. It's a bit unusual for him, Williams says. "Spock is a lazy forager. Normally, he'll wait for the girls to open it, and then he swoops in to take the goods."




Betty gets up from the swing where she's been lazing and climbs down toward Williams. She's fast-moving, despite her missing leg and amputated tail. "Hi, Betty!" Williams calls out in a sing-song voice. Betty reaches through the chicken wire trying to grab Williams' smartwatch.




Betty was one of the sanctuary's first residents. As an infant, she was electrocuted while climbing a utility pole. She would likely have died without veterinary care, Williams says.




There are few medical options for a member of a nonnative species like Betty. Before the sanctuary opened, most injured monkeys "were basically neglected," Williams says, and were either euthanized or given to a breeder.




"I don't think that it's fair that just because they're a nonnative species, that they should be maligned."
 Missy Williams
Primatologist





Betty is far from alone in her infirmities. Many of the Dania Beach monkeys sport injuries. One wild monkey, dubbed Baby Billy after a character in the TV series The Righteous Gemstones, self-amputated an arm after getting electrocuted. Other monkeys have been maimed or killed by cars.




These constant injuries might explain why the population hasn't grown much in over a decade, Williams says. Green monkeys are among the select 22 percent of primate species that aren't considered threatened or endangered by the IUCN. Females can give birth once a year, usually to a single infant, and Caribbean islands have borne witness to how their population can boom under the right conditions. For example, the island of St. Kitts -- just 176 square kilometers -- could be home to more than 37,000 green monkeys.




But the Dania Beach colony isn't growing. In fact, it's likely to shrink in the coming decades. A population model run by Williams in her thesis counted 41 monkeys split between social groups, a measly 14 percent increase compared to the 1995 count.




Williams' work suggests that the colony will go extinct within a century, with most models averaging extinction in around 50 years.




Williams has mixed feelings about this finding. On one hand, it means that the monkeys are unlikely to expand outside of their current range -- something that might earn them a bad reputation if they start showing up where people think they shouldn't be.




That's what seems to have happened in St. Kitts, where green monkeys are now considered invasive and are a major priority for removal by the government. The population was previously controlled by the sugar industry, which routinely shot green monkeys. But the end of large sugar plantations around 2005 led to a population explosion, and today, green monkeys routinely raid and damage half of all farms on the island.




Dania Beach's vervets have escaped censure in part because there simply aren't enough of them to be considered pests, Detwiler says. They don't raid farms or garbage bins. Keeping a lid on their growth could help keep them in their human neighbor's good graces.




But for Williams, it's also bittersweet to imagine the mangroves empty of vervets. "I love them," she says. "I don't think that it's fair that just because they're a non- native species, that they should be maligned."




Beloved neighbors




"Maligned" isn't the best way to describe how Dania Beach residents typically feel about the wild monkeys. For one thing, most people simply don't know they exist, says Eugen Bold, former director of policy and public affairs for Broward County, Fla.




People who do know about the monkeys tend to greet their primate neighbors with delight. In an anonymous survey Williams ran from 2015 to 2018, 70 percent of over 230 respondents said the monkeys were "openly welcomed." Only 7 percent said the monkeys shouldn't receive protection because of their nonnative status.




This lines up with Bold's experience. While working for the county commissioner, Bold sometimes received calls from residents worried about the monkeys' welfare. Concerns about the monkeys -- such as their risk for passing on disease -- were few and far between, he says.




"It's pretty cool to have wild monkeys in your backyard," says Kyle Jones, cofounder and operations manager of LauderAle Brewery & Tap Room, one of the businesses that backs up against train tracks where the vervets roam. People sometimes show up at the brewery asking to see the monkeys, and he hosts fundraisers for the sanctuary.




This goodwill doesn't just extend to tolerance. Some Dania Beach residents want the monkeys protected -- including Bold, who is now running for Broward County commissioner. If he wins the election in November, Bold sees the colony as a "great opportunity" to incorporate the county's "unique history" into the areas' public education system, which currently serves nearly 250,000 students.




