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Why pristine mountain lakes are suddenly turning green

High in the Rockies, researchers are discovering that wind-borne pollution and rising heat are fueling unprecedented algal blooms

By Cody Cottier edited by Eric Sullivan
[image: Sky Lake in Rocky Mountain National Park.]Sky Pond in Rocky Mountain National Park looks pristine. But rising temperatures and nitrogen fallout are altering its chemistry and threatening to cloud its waters.
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One sunny July morning, on a lake in Colorado's San Juan Mountains, two scientists skimmed a black inflatable raft back and forth across the water. Isabella Oleksy, an ecologist at the University of Colorado Boulder, and undergraduate Julia Pop were hunting for a string of sensors they'd left submerged underneath a buoy the previous summer. Those instruments held a year's worth of data on temperature and dissolved oxygen throughout the water column--clues to a puzzling change in the lake's color and clarity.
After half an hour, Pop yelled back to me, "It's too murky to see the buoy!" We'd spent a full day driving and another trekking eight steep miles with a team of pack mules and horses to our camp. After all that, the very problem they hoped to unravel now threatened their investigation. But just as they considered calling off the search, Pop spotted a block of orange foam suspended several feet underwater. They hauled up the buoy, with its dangling sensors, and paddled back to me on the rocky shore.
Once she was out of the raft, Oleksy, in waterproof pants and a hooded sun shirt, squinted at Turkey Creek Lake--"Murky Turkey," she called it. The opaque, pale-green water looked alien; normally, mountain lakes are so pure you can see through 20 feet of crystal blue water. Here, however, a dense algal bloom had reduced visibility to a depth of just four feet.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

At an elevation of 11,135 feet, in the state's largest federally designated wilderness, this degree of algal abundance would have been unthinkable not long ago. And the trend isn't limited to Colorado: algal blooms are clouding waters in the Andes, the Alps, the Himalayas and beyond.
In August 2019 Josh Kurz, a high school science teacher from Pagosa Springs, ran up to Turkey Creek Lake. That day the water shone as clear and blue as it had the first time he saw it, almost two decades earlier. But when he returned in 2021, the lake had transformed--through a haze of algae, Kurz could barely see below the surface. Something was wrong. "It's an alpine environment," he thought. "It shouldn't be turning green."
[image: Algae growth in Sky Lake in Rocky Mountain National Park.]In the Rocky Mountains, lakes famous for water so clear you can see 20 feet down are turning into opaque green soup. Fueled by nitrogen pollution and warming temperatures, algal blooms like the one seen here are choking alpine ecosystems.
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Kurz hoped the color was a one-off. But it recurred in 2022, and he sent photographs to the rangers with the regional U.S. Forest Service district. They, in turn, contacted Oleksy, who leads a long-term lake-monitoring program in Colorado's Rocky Mountain National Park. There, amid the craggy peaks outside Denver, she and her predecessors have documented a decades-long rise in algae.
Years of data collection helped them pin the blame on industrialization from the nearby metropolis, which began artificially fertilizing these mountains around 1950. But the San Juans lie nearly 200 miles to the southwest, far from metropolitan pollution sources. Why, Oleksy wondered, should they be suffering the same fate?

Algae feed largely on nitrogen and phosphorus. Both are common in oceans and low-elevation lakes, which often lie downstream of pollution sources such as farms or sewage outlets. They're supposed to be scarce in high-elevation terrain, but human activity is spreading these nutrients to far-off peaks at an unprecedented rate.
Last April, in an analysis of mountain lakes across the continental U.S., researchers reported that 25 percent were eutrophic, or nutrient-rich. Amalia Handler, an ecologist at FB Environmental Associates in Maine and lead author of the study, says this statistic reflects "substantial challenges" for mountain waters. It also mirrors a broader trend: in 2012, 57 percent of nearly 1,000 sampled lakes were eutrophic, but by 2022 the proportion had soared to 73 percent, according to the U.S. Environmental Protection Agency.
[image: A hand holds up algae samples.]To understand how the water is changing, ecologists filter water samples. The vial shown on the right holds murky fluid teeming with algae.
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Much of that nutrient load begins its journey elsewhere. Car exhaust releases nitrous oxides that can be converted into nitrate; nitrogen-bearing ammonia from agricultural fertilizer readily volatilizes, becoming airborne gas; wind-blown dust from eroded soil carries particulate phosphorus. Some of these molecules drift up into alpine zones, where they rain down on the once pristine lakes. Even trace amounts can have outsize effects. Biogeochemist John R. Vallentyne wrote in 1974's The Algal Bowl that, under the right circumstances, phosphorus "can theoretically generate 500 times its weight in living algae."
In other cases, the ingredients for algal blooms may lie dormant within a watershed, waiting to be awakened. Wildfires, burning millions of acres each year, free up the nitrogen in vegetation they consume, and meltwater from warming glaciers leaches phosphorus from freshly exposed minerals.
[image: A hand holding up algae samples.]The vivid green muck left behind on the filter paper is filamentous algae, confirming the lake is moving toward a nutrient-rich future.
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At Turkey Creek Lake, Oleksy discovered another curveball: the shore is ringed with skeletal spruce trees killed some 15 years ago by a bark beetle infestation. As those trees decomposed, they dumped the nitrogen and other organic chemicals stored in their tissues. Presumably, Oleksy says, the liberated nutrients drained into the lake.
This diversity of nutrient sources makes it difficult for scientists to discern large-scale patterns. But rising global temperatures tie together the variables--snow melts faster, lakes heat up quicker and stay warm longer--leading to the widespread upswing in algae. Climate change "is the one thing that all of these lakes have in common," Oleksy says.
As she and I paddled back out to collect more water samples, I saw that the water was laced with countless fine, pale filaments--strings of dead algal cells from a bloom we'd just missed. "If I saw this at Sky Pond," Oleksy said, referring to one of Rocky Mountain's most beloved lakes, "I'd be freaking out."
[image: Kate Gannon collects algae samples in Rocky Mountain National Park.]Katie Gannon filters water at Sky Pond. She uses these samples to distinguish organic matter produced from algae from material washing in from the surrounding landscape--a key step in understanding the shifting chemistry of alpine lakes.
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We anchored at Turkey Creek's deepest point, and Oleksy lowered a batonlike sensor through the water. On a screen readout, we watched as dissolved-oxygen levels dropped, plummeting almost to zero around 30 to 40 feet down. This decrease is a hallmark of high algal productivity: when algae die and sink, the decomposition process fuels chemical reactions that use up oxygen. Such anoxic conditions often kill fish, and they also can trigger a death spiral that renders a lake increasingly more likely to bloom again--in oxygen-depleted sediment, phosphorus that's normally bound to iron becomes unshackled, free to circulate and nourish the next generation of algae.
After hauling up the sensor, Oleksy grabbed a transparent plastic cylinder with hinged lids at either end. She dropped it into the lake, fed out some line as it sank, then sent a small metal weight hurtling down the line. A muffled thump told us the lids had clapped shut on impact, sealing in whatever secrets the water held.
At camp that evening, we regrouped. Katie Gannon, a graduate student, sat at the edge of a wildflower-spangled meadow, hand-pumping the water samples we'd collected from Murky Turkey through an hourglass-shaped filter. The relatively clear water from near the surface flowed steadily, but she could tell the turbid bottom water would require some elbow grease.
"That's just gross," Gannon said, pouring some into the filter. It looked rusty--iron gets released from lake-bed sediment under anoxic conditions--and stained the filter paper deep yellow. The smell of sulfur, another indicator of anoxia, filled the air. These were indirect signs of a bloom, but the researchers wanted the algae. The evidence wasn't hard to find: the filter soon became so clogged with algal cells it could pass only a few droplets per minute, and Gannon took mercy on her cramping hands. Later, back at the lab, Oleksy's team would test the filter paper for chlorophyll a, the green pigment photosynthesizers use to absorb sunlight. Unsurprisingly, the results would place Turkey Creek Lake squarely in the eutrophic category.
[image: Lab Manager Charlie Dougherty and Postdoctoral research fellow Mary Jade Farruggia paddle on Sky Lake.]Lab manager Charlie Dougherty and researcher Mary Jade Farruggia paddle across Sky Pond. Their sampling adds to a dataset amassed over decades, showing algal biomass here has doubled since 1950.
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The question then becomes how great a departure this is from the norm. Those samples offer only a snapshot of the lake; they don't place its present troubles in historical context. But chlorophyll a can illuminate the past, too. When dying algae settle, they become entombed in the lake-bed sediment, and their pigments are preserved as a record of algal biomass, alongside chemical signatures representing the climate of years past. By matching the chlorophyll layers in sediment cores to their corresponding chemical signatures, scientists can piece together the timeline and conditions under which algae have thrived.
In the summer of 2024 Oleksy's team collected sediment cores from Turkey Creek Lake. They haven't yet assigned dates to individual chlorophyll a layers, but the overall trend is clear: moving from the bottom of the sediment to the top, pigment abundance rises, indicating higher algal productivity over time.
Researchers have found the same trend elsewhere. In sediment cores from Sky Pond and the Loch, another popular lake in Rocky Mountain National Park, Oleksy and her colleagues discovered that algal biomass more than doubled over the past 70 years, in lockstep with regional pollution and climate change. In the Uinta Mountains of northeastern Utah, Katrina Eyvindson, an associate professor at Western University in Canada, has used sediment cores to reconstruct the history of some 20 lakes. Taken together, they attest to a recent, unprecedented surge in both airborne nutrients and chlorophyll a. "Almost all of them say the same story," Eyvindson says. "We're in a unique situation."
[image: A water collection testing device.]This cylinder snaps shut to trap water at specific depths. Although this sample from Sky Pond looks transparent--a sharp contrast to Turkey Creek Lake--it holds invisible chemical clues. Analysis will reveal how nitrogen and a warming planet are slowly altering even the clearest alpine lakes.

Matt Nager



Sediment-core analysis has also revealed turnover in the cast of characters. Mountain lakes are typically dominated by cold-loving diatoms, a kind of algae whose high fatty-acid content makes for easily digestible fish food. But diatoms are giving way to less nutritious green algae, a trend that could ripple unpredictably across alpine food webs.
Food-web impacts are one concern, but mountain lake researchers fear an even greater threat: cyanobacteria, which produce toxins that can poison wildlife, contaminate drinking water and close off lakes to recreation. So far they remain rare in mountain lakes, largely because they are adapted to warmer water. But climate change may be pushing the alpine thermostat toward cyanobacteria's preferred setting, giving them a foothold in high-elevation ecosystems. "They can be there in low numbers," Oleksy says, "waiting in the wings until they have a competitive advantage."
That, it turns out, is exactly what happened at Turkey Creek Lake. Back in the laboratory, Pop and diatom expert Sarah Spaulding, a research associate at the University of Colorado Boulder, identified the filaments we'd seen as a species of toxin-producing cyanobacteria in the genus Dolichospermum. Like other cyanobacteria, Dolichospermum doesn't always produce toxins, and it's difficult to forecast when it will. The researchers' samples tested negative for two common toxins. But they weren't able to test for a potent neurotoxin called anatoxin--also known by the alarming alias Very Fast Death Factor--because Oleksy simply didn't think to bring the necessary preservative. "The ecosystems I work in don't historically have toxic algae," she says.
[image: Grid of eight different algae.]Thriving in nutrient-rich water, microscopic algae form abstract, ethereal filaments. They create the blooms that are slowly reshaping the character of the Rocky Mountain high country.
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Toxins in mountain lakes could threaten those who live and recreate there. People generally assume such lakes are unpolluted, yet these waters could become toxic without any obvious warning sign. Public safety could depend on consistent monitoring, but most mountain lakes--by one count, there are more than 12,000 in the contiguous U.S.--are too inaccessible for routine visits.
Monitoring via remote sensing also comes with challenges. Mountains often cloud up when satellites pass overhead, and many lakes are too small for their color changes to register in images taken from space. The Cyanobacteria Assessment Network, a collaboration between several government agencies to detect and provide early warning for toxic blooms, relies on the Sentinel-3 satellite system. Its pixels measure roughly 980 feet on each side, the area of more than a dozen football fields--ideal for the ocean and other expansive water bodies but not for the average tarn. It captures only the largest of small mountain lakes, Handler says. Inevitably, some blooms go undetected.
On our hike into the San Juans, we had encountered only one person: a fit man in his late 40s named Mat deGraaf. He introduced himself, serendipitously, as an employee of the Pagosa Area Water and Sanitation District, which serves southwestern Colorado's Archuleta County. He seemed surprised to hear that part of the water supply he stewards had become infected at the source.
"Is it pretty bad?" he asked Gannon. "It's getting worse," she said.
[image: Water pooling next to Sky Lake in Rocky Mountain National Park.]Even Sky Pond is under threat.
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When I called deGraaf later, he clarified that, from a water-treatment perspective, it makes little difference where in the hydrological chain algal blooms occur. The district monitors its reservoirs for algae, adding copper sulfate as needed to neutralize blooms. More algae means more tax dollars spent on treatment, but mainly, as a fisher and environmentalist, deGraaf lamented the degradation of headwaters for less tangible reasons. "That's the nectar of the gods," he said wistfully.
Henry David Thoreau wrote that a lake is "Earth's eye." If Turkey Creek Lake is the eye, Earth appears to have something like jaundice. But on our last morning in the backcountry, I hiked to Upper Fourmile Lake. Perched higher in the watershed at about 11,800 feet, just below the tree line, it was translucent, shading into midnight blue as the rocky shore sloped away. It looked much as it likely would have centuries ago. Geographically, all that separates it from Turkey Creek Lake is a mile of alpine tundra and 665 feet of added elevation. But ecologically, they have grown worlds apart.
The two lakes seem to offer alternative visions of the future: Upper Fourmile is holding on to the past, while Turkey Creek is showing us what comes next.

Cody Cottier is a freelance journalist based in Fort Collins, Colo, who frequently covers evolution and the environment.




This article was downloaded by calibre from https://www.scientificamerican.com/article/scientists-reveal-why-rocky-mountain-lakes-are-turning-green
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The kids are all right

Surprising studies show young people are doing better than previous generations in many ways

By Melinda Wenner Moyer edited by Clara Moskowitz
[image: Kid playing on a smartphone.] Arthur Dries/Getty Images



It was December 2025, and Katie Tobin's kids were fighting again. This time it was because her six-year-old, Tori, wasn't sharing toys with her little sister, Sunny. Sunny retaliated as three-year-olds often do; she hit Tori in a fit of anger. Then, of course, Tori started crying.
Tobin handled the situation as she always does: by validating her kids' feelings, helping them see each other's perspectives and emphasizing limits. She brought Sunny onto her lap and explained that she knew Sunny was frustrated but that it wasn't okay to hit because hitting hurts. She also tried to help Tori understand why Sunny had hit her.
Ten minutes later Sunny calmly walked up to her big sister. "I'm sorry I hit you," she said. "It's okay," Tori replied. "Just don't do it again."

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

If you were to ask most people how kids are doing these days, you'd probably get an earful of complaints and concerns. Compared with children from past generations, kids today are often portrayed as being less mentally healthy, less resilient and less empathetic. "America's Children Are Unwell," read a New York Times headline last November; online magazine Parents recently ran "How to Know if Your Kid Is a Narcissist--and What to Do about It." In a 2025 Common Sense Media survey of 1,300 nationally representative parents, 61 percent said they believe kids today lag behind past generations in their morals and values, and more than half said youth today are less resilient and independent.
Although quality data are sparse, the research that does exist suggests a different narrative--one in which kids are faring better in many ways than those of previous generations. Studies suggest youths are more empathetic and less narcissistic than in the past, as well as more open-minded and inclusive. Drug use is down, youth violence has dropped and teen pregnancies have declined. IQs have gone up, and kids exhibit more self-restraint and patience than they did 50 years ago. "There are a number of trends that are in a positive direction," says Kristin Moore, a senior scholar at Child Trends, a nonprofit research organization focused on child and family well-being.
One big question is why. Many factors are probably at play, but thoughtful, emotions-focused parenting--reflected in the kinds of conversations that regularly occur in the Tobin household--could be an important driver, experts say. Another big question is why negative narratives about "kids these days" are so popular even when they're wrong. Here research points to evolutionary biology and cognitive biases that distort our memories and our perceptions of others.

In 2011 Sara Konrath, a social psychologist at Indiana University Indianapolis, and her colleagues analyzed changes in empathy--concern for others and the ability to take their perspectives--among nearly 14,000 college students from 1979 to 2009. They found that empathy had sharply declined across the 30-year period. Their paper led to a flurry of articles, including in this magazine, lamenting the loss of empathy among youths.
Then, in 2025, Konrath and her colleagues updated their analysis to look at empathy trends through 2018. They were excited to discover that 2007 was actually the low-water point for empathy--levels dipped to their lowest that year but then shot back up. A decade later empathy in young people was higher than it had been at any other time over the previous 39 years.
This new, more positive discovery didn't get nearly as much media coverage as the one published in 2011, which Konrath found frustrating. "I have to say that I've noticed good news is not as popular as bad news," she says. Recent science supports her assertion: a 2025 study found that negative and alarming articles about children are more likely to go viral than nuanced and balanced stories.
Konrath has looked into trends in narcissism, a personality trait that involves an inflated sense of self-esteem, and that work also reflects well on youths today. A 2021 study she published with San Diego State University psychologist Jean Twenge and others found that narcissism among U.S. college students increased from 1982 to 2009--then started declining and continued to do so through 2016.
Kids today are highly interested in helping others, too. In work presented at the 2023 conference of the European Research Network on Philanthropy, Konrath and her colleagues surveyed nearly 700 adolescents and found that 73 percent had volunteered or given to charities. "Fixating on that negative story you see in the headlines isn't really representing the reality of young people," Konrath says.
In addition to their interest in helping people, youths today also appear to be more accepting of others and their differences. Some research suggests that youths are becoming more open-minded and inclusive across various realms.
Studies suggest youths today are more empathetic and less narcissistic, as well as more open-minded.