[image: A man tosses a potato chip to two vervet monkeys. One monkey is waiting for it with outstretched arms while the other munches on another potato chip.]Many Dania Beach residents openly welcome their vervet monkey neighbors, a survey found.Thomas Gonye/iNaturalist (CC BY-NC 4.0)





In contrast to the current Florida Fish and Wildlife stance, "I would redefine them as Florida wildlife," Bold says.




Not everyone is thrilled with this take.




"For me, it's wrong," says Nunez, the invasive species biologist from the University of Houston. Nonnative species -- even beloved ones -- can make life extremely difficult for native species. For instance, free-roaming cats in North America kill somewhere in the realm of 1.3 billion to 4 billion birds a year in the U.S. alone. Even if there isn't current evidence that the vervets are causing harm to Florida's mangroves, "we don't know the real impact" they are having now or will have in the future, Nunez says.




He adds that it isn't unusual for people to become attached to nonnative species. People can hate native species like mosquitoes even while they feel deep affection for the nonnative ornamental plants in their gardens.




These emotions can translate into policy. Take feral horses in North America, which were brought over from Europe by Spaniards sometime in the 1500s. More than 73,000 wild horses now roam on land overseen by the U.S. Bureau of Land Management. Some research suggests that they graze on native plants and contribute to soil erosion. But the cultural associations between horses and the American West -- along with concerns for their wellbeing -- mean that feral horses are protected under federal law.




Something similar may be at work in Florida, Nunez says. No one is currently calling for removal of the Dania Beach monkeys. But an attempt to remove Asian rhesus macaques in the state's Silver Springs State Park between 1988 and 2012 was met with fierce opposition. The sympathy people feel for monkeys may spare Dania Beach's population from any attempt to remove them, and may even spur people to actively protect them.




Oh, the humanity




Then there's the fact that Williams isn't so sure that the Dania Beach vervets meet the definition of an invasive species. For one thing, the population isn't growing, probably because "there's no place for them to go," Detwiler says. The area around the mangroves is so developed that monkeys cannot easily spread from their original habitat.




Meanwhile, it's still not clear how the monkeys impact the local ecosystem. Locals sometimes call the vervets "bougie" because of their picky eating habits -- unwilling to eat lettuce, tomatoes or shortbread cookies, which their counterparts in West Africa would be glad for, Williams says.




These picky habits seem to extend to foraging. One of the ways that scientists establish whether monkeys are invasive is by seeing whether they take eggs from nests. One study of Silver Springs' rhesus macaques found that those monkeys did go after quail eggs placed in the wild, which implied they could also go after the nests of native species.




But a similar study conducted by one of Williams' students found no evidence that the vervet colony was going after eggs in the mangroves. Instead, the most frequent egg raiders were native raccoons.




Which isn't to say that the Dania Beach monkeys don't go on raids. Williams calls me while I'm walking back to my bike after running errands in mid-October. Some free-roaming moneys are paying Williams' sanctuary a visit. It's part of their daily foraging routine, one that involves harassing the sanctuary's resident monkeys through the chicken wire.




On the call, monkeys line up on the roof of the sanctuary's office shed, peering down at the camera. Williams shows me each of their faces, naming them one by one.




[image: A woman crouches down to hand-feed six vervet monkeys some trail mix from a bowl. Someone stands behind her to watch.]An employee at the airport park-and-fly feeds trail mix to some of the wild vervet monkeys that live nearby.Rebecca Blackwell/AP Photo





As with all introduced species, the ancestors of these monkeys were brought to Florida by people. And with that involuntary relocation, the survival of the Dania Beach vervets is now in human hands.




To Williams, it's clear that her vervets are "100 percent just nonnative" rather than invasive. In an ideal world, Williams would like the monkeys to be "grandfathered in" as a new native species to Florida. "If the science and the data say, 'Hey, this is going to be OK, they're not going to become invasive,' then why not make an exception?" she says.