Although there's no question that racism and homophobia remain persistent problems, a 2019 study analyzed more than four million tests of implicit and explicit attitudes administered to people in the U.S. between 2007 and 2016 and found substantial declines in anti-gay and racial bias, especially among young people. A 2024 study found that homophobic beliefs and attitudes have been dropping among adolescent boys in Canada, and in another study, researchers in Turkey found that Generations Y and Z hold more egalitarian views about gender and are more likely to reject violence against women compared with Gen Xers. "I frequently hear from parents how shocked they are by their children's complete comfort with the spectrum of sexuality and gender identity, and I think there's a contrast with how we grew up," says Emily Edlynn, a clinical psychologist in Illinois who has been practicing for 20 years.
Kids' IQs seem to be increasing, too, and their emotional-regulation skills--their ability to handle and process emotions and practice self-restraint--are improving. In 1970 Stanford University psychologists Walter Mischel and Ebbe B. Ebbesen conducted the first iterations of the famed Marshmallow Test, a classic but controversial assessment of self-restraint and patience. In these tests, children are offered the option of immediately eating one treat placed in front of them or waiting an indeterminate amount of time to get two treats. The self-control and delayed-gratification skills associated with waiting have been linked, if inconsistently, with beneficial outcomes throughout life, including wealth, improved health, and less substance use and criminality.
Scientists have conducted various versions of the Marshmallow Test with children since 1970, and in 2020 John Protzko, a psychologist now at Central Connecticut State University, analyzed the results of 30 such studies. He found that over the past 50 years, delayed-gratification skills in children younger than 10 had improved. Whereas kids of yore could wait about three minutes for a second treat, kids in 2018 could wait more than eight minutes.
Protzko's findings run counter to popular narratives that kids today have less patience and shorter attention spans than previous generations. We have views of the past that "don't match reality," he says. Today's kids may be able to exhibit greater self-restraint in part because of better emotional-regulation skills. When kids can manage their feelings in healthy ways, they're less likely to act impulsively or cope by turning to drug use or violence.
Although little research has tracked children's broad emotional-regulation skills over the years, there are reasons to think they are improving. Bullying incidents among kids have gone down, and rates of serious violent adolescent crimes have dropped. Drug use among teens has also been steadily decreasing. In 1997, 50 percent of U.S. 12th graders had reported ever using marijuana, 82 percent had reported ever drinking alcohol, and 30 percent had reported ever using illicit drugs such as cocaine, heroin, meth, inhalants or hallucinogens. In 2022, however, only 38 percent of high school seniors reported using marijuana, and 62 percent said they had drunk alcohol. A mere 13 percent said they had ever used other illicit drugs.

What's driving these positive shifts? Researchers suspect changes in educational approaches and parenting styles are involved.
In 2000 the National Research Council and the Institute of Medicine (now named the National Academy of Medicine) published a landmark report, From Neurons to Neighborhoods, that synthesized research in social science and neuroscience to explain what was known about children's development of crucial skills and how these skills related to future outcomes.
Among other things, the authors of the report argued that parents, schools and childcare centers need to prioritize kids' social and emotional development because these "soft" skills are at least as important for future outcomes as "hard" academic skills such as literacy and numeracy. "No one would refute the fact that experiences a child has in their environment--home, school, and so on--will shape their development in positive ways and also negative," says Catherine Tamis-LeMonda, an applied psychologist at the New York University Steinhardt School of Culture, Education and Human Development.
[image: Chart shows college student empathy and perspective scores over time. Both dropped in the 2005-2007 interval. But scores then climbed back up up through 2018.]Jen Christiansen; Source: "Empathy Trends in American Youth between 1979 and 2018: An Update," by Sara Konrath et al, in Social Psychological and Personality Science, Vol. 16; December 28, 2023 (data)



After the report was published, some childcare centers and schools began to focus more on kids' social and emotional development, as well as on how students were treated by adult staff and how students treated each other, Moore says. Many schools have adopted dedicated social and emotional learning curricula to support the development of empathy, emotional regulation, inclusivity, and other related skills. During the 2023-2024 school year, 83 percent of U.S. K-12 principals reported that their schools used a social and emotional learning curriculum. That number marks a steady increase from 76 percent in the 2021-2022 school year and 46 percent in the 2017-2018 school year.
Parenting styles have also shifted in ways that could be fostering positive skills. "There is much greater awareness of the value and importance of parenting, so I think parents are putting much more thought into how they want to parent and how they want to raise their children," says Christopher Mehus, a prevention scientist who studies parenting at the University of Minnesota.
Tobin, for one, has made a more concerted effort to talk about feelings with her daughters than her parents did with her and her siblings. "We were raised in a very 'no negative feelings allowed' household," Tobin explains. She has also made a conscious choice to teach her kids through conversations rather than punishment, an approach her own parents don't always agree with. "My parents are always like, 'Punish, punish, punish,'" she says.
It's hard to quantify how parenting styles have changed over the years, but Mehus and Megan E. Patrick of the University of Michigan found that spanking became much less common from 1993 to 2017; reported rates of child abuse and neglect have also been on the decline. Research conducted in Sweden suggests that parents today are less controlling and harsh, that they treat their children with more respect and that they tolerate their children's feelings more than parents did in the past.
One important skill these shifts may be nurturing is emotional literacy. "Over the past 15 years of clinical work with young people and their families, I have definitely noticed that many kids come in with a richer emotional vocabulary than kids I saw earlier in my career," says Tracy A. Prout, a clinical psychologist based in New York State. "They're often better able to name feelings, talk about mental health, and recognize concepts like anxiety, overwhelm or burnout."
This greater comfort with emotions may be helping to destigmatize mental illness, leading more youths to ask for help. "Because of that normalization and openness, kids and teenagers are more likely to say, 'Yeah, I'm feeling badly,' whether it's sadness, anxiety, loneliness," Edlynn says. This destigmatization may be fueling some of the rise in mental health diagnoses seen among young people today; in other words, some of the growth in the number of cases may simply be the result of better detection, Edlynn explains.
On the less helpful side, though, this destigmatization may also be causing some kids and parents to think negative feelings are mental health problems. Difficult feelings are often totally appropriate, Edlynn says, and not a sign of a disorder. Prout agrees, noting that even when kids are highly emotionally literate, they still sometimes struggle to cope. "There are still challenges in accessing effective regulation skills," Prout says. Overprotective parents may worsen the problem, preventing kids from having healthy but challenging experiences in childhood that help them shore up their coping skills. Studies have found that college students raised by overprotective parents are more likely to experience symptoms of depression, drink alcohol and take pain pills recreationally.
But warmer, more empathetic parenting could help explain why kids are becoming more empathetic themselves. In a 2024 study, researchers at the University of Virginia invited 184 13-year-olds and their parents into a laboratory and observed how empathetic the teens' mothers were when their kids asked for help. Every year after that, until the children were 19, the researchers also observed how empathetic those teens were with their closest friend. They found that the more empathetic the mothers were with their teens, the more empathy those teens showed for their friends throughout adolescence. The study suggests that empathy can be passed down from parents to children through warm everyday interactions.
Many parents are having more open conversations with their children about various kinds of diversity, which could help explain why kids are becoming more inclusive. Jennifer Pearlstein, a psychologist at Washington University in St. Louis, talks openly about her disability with her two-year-old daughter--a sharp contrast to her parents, who always avoided mentioning it.
One problem is that cognitive biases often make us think kids today are faring worse than kids in the past.

"Even though everyone knew that I was blind, it wasn't a common thing that we would discuss," Pearlstein recalls of her childhood. But around her daughter, Pearlstein is open about her limitations and needs because she wants to help normalize body diversity and differences in ability. "She's like, 'Yeah, Mama no see'--that feels really powerful, that it's something that's accepted and discussed and that there's no shame in it. It's just, 'This is how bodies are.'"
Other broad societal changes could be shaping some skill shifts, too, Protzko says. Increases in IQ and self-restraint, for instance, may be driven in part by environmental changes that demand more from people. "You put young children with these very malleable brains into a more complicated society, and they sort of grow into it," he explains. Certain skills may also be improving because children today are less commonly exposed to harmful environmental toxins such as lead.
What about the role of social media? Although perceptions of social media are overwhelmingly negative, researchers have found associations between its use and children's well-being to be quite nuanced. In a study published online in January that followed more than 100,000 adolescents for three years, researchers concluded that the relation between well-being and social media use is "complex and nonlinear." Studies have also found that kids who spend more time on social media become more empathetic over time, not less, and that teens who use social media more spend more time with their friends offline, too.
There is, of course, no question that social media can pose risks--but Edlynn and Konrath note that technology may be helping kids connect with others, find support, and learn about world issues in ways that make them more involved in philanthropy and activism. It "can make them more thoughtful, conscious citizens," Edlynn says.
Given that there's a decent amount of good news about kids, why is the cultural narrative so negative?
One problem is that cognitive biases often make us think kids today are faring worse than kids in the past. In a series of experiments published in 2019, Protzko and Jonathan Schooler, a psychologist at the University of California, Santa Barbara, found that intelligent adults (those who did well on a vocabulary test) think youths today are less smart than kids used to be, and well-read people (based on an author-recognition test) believe kids today enjoy reading less than kids did in the past. Yet data don't bear out these ideas. These misperceptions, the researchers found, are driven by people's tendency to notice the limitations of others in areas in which they excel combined with a memory bias that causes them to project their own abilities onto entire past generations. "No reality can match an artificially elevated view of the past," Protzko explains.
Protzko's work suggests that our perceptions of social media may also be shaped by our memories and biases. For generations, adults have worried about the societal harms posed by new technologies, including the printing press, radio and television--and the less familiar people are with a new technology, the scarier it seems, he has found. "We have a gut intuition to be scared of societal changes or technologies we didn't grow up with," Protzko says.
We are also biologically hardwired to focus on negatives, Konrath adds. Evolutionary ancestors who paid more attention to potential harms might have been more likely to survive than more oblivious ancestors, thereby passing on this propensity. Noticing danger "was essential for our biology and survival, at least in very difficult settings," Konrath says. But in our modern world, "it's not as functional for us to be so focused on all the negatives."
Researchers and governments are sometimes too concerned with the negatives, too, Moore says. "The U.S. has historically measured all the bad things, and it's been kind of hit-and-miss to have data on these good constructs," Moore says. Scientists and officials tend to care more about violence, say, than about empathy. And because it's hard to get people to fill out long surveys, questions that tease out the less critical information often get cut, she explains.
For these reasons, we urgently need more and better research on how traits and skills are shifting among youths and how different types of environments and interventions--school programs, cultural shifts and parenting approaches--shape kids' development.
For now many parents, including Tobin, are winging it based on a combination of what feels right and what they've heard might make a difference. "I don't know yet whether my children are going to be monsters as adults," Tobin says. But there's reason to hope that today's kids are going to be just fine.
Discussions

We're looking to host the most interesting science conversations on the web for this topic.




Melinda Wenner Moyer, a contributing editor at Scientific American, is author of Hello, Cruel World! Science-Based Strategies for Raising Terrific Kids in Terrifying Times (G. P. Putnam's Sons, 2025).
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Galaxies without dark matter mystify astronomers

Bizarre objects that seem to lack all dark matter present a cosmic mystery

By Maria Luisa Buzzo edited by Clara Moskowitz
[image: Conceptual illustration: split view of a spiral galaxy and a dark matter-less galaxy.] Chad Hagen (illustration); NASA, ESA, STScI, Zili Shen, Pieter van Dokkum/Yale University; Shany Danieli/IAS; Image processing: Alyssa Pagan/STScI (background)



The first time I heard about galaxies without dark matter, I was sitting in my very first graduate class at the University of Sao Paulo. It was 2018, and the discovery had just been announced. A team had found a small, strange galaxy that appeared to lack dark matter, the invisible material that was thought to make up most of the matter in the universe and considered essential to the formation, evolution and stability of galaxies. The find was big enough that it made it to Brazilian television.
Our professor used the news to open the semester. It sparked months of discussions. Dwarf galaxies--smaller, puffier conglomerations of stars than spiral galaxies such as the Milky Way--were long thought to be dominated by dark matter. Could they actually form and survive without it? Was the result real, or could it reflect flawed assumptions or uncertainties? Were we witnessing a problem in our models of galaxy formation?
Again and again we returned to a deceptively simple but surprisingly hard question: What defines a galaxy? It turns out there's no single answer. For example, in 2011 two astronomers, Duncan Forbes of Swinburne University in Australia and Pavel Kroupa of the University of Bonn in Germany, conducted a survey called What Is a Galaxy? Their results highlighted just how varied the definition can be, even among experts. Most astronomers agree on these basics: galaxies are massive, gravitationally bound systems of stars, gas and dust, with an important but poorly understood complement of dark matter. The provocative discovery of a galaxy that apparently lacked this invisible stuff called that definition into question.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

No one knows what dark matter is made of, but astronomers are fairly sure it's real, and it's ubiquitous. We see evidence for it everywhere--from the large-scale structure of the cosmos to the movements of galaxy clusters and the orbits of stars. Dark matter is what seems to hold most galaxies together--without it their stars would fly out of formation. The idea of a galaxy without it challenges everything we know about how these stellar systems are born.

To understand why these discoveries are so puzzling, we need to go back to 2015, when astronomers began finding large numbers of what are called ultradiffuse galaxies. The Dragonfly Telephoto Array in New Mexico uncovered hundreds of them in the Coma Cluster, a collection of galaxies 300 million light-years away.
Ultradiffuse galaxies are a kind of dwarf galaxy, but they appear much larger on the sky than typical dwarfs. One way we measure galaxies is through a metric called the half-light radius--the radius of an imagined circle around a galaxy's center that encloses half its total light.
Ultradiffuse galaxies often have large half-light radii similar to those of much more massive galaxies, but they house just a small fraction of the number of stars found in larger systems. As a result, they are faint, spread out and incredibly hard to detect--they look like smudges in the sky. Their ghostly appearance and presence in high-density environments such as galaxy clusters surprised astronomers and opened a new chapter in the study of galaxy formation.
Ultradiffuse galaxies were long assumed to be cocooned in huge halos of dark matter. The reasoning was simple: How can such loose, fragile objects hold together in environments as harsh as galaxy clusters without being torn apart almost instantly by their neighbors' gravitational pull? They must be protected by something we can't see: dark matter.
This idea was reinforced by the fact that these galaxies seem to host large numbers of globular clusters--compact, ancient bundles of stars. Globular clusters usually arise during intense episodes of star formation, when many baby stars are being born, as was the case in the early universe. The number of globular clusters orbiting a galaxy is tightly linked to the galaxy's total mass, including its dark matter. The higher the mass of a galaxy, the more it can seed the kind of early, intense star formation that creates globular clusters. Because ultradiffuse galaxies have many globular clusters but very few stars, researchers concluded they must be extremely massive but composed mostly of something we can't see. All signs pointed to their being heavily dominated by dark matter.
[image: View of NGC 1052-DF2-- an ultra-diffuse galaxy--from Hubble.]The ultradiffuse galaxy NGC 1052-DF2, discovered in 2018, was the first known galaxy that seemed to completely lack dark matter. The finding called galaxy formation models into question.

NASA, ESA, STScI, Zili Shen (Yale), Pieter van Dokkum (Yale), Shany Danieli (IAS); Image Processing: Alyssa Pagan (STScI)



But that assumption was upended in 2018, when Pieter van Dokkum and Shany Danieli, both then at Yale University, and their collaborators shared the finding that dominated discussion during my first semester of graduate school--that the ultradiffuse galaxy NGC 1052-DF2 (or simply DF2) seemed to lack dark matter. This galaxy had a very unusual system of globular clusters: all of them were much brighter than those found in typical galaxies. Using measurements of the velocity of DF2's stars and globular clusters, the team concluded that the galaxy's total mass was roughly equal to the mass of its visible matter. There was no evidence of an invisible halo holding the system together.
The reason astronomers measure the velocities of stars and globular clusters to estimate a galaxy's mass comes down to gravity. Just as the speed of planets orbiting the sun tells us how massive the sun is, the motion of stars around a galaxy reveals the total gravitational pull acting on them. The faster they move, the more mass must be present. If the measured velocities are higher than the visible stars alone can explain, we infer that unseen mass (dark matter) is providing the extra gravity. But if the velocities are low and match what stars alone account for, there may be little or no dark matter.

Not everyone accepted the conclusion that DF2 was free of dark matter. One of the main points of debate was its distance from Earth. Some researchers suggested the galaxy could be closer than initially estimated, which would decrease calculated values for its size and total mass and bring back the need for dark matter to explain its dynamics. Because a galaxy's mass is determined by both the velocity of its stars and its physical size, which we calculate based on how far away it appears to be, this was a crucial question. In response, van Dokkum's team led one of the largest observational surveys of a single object with the Hubble Space Telescope, dedicating 42 of the observatory's orbits (approximately 66 hours) to refining the distance measurement. The results confirmed that the original distance measurement was correct, reinforcing the idea that DF2 lacked dark matter.
Still, other groups continued to propose alternative interpretations, including new methods for estimating the galaxy's distance. The debate intensified when van Dokkum's team announced that a second galaxy near DF2--this one called DF4--had similarly slow-moving stars that again suggested a dearth of dark matter. The astronomers doubted their own finding at first. How likely was it that two galaxies, close together in the sky, would both be missing dark matter? But after about 48 hours of sleepless observation runs, van Dokkum says, he sent a simple message to Danieli with one character: the number 7. That was what he'd calculated as the velocity dispersion of the clusters--a measure of how much their speeds varied. It was so low that it immediately indicated DF4, like DF2, had little or no dark matter. By then, the idea that galaxies could exist without dark matter had gone from speculation to a serious yet controversial line of research.
In our current understanding, galaxy-formation models do allow for systems without dark matter, but they are typically large, rare objects such as relic galaxies--unusual, half-built galaxies left over from the early universe. For dwarf galaxies such as DF2, DF4, and most ultradiffuse objects, the expectation is the opposite. Because they have low masses, they tend to form fewer stars and are thought to be heavily dominated by dark matter.
The only type of dwarf galaxy predicted to form without dark matter is the tidal dwarf, a star system born from the debris of larger galaxies after collisions or close encounters. Tidal dwarfs, however, are typically young and not expected to host globular clusters. They're usually just star-forming clumps pulled from much older parent galaxies. DF2 and DF4, in contrast, are old and surrounded by large populations of some of the most massive and luminous globular clusters ever observed. These galaxies were not tidal dwarfs. They were something entirely new, unanticipated by any current formation model.
How did they get that way? One hypothesis suggested that over time gravitational forces might have pulled dark matter away from the galaxies, a process known as tidal stripping. But their stars and globular cluster systems didn't match what we'd expect from that scenario, either. As of 2019, no single theory or simulation could fully account for all of their observed properties.
Then, in 2019, Johns Hopkins University astrophysicist Joseph Silk proposed the "bullet dwarf scenario" to explain DF2. His models showed that a high-speed collision between two dwarf galaxies at just the right angle could separate visible and dark matter; the impact would also create intense pressure that could trigger the formation of unusually bright globular clusters. The model was inspired by a much larger and well-known group of galaxies called the Bullet Cluster.
The Bullet Cluster is one of the most striking pieces of observational evidence for dark matter. By comparing x-ray maps (which trace hot gas) with maps of gravity based on how light curves as it passes through the region (which charts total mass), astronomers showed that dark matter and visible matter in the cluster were separated. They didn't overlap. The most likely explanation is that after two smaller clusters collided, the dark matter sped through, but the stars and gas became intertwined, causing the visible matter to lag behind.
[image: Bullet cluster.]This Bullet Cluster image, made with data from the James Webb Space Telescope and the Chandra X-ray Observatory, shows dark matter (maps gravitationally in blue) separating from normal matter (pink). A similar process could help explain why some galaxies lack dark matter.