Other scientists aren't sure it's that simple.




"The field has discovered more and more impacts that are subtle and hadn't been recognized right away," Simberloff says. The true impact of the vervets on the mangroves -- one of Florida's most endangered ecosystems -- may not yet be obvious.




Still, whether the monkeys are invasive may be a moot point for Dania Beach residents, and ultimately, how the colony is managed. "Could you shoot a monkey?" Simberloff asks. "I couldn't."
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At first glance, Harvard Forest seems like an ordinary woodland. Oak trees shade the terrain among small shrubs and other trees, mostly maple, birch and beech. Fallen leaves coat the ground below. What makes this 1,600-hectare patch of land in north central Massachusetts special is buried in the soil.




Some 10 centimeters below, scientists have installed a subterranean network of wires -- some of which have been active for about 35 years -- that warms the forest floor. By continuously heating the soil 5 degrees Celsius above ambient soil temperature, these wires imitate the warming effects of climate change for researchers who want to understand what a hotter world might mean for the surrounding ecosystem.
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Ecologist Serita Frey of the University of New Hampshire in Durham has certainly noticed changes since she started working at Harvard Forest in 2003. These days, more rain and less snow falls in winter. Summers are drier than they used to be. More trees are falling victim to disease, and some invasive species are moving in. But what is less noticeable -- and what she's keen to learn -- is what's happening to the bacteria, fungi and other microbes that make their homes in the dirt below the forest floor.




Microbes, like all life on Earth, are facing a warming climate. With underground wires artificially warming the soil, Frey and her team can collect soil samples to monitor how microorganisms that make their homes in Harvard Forest's soil are faring. They've learned, for instance, that two decades of warming have altered populations of bacteria inhabiting the topsoil of heated plots, as well as the makeup of the microbial community found in clumps of soil.




Overall, human-driven climate change is "shifting the composition of the community in terms of who's there," Frey says. "But we're also shifting its function."




Scientists have long known that microbes play a crucial role in maintaining the levels of carbon and other nutrients in our environment. As microbes break down dead animal and plant matter, these organisms can both absorb and produce climate-altering gases, including carbon dioxide, methane and nitrous oxide. In a warming world, that cycle could start to look different, with serious consequences for other life on the planet. Frey is among many researchers working to understand how climate change will affect microbes -- and if humans can harness them to reduce its impacts.





Carbon on the move




[image: An illustration of how carbon moves through soils, waterways and organisms.]C. Chang, Rudzhan Nagiev/iStock/Getty Images Plus





Carbon moves continuously through soils, waterways, organisms and the atmosphere in a process called the carbon cycle. 




Carbon dioxide enters the atmosphere from respiring 
plants (B, E) and animals (C), as well as through human 
activities (A). 




As microbes break down dead organisms in soil or water (D), they push carbon into underground stores (F) or the deep ocean. 




But, similar to animals and plants, microbes can also release carbon into the atmosphere as a by-product of making energy.






Sponsor Message



  






Like with the soil work, research elsewhere is revealing that viruses and other microbes in thawing permafrost may add more carbon to the atmosphere as they break down previously frozen matter. But other microbial abilities might have the opposite effect and prove beneficial against climate change-induced consequences. For example, when paired with helpful soil fungi, plants at risk of losing their habitat could get a boost to endure environmental stress or disease.




Understanding how microbes respond to warming temperatures, drought, flooding and more is key for identifying strategies that might prevent additional carbon from seeping into the atmosphere or help manage transforming ecosystems, says microbial ecologist Jizhong "Joe" Zhou of the University of Oklahoma in Norman. Earth's microbes have weathered 3.5 billion years of oscillating climates. For them, change is the only constant.




Changing communities




Roughly 2,300 kilometers away from Harvard Forest's shaded terrain, tall prairie grasses and small trees cover a vast expanse of rolling hills south of Oklahoma City. Dotting the grassland are long, tubelike infrared lamps that hover 1.5 meters above the soil and are spread evenly across experimental plots, each a few meters wide.