NASA, ESA, CSA, STScI, CXC; Science: James Jee (Yonsei University, UC Davis), Sangjun Cha (Yonsei University), Kyle Finner (Caltech/IPAC)



The bullet dwarf hypothesis proposes a miniature version of this same scenario. Two dwarf galaxies collided, and the dark matter passed through untouched. Gas, however, collided and produced shock waves, triggering starbursts and the formation of massive globular clusters. New galaxies emerged, rich in stars but devoid of dark matter.
If this picture is correct, these systems are more than exotic oddities. They are laboratories for testing the fundamental nature of dark matter itself. The fact that the dark matter appears to have passed through the collision without interacting, while the gas collided and shocked, places constraints on how strongly dark matter particles can interact with one another. In other words, dwarf galaxies without dark matter may help rule out certain particle models and refine our theories of how galaxies assemble.
Van Dokkum and his collaborators then extended this idea beyond DF2. They proposed that that galaxy, DF4 and potentially an entire series of other galaxies were all born from the same ancient collision in the NGC 1052 group. Because the progenitor galaxies weren't destroyed, they kept moving, leaving behind a trail of new galaxies formed from their stripped gas. These galaxies, lacking dark matter but rich in stars and globular clusters, now trace a linear path across the group. Depending on how the material spread out, some galaxies in the trail might have more or fewer globular clusters, but they would all share the same basic properties. The number of galaxies formed in such an event depends on how much gas was available and how the material got dispersed. In the case of the NGC 1052 group, this process might have produced as many as seven to 11 galaxies.
Until recently, this idea had been proposed only for galaxies in the NGC 1052 group, suggesting they were the result of a rare fluke. Yet the researchers proposing this hypothesis estimated that this kind of event could happen approximately eight times in every 65 million square light-years. There should be plenty of these galaxies, but no other confirmed cases had been found until this year.

This is where my work enters the picture. My colleagues and I wanted to search for similar objects in other places to find out whether dark matter-deficient galaxies were rare one-offs or part of a broader class. That led us to FCC 224, a galaxy on the outskirts of the Fornax Cluster, about 60 million light-years away. This object was first identified in 2020, and scientists were immediately intrigued by the brightness of its globular clusters, which was similar to that in DF2 and DF4.
We approached the galaxy in three ways. First we proposed observing it with the Hubble Space Telescope, which, with its high resolution, would enable us to study the globular clusters in detail. We also applied for time at two of the largest ground-based telescopes: the Keck Observatory in Hawaii and the Very Large Telescope (VLT) in Chile. Each facility had its advantages. The Keck Cosmic Web Imager offered high resolution but a small field of view, whereas the Multi Unit Spectroscopic Explorer instrument at the VLT covered more area but with lower resolution. In the end, we were granted all three. Hubble data confirmed the overly bright nature of the globular clusters in a study led by University of California, Santa Cruz, Ph.D. student Yimeng Tang. We then used the Keck data to study the stars and measure their velocities, confirming the lack of dark matter. The VLT data came later, which we're still analyzing.
The idea that some galaxies might form without dark matter contradicts one of our most fundamental assumptions.

These rich datasets revealed that FCC 224 shares many properties with DF2 and DF4 beyond the lack of dark matter. These shared traits also produced something like a recipe for finding more galaxies without dark matter. All three known examples have bright and numerous globular cluster systems, all host old stars, and all have stars of the same age as the globular clusters. This last point is especially unusual. Globular clusters are typically much older than the general population of stars in the host galaxy. But these three galaxies seem to have formed their stars and globular clusters at the same time and from the same material.
If FCC 224 formed in the same bullet dwarf trail scenario as the two other galaxies, there might also be a stream of galaxies nearby that were created in the same collision. So I went hunting. That's when I found FCC 240, which was strikingly similar in appearance and had identical stellar populations. Everything points to FCC 224 and FCC 240 being a twin pair, just like DF2 and DF4. The discovery was exciting enough that I applied for and received more VLT data to measure star velocities in FCC 240. That study is still ongoing, and I don't yet know the answer, but it's thrilling to be part of the investigation as it unfolds. If we find that FCC 240 also lacks dark matter, this may suggest these systems always come in pairs or groups.

The discovery of multiple galaxies with these properties has left us with many new questions. The galaxies can't be rare anomalies tied to a single group or environment. They appear in different parts of the universe, and our models need to account for them. How can a dwarf galaxy form or survive without dark matter? Several ideas are under active discussion.
To understand these galaxies further, we need to find more of them and improve our simulations and theoretical models of the universe. Wide-field, deep-sky surveys will be essential. The recently completed Vera C. Rubin Observatory in Chile is one of the tools that may help. Over the next decade its Legacy Survey of Space and Time will repeatedly image the southern sky in deep detail. Among the galaxies it finds, some might share the same traits as DF2, DF4, FCC 224 and maybe FCC 240.
There's an interesting and circular aspect to this. The new observatory is named after astronomer Vera C. Rubin, whose early work on galaxy rotation was one of the first indications that dark matter might exist. Now her namesake telescope might help us better understand galaxies that lack it. Adding a modern twist, the Rubin Observatory's data will probably be processed with technology company Nvidia's latest artificial-intelligence chip, called Rubin: Rubin will help Rubin find galaxies that challenge Rubin's discovery.
For me, this all began with a classroom discussion. It's now at the center of my research. The idea that some galaxies might form without dark matter contradicts one of the most fundamental assumptions in our understanding of galaxy formation. We don't yet know how often it happens or how such galaxies came to be. But we know they're real. And that's a mystery worth chasing.

Maria Luisa Buzzo is an astrophysicist at Yale University working on galaxy formation and evolution.
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How the corpse flower came to be so weird

Evolutionary studies make sense of the world's strangest plant

By Jacob S. Suissa edited by Kate Wong
[image: Visitors look at the Arum Titan.]Visitors to a botanical garden in Basel, Switzerland, attend the blooming of a corpse plant.
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The blooming of a titan arum, or corpse plant, is a spectacle like none other in the plant world. A pale spike resembling the decaying finger of a buried giant pushes up from the earth until it towers 10 feet above the ground. A massive petal-like structure unfurls to form a blood-red cape around the finger. The smell of rotting flesh fills the air. Then, some 36 hours later, the bloom is over. Seven years or more may pass before it happens again.
With its putrid stench, alien appearance and peculiar habits, the corpse plant disgusts and fascinates in equal measure. At any given time, botanical gardens, arboretums and nurseries around the world are making plans to share news about their specimen. They don't know exactly when it will bloom--the titan arum works on no one's schedule but its own--but they need to be ready when it does: this species, Amorphophallus titanum, often brings in more traffic to botanical institutions than any other species in their collections.
It's not just the general public that finds the titan arum so captivating. Scientific interest in this monstrosity dates back to at least the late 1800s, when Italian botanists first formally described the species, which is endemic to the rainforests of western Sumatra. Researchers have been studying this floral phenomenon ever since.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

In my research as a plant evolutionary biologist, I mostly study members of an entirely different group of plants, the ferns. But I find myself drawn to the corpse flower because its mix of features suggests that it has an especially interesting evolutionary history. Recent investigations have illuminated how the corpse plant acquired its bizarre traits. The findings not only help to explain why the plant is the way it is but also offer fascinating examples of little-known factors that can significantly influence evolutionary outcomes. Put simply, the corpse flower can teach us about how evolution works.
To appreciate the corpse plant, it helps to understand its structure. When it's not in bloom--the vast majority of the time--the plant basically consists of a giant tuberlike stem, which sits underground and stores energy in the form of starch, and a single massive leaf that grows aboveground and superficially resembles a small tree. The leaf lasts for about a year, producing food through photosynthesis and sending it to the tuber for safekeeping. When the leaf dies, the tuber goes dormant for a few months before sending up another leaf to convert sunlight into food.
[image: Classic botanical illustration with parts of Amorphophallus titanumof labelled and scale of the various parts indicated.]Isik Guner



Once the tuber is big enough to fuel a more ambitious undertaking, the corpse plant can flower. It may be 10 years old before it can manage this feat. When it's time to bloom, the plant produces a structure called an inflorescence instead of the usual leaf. This inflorescence is the bloom. It's composed of two primary parts: the fingerlike spadix and the capelike spathe. Although it might seem unfamiliar, this floral structure is similar to that of the peace lily (Spathiphyllum) in your doctor's waiting room--but scaled up and ready for Halloween.
People tend to think of the spadix and spathe as the corpse plant's flower. But the actual flowers are dinky little structures at the base of the spadix--so reduced that they generally lack all the traditional floral organs, such as petals and supportive sepals. These flowers are also unisexual, with pollen-bearing flowers higher up on the spadix and seed-producing flowers lower down. The pollen-bearing flowers contain only a few pollen-making organs, and the seed-bearing flowers produce a single, tiny fruit. Both flower types are stripped down to their essential parts.