Part of an experiment that Zhou leads at the University of Oklahoma's Kessler Atmospheric and Ecological Field Station, or KAEFS, the lamps heat the dirt and surrounding air to 3 or 4 degrees Celsius above ambient temperature. Like at Harvard Forest, the goal behind this experiment is to zoom in on soil's smallest life-forms to see if and how quickly new microbes might take over, in this case, warmer grassland soils.




[image: Infrared lamps on stilts in a small field.]Infrared lamps heat both soil and air to mimic climate change at an Oklahoma field station.Courtesy of J. Zhou





Experiments in other research sites use outdoor chambers to create hotter experimental plots or, as Harvard Forest does, warm the soil directly. But heating air and soil together is a more realistic way of looking at how increasing temperatures impact subterranean ecosystems, Zhou says. In nature, "warming generally affects the air first."




Since the project began in 2009, Zhou and his team have collected a trove of data. Wires made of a mix of copper and nickel and placed as deep as 75 centimeters in the soil record the temperature every 15 minutes. The team also regularly measures the soil's water content and keeps tabs on which plants are growing and how much carbon is in the soil. Every year, when plant growth peaks in September or October, researchers pull a 15-centimeter-deep chunk of soil from three spots in each plot to assess the microbial makeup.




After roughly five years of artificial warming, many of the microbes inhabiting the grassland plots changed, Zhou and colleagues reported in 2018 in Nature Climate Change. These included bacteria such as Actinobacteria, which help maintain nutrient levels to keep soil fertile, and Ascomycota fungi, which also help stabilize soil. Such organisms either dominated other microbes or died out altogether under higher temperatures compared with control plots. Warming also pushed these microbial populations to change faster over time. Population shifts that might have happened naturally over the course of decades instead happened in just a few years.




As Zhou and colleagues continued to monitor changes for an additional two years, they found that the microbial diversity in the soil decreased. Fewer species of bacteria and fungi occupied grassland plots that experienced continuous warming and drought. When that happens, relationships between the species that remain can become increasingly complex, sometimes forcing them to battle one another to persist in a changing environment.




"If we look at the future, 15, 20 years, 50 years or 100 years later," Zhou says, "the whole community could be quite different from right now." And as microbial populations fluctuate, so can their roles in the ecosystem.




Parsing differences




For all that Zhou and others have learned about changing microbial communities, piecing together which organisms are doing what in their environment is tough. Scientists haven't historically had a solid grasp on which microbes live where. That may come as no surprise, because our planet may host as many as 1 trillion different species living across vastly different landscapes.




Because microbes are invisible to the unaided eye, scientists have to rely on indirect ways of studying them. DNA from the environment can provide a window into who's there, says Michael Van Nuland, a Portland, Ore.-based ecologist and evolutionary biologist with the Society for the Protection of Underground Networks. But it can be hard to know if that genetic material is coming from part of the microbial community as it is today, "or if you're capturing remnant pieces of DNA that had been floating around in the past."




It's also difficult to link the organism with its function. Scientists can find molecular signals in soil that suggest what some microbes do in an ecosystem, but such data don't readily specify how fast the organisms grow, how they draw carbon and other nutrients into soils or how they spread through the environment.




Over the last decade, projects to map microbes, from bacteria and fungi in soils to viruses that inhabit the oceans, have begun to help researchers fill some of these gaps. Such baseline maps can help researchers document fluctuations in response to swings in temperature or storms in certain regions, Van Nuland says.




Van Nuland's project is creating an atlas of mycorrhizal fungi, which are in symbiotic relationships with a wide range of plants around the world, from crops such as corn, wheat and blueberries to common trees such as maple and pine. As temperatures rise, such fungi might adjust to the heat or shift their habitat to a more suitable location, even if the trees they exist in symbiosis with might not be able to follow, Van Nuland and colleagues reported in 2024 in the Proceedings of the National Academy of Sciences. Other fungi might persist in a stressed state, waiting for favorable conditions to return. Or they might simply die.




Fungi help most plants take in nutrients such as nitrogen and phosphorus and can provide a physical shield against pathogens. Losing such benefits could send destructive ripples through ecosystems. "It's not just understanding how climate change is affecting a single species," Van Nuland says. It's also "the network of interactions that these species have with other organisms in the environment that allow them to persist and thrive. We need to be taking that into account in order to understand how species respond to climate change."




Disrupted cycles




Warming is just one factor causing changes to microbial life. Other factors impacted by climate change, such as precipitation and pollution, can also have unpredictable ramifications.




Droughts, for instance, are becoming increasingly common. For the microbes occupying Zhou's experimental plots in Oklahoma's prairie landscape, a double punch of heat and drought is a push toward becoming more active and unleashing more carbon into the atmosphere, Zhou and colleagues report in a paper to appear in Nature Climate Change. But climate change can also lead to heavier, more unpredictable rainstorms. In wetter conditions, microbes seem to keep carbon in the soil, the team found.




Although impacts would probably vary dramatically across different ecosystems, the findings from Oklahoma suggest that carbon stocked away in soils might get released as droughts worsen around the world, the researchers say. Future warming might worsen as microbes' natural carbon cycling process gets disrupted. Drylands, which cover roughly 40 percent of Earth's surface, could be particularly vulnerable.




In Harvard Forest, Frey is interested in the dual influence of climate change and pollution. Like many forests across the northeastern United States, Harvard Forest's soil has historically been high in nitrogen from human-caused pollution such as car exhaust and power plant emissions (although atmospheric levels of nitrogen have improved over the last decade thanks to the Clean Air Act). But nitrogen is also essential for plant growth, allowing plants to make proteins and photosynthesize.




[image: A roped-off plot of soil with a sign in front of it that says "PLOT 4: Soil Warming x Nitrogen Addition Experiment." The experiment aims to understand how global warming and nitrogen pollution affect the activity of soil microbes.]One of the Harvard Forest experiments aims to understand how global warming and nitrogen pollution affect the activity of soil microbes.Adriana Romero Olivares





Unlike warmer temperatures, which cause microbes to work overtime and release more carbon into the atmosphere, extra nitrogen puts the brakes on microbes, slowing decomposition and keeping organic compounds in the soil. Frey thought that adding extra nitrogen to Harvard Forest's soils would follow this principle and slow microbes down, offsetting the carbon that they would otherwise be emitting because of the artificial heat.




Instead, soil carbon dioxide emissions were actually higher in plots treated with both heat and nitrogen compared with just one of those factors, she and colleagues reported in 2024 in Nature Ecology & Evolution. The total amount of carbon in the soil, however, remained roughly the same.




"There's been this concern that with warming we're going to lose carbon from the system, and that's going to deplete soil nutrients," Frey says. However, it's possible that warming soils and extra nutrients boost plant growth in a way that pulls in more carbon from the atmosphere. "In systems that are more nutrient-rich to begin with, that have plenty of nitrogen around, maybe that loss of carbon will be lessened."




Because her team's experimental plots are small, predicting what the findings might mean for the ecosystem's carbon balance writ large would require computational simulations, Frey says. At least for now, studies suggest that Harvard Forest is doing exactly what it is designed to do and is taking in more carbon than it is releasing.




Thawing permafrost




Much of the work to dissect the influence of climate change on microbes focuses on fungi and bacteria because they do much of the work of moving nutrients through ecosystems. But viruses may also play a role, working behind the scenes to make sure that everything runs smoothly -- or at least to their own advantage.




This dynamic is on display in the Arctic, a region warming almost four times as fast as other parts of the globe. To better understand the effect of climate change on viral communities, some researchers have turned to the permafrost -- a layer of soil that remains frozen from year to year. As it thaws, revived bacteria, fungi and other microbes come to life, decomposing dead plant matter and adding carbon dioxide and methane to the atmosphere. Newly awakened viruses can then prey on these microorganisms.