The corpse plant is an extraordinary example of evolutionary mimicry. Most of the flowering plants that are familiar to us have colorful, sweet-smelling blooms to attract bees, butterflies, birds, and other pollinators that help them reproduce. The corpse plant has a different strategy. It has evolved to look and smell like decaying meat so that it appeals to a different group of pollinators: the flies, beetles, and other insects that feed on carrion. The spathe and spadix have ripples, grooves, bumps and discolorations that are strikingly similar to those on the surface of rotting flesh. The stench takes the disguise to the next level.
Along with many other members of the genus Amorphophallus, the corpse plant has evolved highly specific sulfur-based compounds that mimic the smell of carrion. G. Eric Schaller of Dartmouth College and his colleagues recently identified a previously unknown component of the plant's stinky odor, aptly named putrescine. This substance, in a form chemically identical to that found in the flower, also contributes to the odor of decaying animal meat. In both the corpse plant and decomposing animal flesh, this rank compound is derived from the breakdown of particular amino acids, the building blocks of proteins.
The corpse plant's independent development of some of the exact same compounds as in rotting meat is remarkable. In most cases of mimicry in the natural world, the mimic is not an exact copy of the original. Consider, for example, ant-mimicking spiders, a group of spiders that, as their name suggests, cosplay as ants. Like all spiders, ant-mimicking spiders have eight legs. Ants, however, have just six legs and two antennae. As part of their disguise, the spiders hold their front two legs up and wave them around to give the appearance of the ant body plan. Evolution does not craft novelty from nothing; it tinkers with what it has. In the case of the corpse plant, the tinkering happened to lead to an identical final product.
[image: Corpse Flower in bloom.]A window cut into the spathe provides access to the pollen-bearing flowers.
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Another extreme evolutionary innovation of the corpse plant helps to ensure that its fetid perfume travels far and wide to attract as many pollinators as possible. Many plants that rely on carrion insects for pollination have evolved mechanisms to produce heat, which carries the scent higher as it rises and distributes it throughout the nearby environment. The titan arum leverages a particularly fascinating means of doing this, as Schaller and his collaborators discovered.
The plant takes starch stored in its large underground stem and turns it into sugar. The sugar is then sent up through the fingerlike spadix and into mitochondria, where it is metabolized. Usually, when sugar is metabolized in mitochondria, it is used for the body's energy production. But instead of capturing the energy and using it to power cellular processes, the corpse plant breaks the process of cellular respiration in the mitochondria and releases the energy as heat. During this process, the spadix can warm up to as much as 20 degrees Fahrenheit above the ambient temperature.
In just about any other scenario, the release of this energy would be horrible for a plant--a waste of precious reserves. In this instance, however, the excess heat broadcasts the rotten stench to more insects, thereby increasing the chance of pollination.
The strength of the odor emissions is mind-boggling. Rose Rossell, a Ph.D. candidate at Colorado State University, and her colleagues measured chemicals emitted by a conservatory corpse plant when it bloomed in 2024. They found that it emitted sulfur compounds at rates similar to those of landfills. But as powerful as the smell is, it's not indelible. The researchers determined that polluted air can diminish the fragrance plumes and even change the chemical profile of the scent. In theory, these effects could reduce the number of pollinators that visit these plants in the rainforest, which is concerning because the species is endangered, with fewer than 1,000 plants estimated to remain in the wild.

The corpse plant is best known for its macabre flamboyance. Yet beyond its outlandish appearance and foul bouquet, the plant has another fascinating attribute, one that offers a window into evolution's inner workings.
As a plant evolutionary biologist, I think the most intriguing thing about this species is the mismatch in the sizes of its structures. The corpse flower has much to teach us about one of my main areas of interest: how the growth and development of an organism relate to its evolutionary trajectory.
[image: A hand takes pollen with a spoon from the recently bloomed, rare titan arum.]Horticulturists collect pollen from blooming corpse plants in their care to share with other botanical gardens and arboretums in an effort to help maintain the genetic diversity of the species.
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Evolutionary biologists have long tried to identify patterns of size change in organisms over time. The scientific literature abounds with debate over principles such as Cope's rule, which proposes that animal lineages tend to increase in body size over time, and the Island rule, which holds that when mainland species colonize islands, large-bodied organisms evolve smaller sizes and small-bodied organisms become larger. The corpse plant exhibits a curious dichotomy in this regard. Whereas the blooming structure known as the inflorescence evolved gigantic proportions, the actual flowers have become dwarfed.
The co-occurrence of these two evolutionary trajectories, gigantism and dwarfism, in the same organism raises a host of questions. Why is the inflorescence so large? Why are the individual flowers so small? Which occurred first, the supersizing of the inflorescence or the shrinking of the flowers? What evolutionary processes enabled these changes?
Charles Davis of Harvard University and his colleagues have found that extremely large inflorescences and flowers (collectively called blossoms) have evolved multiple times, most often in species that are pollinated by carrion insects. They propose that large blossoms are adaptations to these pollinators, emitting more odor and enticing more insects to linger in their warm chambers, where they are safe from predators. Furthermore, just as these insects are attracted to big animal carcasses when choosing a place to lay their eggs, presumably because they provide more abundant food resources for developing larvae, so, too, may they be drawn to larger blossoms of carcass-mimicking plants. And attracting more pollinators increases the odds of a plant's reproductive success.
But if the preferences of pollinators are driving the evolution of the corpse plant's extreme proportions, why does it have such minuscule flowers? If there was selection for bigger blooms, why did Amorphophallus evolve toward gigantism in the inflorescence but not the individual flowers?
[image: Mature leaf form of the Titan arum (Amorphophallus titanum) plant.]Although the corpse plant looks like a tree when it is not in bloom, the structure that resembles a trunk with branches and leaves is actually a single leaf.
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Before we can attempt to solve this mystery, we need to know about the timing of the evolution of these two traits: Which one evolved first? It's the age-old chicken-and-egg question, and as in the case of that poultry-themed paradox, the answer lies in the evolutionary family tree. Let's start with actual chickens as an example. If we look at birds and their closest relatives--the crocodilians, turtles, snakes and lizards--we see that with few exceptions, the species in these lineages lay eggs. We can conclude from that observation that their common ancestor laid eggs. Ergo, the egg came before the chicken.
What about the tiny flowers and large blooms of A. titanum? If we look at the evolutionary tree of the corpse plant, we see that every member of its family, Araceae, has small flowers. So do many members of other families in its order, Alismatales, and related groups such as Acorales, Petrosaviales and some members of Dioscoreales. To find entire lineages that have larger flowers, we have to traverse several orders of branches outside the Alismatales to the Liliales. This pattern tells us that small flowers came before the massive inflorescence in the evolution of the corpse plant lineage.
The ancestral presence of those tiny flowers might have determined the evolutionary trajectory of the corpse plant. Todd Barkman of Western Michigan University and his colleagues studied rates of flower-size evolution. They found that lineages whose ancestors had large individual flowers tended to have higher rates of floral-size evolution than lineages descended from small-flowered forms. In other words, larger flowers beget larger flowers. This is what they think occurred in Rafflesia, a genus of carrion-pollinated plants native to Southeast Asia that have the largest individual flowers in the world, each one around the size of a beach ball.
In the corpse plant and its close relatives, however, flowers are small, so rates of size evolution in the individual flowers are also low. In the face of selection pressure from carrion pollinators for larger blossoms, variants with larger overall bloom sizes are more likely to emerge than variants with larger individual flowers.
[image: The Titan Arum flower standing tall and a person standing next to it, appearing much smaller.]In 2022 researchers documented a bloom measuring more than 14 feet tall in the rainforest of West Sumatra--one of the largest on record. The species is endangered; fewer than 1,000 individuals are estimated to remain in the wild.
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Once a plant starts down the path of developing a bigger inflorescence instead of a larger flower, it undergoes a kind of ratchet effect whereby large inflorescences give rise to ever larger inflorescences, and the alternative evolutionary path of selection acting on individual flower size becomes less and less likely.
The fact that giant inflorescences in plants outside the corpse plant's family such as sunflowers, figs and palms generally contain lilliputian flowers supports this idea. Corypha umbraculifera, the talipot palm, has an inflorescence up to 26 feet in length--the longest in the world--that may hold as many as 25 million diminutive golden flowers.
What this tells us about evolution is that where selection acts in an organism depends on the history of that particular lineage. Did a plant's ancestors have small flowers clustered into inflorescences, or did they have a single-flowered stalk? If the former, selection might have favored larger inflorescences, as in Amorphophallus; if the latter, selection might have promoted bigger individual flowers, as in Rafflesia. The corpse plant highlights the importance of these historical contingencies.
The titan arum is obviously spectacular to behold. But there's more to it than immediately meets the eye--or nose. The next time one blooms near you, I hope you'll join the crowd of spectators to experience it in all its glory and ponder these evolutionary insights that help us make sense of the weirdest plant in the world.