As viruses infect, and sometimes kill, their hosts, they affect what microbes are living in a system, says Akbar Adjie Pratama, a viral ecologist at the Friedrich Schiller University Jena in Germany and Ohio State University in Columbus. As with other dead organisms, the hosts that viruses kill release carbon and other nutrients that get cycled back into the ecosystem. But this additional carbon could burden an already carbon-rich atmosphere.




In 2024, Pratama and colleagues reported in Environmental Microbiology that, over a span of seven years, a viral community in permafrost in Sweden remained surprisingly stable. Some of those viruses carried genes that, if the soil were to thaw, could help degrade carbon in the ecosystem. A few may infect Methanoflorens archaea, a group of microbes that emit methane into the atmosphere. Understanding the viral controls that naturally keep gas-leaking microbes in check, the team wrote, could help researchers find ways to do it artificially.




Uncovering the impact of viruses on ecosystems around the globe requires pinpointing which organisms viruses infect in permafrost, water and soil, Pratama says. But it's a tough task. He and colleagues have so far managed to link only a small fraction of permafrost viruses with their microbial hosts, and even fewer in groundwater. "How can we make a meaningful conclusion on the role of viruses when we can only link like 1 percent?" Pratama says.




Change for the better




Understanding the roles that viruses and other microbes play in climate change -- both the organisms themselves and the processes they contribute to -- has the potential to identify allies that could help humans mitigate some of its effects.




For instance, viruses such as soil-dwelling phages that infect carbon- or nitrogen-emitting soil microbes could help curb greenhouse gas emissions, Pratama says. In places like the Netherlands, where the agricultural industry produces more nitrogen per hectare than most other countries in the European Union, adding such viruses to the soil could help cut down on nitrogen-fueled algal blooms that infiltrate waterways and degrade water quality.




Fungi could be collaborators, too. Planting trees to restore forests following a wildfire may have a better chance of succeeding if trees' fungal partners are also transplanted. "They are ecosystem engineers," Van Nuland says. "They work across kingdoms of life to get things done."




Beyond hypothetical uses, however, some scientists have already been applying what they know about microbes to aid stressed coral reefs during marine heat waves, which are coming on more frequently thanks to climate change.




Coral reefs host various algae that display a kaleidoscope of color and who in turn host myriad beneficial microbes. Heat waves push those algae to produce toxins that not only provoke corals to evict them -- which we see as color-drained or bleached corals -- but also kill off some of the good bacteria. In this environment, pathogens can start to grow. "An entire situation that is already bad is going to get worse," says marine ecologist Raquel Peixoto of King Abdullah University of Science and Technology in Thuwal, Saudi Arabia.




[image: Marine ecologist Raquel Peixoto, in scuba gear, applies probiotics to a coral underwater with a syringe.]Marine ecologist Raquel Peixoto applies a probiotic to coral during a heat wave in the Red Sea. Beneficial bacteria may protect heat-stressed coral from disease.Morgan Bennett-Smith





Peixoto has been experimenting with restoring healthy bacteria to bleached corals as a way to keep these marine animals alive. In 2021, she and her colleagues reported in Science Advances that using probiotics to restore the bacterial community was effective at protecting corals in an aquarium. The team has since tested their probiotic treatment in the wild. During a 2022 marine heat wave, treated corals were healthier than untreated organisms, the researchers reported last year in a paper posted to bioRxiv.org.




"We keep applying [the probiotic treatment] for the weeks where corals are in really bad shape," Peixoto says. Not only do corals benefit, but the microbiomes of fish, algae and sponges also improve. "We're seeing in the reef that that makes a difference," she says.




Such experiments with microbe-based solutions, however, are still few and small. Deploying such solutions to tackle climate change would require tremendously scaling up human attempts to engineer helpful microbes. And although it is clear that Earth's changing climate is altering microbes and their communities, the consequences remain murky. Regardless of what the future holds, what is certain is that microbes will play an essential part in what is to come.