Jacob S. Suissa is a plant evolutionary biologist at the University of Tennessee. He studies the evolution of plant form and development across deep time.
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New ways to save kidneys

A series of novel treatments and medical insights is helping chronic kidney disease patients

By Lauren Gravitz 
[image: Kidney disease "Innovations In" cover features a grid of kidneys.] Chiara Vercesi



This article is part of "Innovations In: Kidney Disease," an editorially independent special report that was produced with financial support from Vertex.
Although more than one in seven adults in the U.S. have chronic kidney disease, as many as 90 percent of them don't know they have it. Left untreated, the kidneys can become irreparably damaged. Poor diagnosis and the progression of harm have led to increased rates of serious kidney problems around the globe, as Now Medical Studios and Jen Christiansen illustrate. But with greater prevalence comes greater scrutiny, which has led to an influx of new treatments. Tara Haelle details how these medications emerged from a renewed look at existing drugs for diabetes and cardiovascular disease, given that kidney health and these conditions are so closely intertwined.
There is also good news for hopeful parents. In the recent past OB/GYNs advised their patients with chronic kidney disease to avoid pregnancy--both because it could endanger their own health and because it was difficult for compromised kidneys to support a fetus. But as Cassandra Willyard writes, researchers have made important strides in helping such people have healthy pregnancies. Another area that has advanced rapidly during the past few years is the treatment of autoimmune kidney disease. As Charles Schmidt reports, new medications for the deadly disease of IgA nephropathy are here, and they are allowing physicians to help patients who previously had few to no options. Now, however, the trick will be diagnosing them as early as possible.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

As helpful as medications can be for treating kidney disease, some drugs aimed at other conditions can harm kidneys or even cause them to fail. For hospitalized patients, balancing the risks and benefits of these meds can prove particularly tricky. But, as Jyoti Madhusoodanan explains, researchers are creating a system that can flag those patients most in danger so they can be monitored and their care reassessed to avoid permanent damage.
The common goal of these new initiatives is to keep kidneys as healthy as possible for as long as possible. Living with chronic kidney disease can be grueling, and people with kidney failure must make time for dialysis at least three to four times a week. Charlotte Huff spoke with three individuals whose lives have been dictated by their disease. These people's stories paint a picture of resilience and determination. There are a multitude of ways to navigate this disease, and its prognosis is improving with every passing year.

Lauren Gravitz is a science journalist in San Diego, Calif., who has contributed to Nature, NPR, the Washington Post, MIT Technology Review and the Economist, among other publications. She is a 2021-2022 Knight Science Journalism Project Fellow at the Massachusetts Institute of Technology.
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The number of kidney patients is going up

Chronic kidney disease has a variety of causes, ranging from immune system problems to medication side effects

By Now Medical Studios & Jen Christiansen edited by Jen Christiansen & Lauren Gravitz
[image: Detail of an illustration of the anatomy of a kidney.] Now Medical Studios



This article is part of "Innovations In: Kidney Disease," an editorially independent special report that was produced with financial support from Vertex.
The global burden of chronic kidney disease (CKD) is high and getting higher. In 2023 it was the ninth-leading cause of death for adults and the 12th-leading cause of healthy years lost to illness, disability or premature death. In the U.S., researchers estimate that more than one in seven adults have CKD. Nine in 10 of those people are not aware that they have it, but their kidneys will struggle to filter waste and extra water from the blood as they worsen.
CKD has many different triggers and is intertwined with a range of other illnesses, including cardiovascular disease and hypertension. An analysis published in 2025 showed that CKD is more common in regions with a high diabetes prevalence, such as Oceania and the Middle East. In other areas with high rates, the cause is attributed to genetic variants within regional populations, such as in West Africa and Central America. Variability across communities underscores the complex nature of this noninfectious disease.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

COUNTRIES THAT STRUGGLE AGAINST KIDNEY DISEASE
In 1990 an estimated 378 million people aged 20 and older were living with chronic kidney disease (CKD). By 2023 that number had increased to 788 million worldwide.
The total number of people over 20 with CKD in the U.S., standardized for age, has increased 5 percent since 1990, reaching 11.7 percent in 2023. The 2023 global average was even higher, at 14.2 percent. Countries with large populations, such as China, have a high number of cases, but often their rates are actually below the world average. Countries with the highest rates in 2023 are labeled.
[image: Bubble chart shows the number of people over 20 with CKD over time. The countries with the highest rate in 2023 were Iran (22.7%), Haiti (22.1%) and Panama (20.9%).]
Part of that rise can be attributed to a population that's increasing in both number and age. But CKD's upward trend is outpacing those of several other leading causes of death.
[image: Table shows the leading causes of death (standardized for 20 years and above) in 1990 and 2023. Chronic disease went from 14th position in 1990 to 9th in 2023.]Jen Christiansen; Source: "Global, Regional, and National Burden of Chronic Kidney Disease in Adults, 1990-2023, and Its Attributable Risk Factors: A Systematic Analysis for the Global Burden of Disease Study 2023," by Patrick B. Mark et al., in Lancet, Vol. 406; November 22, 2025 (data)



WHAT IS KIDNEY DISEASE?
Kidney disease is an umbrella term that includes a wide variety of causes, but in every case the condition disrupts the kidneys' ability to filter waste and maintain balance in the body. It is classified based on the amount of damage and remaining kidney function.
[image: A healthy kidney illustration fades into a diseased kidney illustration, along a continuum of short-term damage to gradual long-term damage to advanced kidney failure.]
How is Kidney Health Tracked?
Physicians divide chronic kidney disease (CKD) into five stages depending on how well the kidneys function, something that helps guide care. Because CKD usually develops gradually, stage-specific treatment can slow damage and keep the kidneys working as well as possible.
[image: Graphic describes the 5 stages of CKD. In early stages, there are often few to no signs of disease. Symptoms usually begin around stage 4 and include nausea, appetite loss, vomiting, fatigue, sleep problems, decreased mental acuity and shortness of breath. By stage 5, patients are seriously unwell. Kidneys are working at less than 15 percent capacity.]
[image: Panel describes how kidney function is measured. There are two tests most commonly used to assess kidney function. A blood test called eGFR measures how efficiently the kidneys filter blood. Low eGFR indicates decreased kidney function. A urine test called uACR detects protein, which is an early sign of kidney injury.]
What puts your kidneys at risk?
Kidney injury is often triggered by certain medications or another medical condition, such as severe dehydration, a urinary tract blockage, or infection. Factors that fall within the following three categories can also increase the risk of developing the disease.
[image: Graphic presents three CKD risk factors: chronic illness, genetics and a compromised immune system.]
Where can damage occur in the kidney?
The kidneys are composed of different structures, and damage to any of them can disrupt how waste gets filtered from the blood and removed from the body. Here are some examples of where and how that damage can occur.
[image: Graphic shows kidney anatomy, with five areas highlighted; blood vessels, a cyst on the main kidney tissues, nephrons, glomeruli, and kidney stones in the ureter.]Now Medical Studios





Now Medical Studios is a multidisciplinary studio that creates medical illustrations and animations for clients in the pharmaceutical and healthcare industries.

Jen Christiansen is acting chief of design and senior graphics editor at Scientific American, where she art directs and produces illustrated explanatory diagrams and data visualizations. She is also author of the book Building Science Graphics: An Illustrated Guide to Communicating Science through Diagrams and Visualizations (CRC Press). In 1996 she began her publishing career in New York City at Scientific American. Subsequently she moved to Washington, D.C., to join the staff of National Geographic (first as an assistant art director-researcher hybrid and then as a designer), spent four years as a freelance science communicator and returned to Scientific American in 2007. Christiansen presents and writes on topics ranging from reconciling her love for art and science to her quest to learn more about the pulsar chart on the cover of Joy Division's album Unknown Pleasures. She holds a graduate certificate in science communication from the University of California, Santa Cruz, and a B.A. in geology and studio art from Smith College. Follow Christiansen on Bluesky @jenchristiansen.com
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From dialysis to distress, newly diagnosed kidney patients must cope with a lot

Kidney damage can sneak up on people without symptoms. A new diagnosis can mean major limits on how a person lives

By Charlotte Huff edited by Lauren Gravitz
[image: A man holding blankets, walking into a dialysis clinic.]Four hours of kidney dialysis at a clinic chills Alex Berrios as his blood-circulates between his body and a filtering machine. So Berrios arrives at the Louisville, Ky., facility wearing two layers of clothes and a wool cap and carrying an armload of extra blankets.