"Microbes are shaping, and have been shaping, our planet, our atmosphere, for all of our existence," Peixoto says. Microbes as a whole are not going to go extinct. "They will evolve, they will be replaced, they will still be here," she says. But their role in keeping our planet functioning, "this is changing."
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	Are pig organs the future of transplantation?

	Every Living Creature shares hopeful view of xenotransplantation

			
				




Every Living Creature
Joschua D. Mezrich
The MIT Press, $29.95




Today, more than 100,000 people in the United States are waiting for an organ transplant. They're seeking kidneys, livers, hearts and lungs -- organs from human donors that could give these patients a second chance at life. But every year, nearly 5,000 people on the national transplant list die waiting.




There's a future, though, in which no one needs to wait -- when doctors have enough organs for every patient who needs one. These organs will come from genetically engineered pigs, and they could be even better than the ones we're born with: resistant to cancer and infection and able to tolerate extreme temperatures and pressures. In this future, drones might zip through the sky ferrying bespoke pig organs directly to surgeons waiting to plug them into patients' bodies. 
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"This may sound far-fetched and futuristic, but it really isn't," writes transplant surgeon Joshua Mezrich. His new book, Every Living Creature, chronicles the history of xenotransplantation, the practice of moving organs or tissues from one species into the body of another. If doctors can get it to work, xenotransplantation could one day help meet a critical need, increasing the number of organs available for transplant.




That's the case Mezrich makes, anyway. Amidst the rosy view of a xenotransplantation's future, he gets serious with the science. This is a book that plunges readers into the vast sea of transplant-related immunology. It offers crash courses in genetics and history and the ethics of using animals to grow organs for humans. It introduces a wide and revolving cast of characters in the field: surgeons and scientists, patients and funders. At times, the story can feel like a whirlwind, whisking readers across decades and from lab to lab and surgery to surgery. But at its core, Every Living Creature is a book about hope.




It's about doctors with the single-mindedness and perseverance to keep going when the idea of putting pig organs inside living humans seemed impossible. It's about patients who endure months and years of daily dialysis waiting for a kidney. It's about people who desperately need a new heart but are too sick to be put on the list and people whose organs are persistently problematic but not problematic enough to qualify for a new one.




This is also a story about the courageous people who volunteer for experimental surgeries. People like David Bennett, the 57-year-old Maryland man who received a pig heart in 2022. Or 58-year-old Lawrence Faucette, also from Maryland, who underwent a similar operation in 2023. These men were the first to have genetically engineered pig hearts transplanted into their bodies. Bennett survived for two months after the surgery, Faucette for nearly six weeks. Both patients who knew full well that their xenotransplants probably wouldn't extend their lives for the long-term. But they signed up anyway because they hoped doctors could learn enough from their cases to help future patients. Stories like these lend Mezrich's book emotional heft and root high-flying scientific aspirations to reality. 




Mezrich calls himself a "xeno-optimist," though he acknowledges that the field is prone to hype. Great leaps in the technology that are needed to successfully integrate a pig's organ into a human have been "just around the corner" for decades, he writes. But that doesn't mean science hasn't already made advances, or that the goalposts will always be just out of reach. 




Already, we've seen progress beyond what doctors achieved with Bennett and Faucette. For example, Tim Andrews was 66 when he received a genetically modified pig kidney in 2025. Andrews lived with the organ for nearly nine months before it failed, and he was able to get a human kidney when one became available in January. In his case, the pig organ helped serve as a bridge to human organ transplantation.




The path ahead is full of hurdles. Scientists need to improve genetically modified organs so the human body can better tolerate them. And biotech companies specializing in pig organs need to scale up their farming facilities. But Mezrich predicts more xenotransplants like Andrews' in the coming years. He envisions a day -- perhaps not too long from now -- when life-saving pig organ transplants have become the norm. "Welcome to the future," he says.









Buy Every Living Creature 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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	On moonshots and Minneapolis

	Who cares about going to the moon when the world is in chaos?
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	GLP-1 microdosers are chasing longevity

	Research hasn't yet caught up to the hype

			
				




More than 10 percent of U.S.
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	Halting irreversible changes to Antarctica depends on choices made today

	Antarctic Peninsula models show emissions levels will shape ice, seas and wildlife
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	This ancient pottery holds the earliest evidence of humans doing math

	Flower designs on 8,000-year-old pots show "mathematical knowledge," archaeologists say
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	A precise proton measurement helps put a core theory of physics to the test

	The standard model of particle physics is confirmed to a tenth of a billionth of a percent
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	AI tool AlphaGenome predicts how one typo can change a genetic story

	The model can predict changes in 11 biological activities across 1 million DNA letters
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	Fossilized vomit reveals 290-million-year-old predator's diet

	Regurgitated material contains the prey of a hunter that lived before the dinosaurs
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	Physicists dream up 'spacetime quasicrystals' that could underpin the universe

	Orderly structures that never repeat can exist in the melded space and time of Einstein's relativity
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	Food chains in Caribbean coral reefs are getting shorter

	Fish on modern coral reefs may face more competition for resources than 7,000 years ago
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	Earth's core may hide dozens of oceans of hydrogen

	Experiments suggest that Earth's core is up to 0.36 percent hydrogen by weight
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	The right sounds may turn sleep into a problem-solving tool

	Sound cues during lucid dreams helped sleepers solve puzzles the next
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	A bonobo's imaginary tea party suggests apes can play pretend

	Kanzi identified make-believe juice and grapes
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	A Greek star catalog from the dawn of astronomy, revealed

	A hidden astronomical catalog has been uncovered in a particle accelerator experiment

			
				




Surrounded by metal pipes and tangles of cables, two researchers point to bright orange squiggles on a computer screen.
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	Daily cups of caffeinated coffee or mugs of tea may lower dementia risk

	A long-term observational study tracked self-reported coffee and tea consumption
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	Seismometers can track falling space junk

	Earthquake sensors detect the effects of sonic booms as spacecraft enter Earth's atmosphere
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	Math puzzle: Fresh gridflowers

			
				




You're hosting a wedding at your home next summer, and the happy couple asked you to decorate the four gardens on the grounds with -- let me check my notes -- ah, fresh gridflowers. Gridflowers are planted in square plots. Each autumn, they cast seeds to all neighboring squares, including diagonals. The next spring, the old flowers are gone. A fresh flower will grow only in the spots that had exactly two neighboring flowers the year before (see examples below).
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	Science and armed conflict

			
				




Science has been intertwined with armed conflict for centuries. The Greek despot Dionysius the Elder of Syracuse is thought to have invented the catapult around 400 B.C., a technology upgrade that changed the course of battle through medieval times.





This article was downloaded by calibre from https://www.sciencenews.org/article/ed-note-april-2026



	Previous
	Articles
	Sections
	




feed_0/article_0/images/img1_u2.jpg





feed_0/article_0/images/img2_u1.jpg





feed_0/article_1/images/img5.jpg





feed_0/article_3/images/img1.jpg





feed_0/article_1/images/img3.jpg





feed_0/article_1/images/img4_u2.jpg





feed_0/article_1/images/img1_u1.jpg





feed_0/article_2/images/img5_u1.jpg





feed_0/article_1/images/img2.png
—_—

Martin
<= -

St. Kitts'
and Nevis i

Barbados
= e





cover.jpg
CROWD
CONTROL

» .
2_

Tear gas and pepper spray may

have lasting health impacts






feed_0/article_0/images/img4.jpg





feed_0/article_0/images/img3_u1.jpg





feed_0/article_2/images/img3_u2.jpg
PLOT 4

Soil Warming x
Nitrogen Addition

Experiment
h2 HEATED + ADDITION,

soi 3






feed_0/article_2/images/img4_u1.jpg





feed_0/article_2/images/img1.png





feed_0/article_2/images/img2.jpg





mastheadImage.jpg
Science News