 Austin Anthony



This article is part of "Innovations In: Kidney Disease," an editorially independent special report that was produced with financial support from Vertex.
Alex Berrios arrives at the dialysis clinic when the world is still dark, shortly after 5:00 A.M. In his backpack, the Louisville, Ky., man carries a notebook for journaling and a laptop and earbuds to watch movies. Sometimes he meditates during his nearly four-hour treatment three days a week or tries to doze as the machine that keeps him alive beeps and hums beside him.
He doesn't feel the blood leaving his body and entering the dialysis machine, which filters out toxins and extra fluids and adjusts concentrations of potassium and other minerals to safe levels. But although the dialysis chair is heated, and despite wearing a long-sleeved shirt and a knit hat and covering himself with three blankets, Berrios is always cold in the clinic. It's a pervasive chill he attributes to his blood cooling slightly during its journey between man and machine. "I'm always needing to wear layers," says the 46-year-old father of two.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Berrios is among nearly 36 million adults in the U.S. who live with some degree of kidney dysfunction. Diabetes and high blood pressure are most frequently responsible, but it can also be caused by rare genetic conditions, sickle cell disease or even certain medications. And although treatments such as drugs and dialysis can help mitigate the worst symptoms, chronic kidney disease alters the contours of daily life and presents a variety of ongoing challenges--from changes in diet to hours-long dialysis sessions--for almost everyone diagnosed with it.
When the body's two kidneys work well, the fist-size organs filter about half a cup of blood every minute, shedding waste products and excess fluids to make urine. It's a complex operation, reliant on roughly a million tiny filtering units, called nephrons, in each kidney to maintain a balance of water and minerals in the bloodstream. But kidneys have a built-in buffer, says Steven Fishbane, chief of nephrology at Northwell Health in Long Island in New York State. Nature provides more kidney function than you need to survive, he says, "so that you could survive the loss of a kidney."
Berrios didn't have that innate redundancy: he was born with only one kidney but didn't know that until it failed. "I crashed into dialysis the first time," he says. In 2006, at age 26, suffering from dizziness and uncontrolled vomiting, he suspected he had food poisoning and went to the emergency room. Hospital physicians later diagnosed him with kidney failure and told him he had only one of the usual pair of organs, much to his surprise. He began dialysis soon after. For roughly 18 months he made multiple visits to the dialysis clinic each week, until a woman who sat behind him at church offered him a remarkable gift: one of her kidneys.
Kidneys from living donors last 15 to 20 years on average. Berrios's transplanted organ failed after 13 years, in part, he believes, because he was getting fewer medical checkups in the early months of the COVID pandemic to minimize his exposure to the virus. In 2020 he reluctantly returned to dialysis.
"People assume, 'Oh, you have dialysis--you're going to be fine,'" Berrios says. But nothing fully replicates the intricate workings of healthy kidneys. "It's like running a marathon. You're sitting in a chair, and you're getting your blood cleaned and fluids pulled out," he says. "It's hard on the body, hard on your heart, hard on your muscles, hard on a lot of things."
[image: A man wearing a black leather jacket and black wool cap on the phone, with a plate of food.]Berrios, 46, eats lunch after one of his dialysis sessions. The sessions occur three times each week, and they feel grueling, sometimes causing severe cramps and making his vision blur for a while.
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Most people with kidney disease experience minimal symptoms until the organ's function drops below 30 percent of normal, Fishbane says. For Berrios, some of the more difficult symptoms are dry or itchy skin and overall body fatigue. Sometimes during the dialysis sessions, fierce muscle cramps hit his legs and abdomen. "It's like a charley horse but times 50," he says. "It doesn't go away--it will linger for a while."
Occasionally his vision will blur toward the end of a treatment session, Berrios says, noting that clinicians have told him it can be a temporary dialysis side effect. When the blurring happens, he sits for a short stretch in the lobby until he can see clearly enough to drive home.
Marcelo A. Pena, now 39, has been on dialysis for about 25 years. He was diagnosed at age 10 with a disease called focal segmental glomerulosclerosis, in which scar tissue buildup can lead to kidney failure. By age 13 doctors told him he needed to start dialysis or get a kidney transplant.
His mother donated one of hers. But the original disease proved to be so aggressive that it was damaging the transplanted organ within a few months, Pena says. "That strong little Mexican kidney lasted about two years," he says. "My mother is very resilient, and she's from Mexico. It fought for its life--it really did."
Pena, who lives in Charlotte, N.C., has tried every type of dialysis. For a few years, instead of going to a hemodialysis clinic, he tried peritoneal dialysis. In this procedure, dialysis solution flows through an abdominal lining called the peritoneum and then into the abdominal cavity to filter waste from the blood and excess fluids from the body. It's typically done daily at home or somewhere else convenient.
For nearly a decade Pena has been giving himself hemodialysis at home, filtering his blood through a machine in his bedroom. He says that when he does home dialysis three to four evenings every week, he notices less strain on his body than when he went to the clinic, and he has more free time to paint, create music and pursue his intensive wellness routine, which incorporates yoga, meditation and backyard workouts. He also works part-time hours as a patient advocate.
Each treatment requires fresh dialysis solution--a combination of a sugar called dextrose and other chemicals similar to those found in the body--which Pena also makes at home. He preps the machine the night before so that when he wakes up, it's ready to start the seven-hour process, and he doesn't need to interrupt the rest of his daily routine to make time for it. "All I've got to do is just press two buttons," he says, "and then I can just go about my day." Before using the solution, Pena tests each batch to ensure the filtered water used in it is sterile. He dons a mask and gloves when he inserts the needles into his arm that withdraw his blood and then return it.
Before he begins the dialysis process, Pena cooks dinner and sets it up nearby. During treatments, he'll read or watch podcasts or other videos. He periodically checks his blood pressure to make sure it's not too high or too low.
Sometimes he dozes off toward the end, awakening when he senses the machine slowing down. After it's over, Pena almost always experiences what he describes as a dialysis mental fog. "Simple questions are almost out the window, or you're going to get a delayed response," he says. "You feel like a shell of yourself."
The only remedy is a good night's sleep. "The next day I'm pretty much good to go," Pena says, restored to 80 to 90 percent of his usual energy level.

Stacey Warr's blood pressure readings had been high since her freshman year of college. But other than a brief prescription for blood pressure pills, her doctors hadn't suggested any other medication, and she had no idea that hypertension posed a serious risk to her kidneys. It was only when Warr was abruptly hospitalized at 29 years old, with vomiting and severe shortness of breath, that she learned about her limited kidney function. By then, her disease had already advanced to stage 5.
"I couldn't cook with any salt products whatsoever. No canned foods. No deli meats. I cried in the grocery store trying to find something to eat." --Stacey Warr Patient, Age 36

As many as nine in 10 adults with kidney disease don't realize they have it, in part because the damage can progress for years without symptoms. "The low detection rate is a major, major problem," says Kirk Campbell, a nephrologist at the University of Pennsylvania and president of the National Kidney Foundation. People are often less savvy about the risk factors for kidney disease compared with the risks for heart trouble and other chronic conditions, he says. Plus, there's no recommended universal kidney screening.
When Warr was diagnosed, her kidney function was low but remained stable, not severe enough to require dialysis. But her diet and social lifestyle changed overnight. She stopped drinking alcohol. Because clinicians advised her to strictly limit her consumption of calcium, phosphorus, potassium, and other common nutrients, she subsisted largely on berries, white rice, shrimp, salmon and water. "I couldn't cook with any salt products whatsoever," says Warr, who is now 36 and living in Upper Marlboro, Md. "No canned foods. No deli meats. I cried in the grocery store trying to find something to eat." After meeting with a dietitian, she expanded her options, adding chicken, red meat, sweet potatoes, and other kidney-friendly foods.
"It was very hard," Warr says. "I didn't know anyone with chronic kidney disease, especially at my age. I felt like I couldn't relate to anyone."
Nearly 38 percent of people with kidney dis-ease report symptoms of anxiety or depression, as well as sleeping difficulties, according to a 2024 study in the American Journal of Nephrology for which researchers interviewed 103 adults from the U.S. and elsewhere. "Finding out that they have kidney disease initially really kind of shakes people," says Fishbane, a co-author of the study.
Advanced disease also can cause someone to feel "loneliness, alienation, isolation, separateness," says Molly Kierein, a California-based clinical psychologist who works with kidney patients and had a transplant herself after being diagnosed with end-stage kidney disease.
Warr got a mood boost from something she started doing to improve her physical health: running. Soon she was competing in 5K and 10K races. Running not only eased her depression but also provided her with focus and a challenge that she could conquer. In recent years she has also leaned into advocacy, sharing her story to highlight the higher risk in her Black community. In the U.S., 20 percent of Black adults have kidney disease, compared with 14 percent of Asian and Hispanic adults and 12 percent of white adults.
[image: A man napping on a recliner couch, with a dog.]"It's like running a marathon," Berrios says about dialysis, sitting on a couch at his home with his dog, Jemma. "It's hard on your body, hard on your heart, hard on your muscles, hard on a lot of things."
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Warr had been on the transplant list for nearly three years when, on September 10, 2025, she received the call about an available kidney. Within two hours she and her mother were walking into MedStar Georgetown University Hospital in Washington, D.C. By then Warr's kidney function was between 13 and 15 percent.
"Interestingly enough, they didn't take my kidneys out, so I have three kidneys," Warr says. "But the new one is the only one that's operating." Surgeons typically leave the original kidneys behind to avoid the risks involved with removing them, says Campbell, who also notes that the nonfunctioning organs tend to shrink over time.
In the short term, Warr is still avoiding sushi, unpasteurized cheeses, and other foods that might pose a risk to her new organ. She drinks at least eight cups of water daily--unlike dialysis patients, recipients of successful transplants are encouraged to take in fluids--and indulges in only one cup of coffee or tea, less than what she consumed before her transplant. "They don't want the new kidney to get dehydrated," she says.
Four times every day an alarm sounds on Warr's phone reminding her to take her pills--more than two dozen daily at this point, most of them aimed at preventing organ rejection. Shortly after the transplant, Warr was well enough to return to her remote job as an IT project manager. She and her partner picture a baby in their future, she says; Warr is setting her sights on 2027 or 2028. Before that, she says, she plans to complete her first marathon.
Berrios initially chose the predawn hours for dialysis so he could continue his work at a kidney-care start-up. But last fall he realized that he didn't have enough energy to continue and needed to focus on his health.
"Just staying alive" is a full-time job for people on dialysis, says Kierein, the psychologist. She helps them find ways to retain their sense of autonomy, part of which involves thinking through why they recommit to treatment week after week.
The goal may be to live long enough to attend a family wedding or until an adult child is ready to move out, Kierein says. "It can be, 'I love my partner too much.' It really could be anything. It could be someone who is just so afraid of death that they decide that they want to keep going."
For Berrios, much of this forward thinking involves keeping his 15-year-old daughter and 10-year-old son top of mind. He knows that his chances of getting a second kidney are low because he's developed antibodies that make him highly likely to reject a new organ. But he's keeping his options open, including by monitoring research involving pig kidneys for transplants.
After five years of trips to a dialysis clinic, Berrios's stamina has flagged. At times, he says, his body feels more like that of a 70-year-old than a 40-something. He can walk only half a mile at a stretch instead of two to three.
Even so, Berrios settles into the heated chair every time, bundled under blankets, determined to keep a positive mindset. "I look beyond myself," he says. "I'm sitting there doing it physically. But it's for my family, my kiddos ... I feel like I still have a lot of life ahead of me."
Editor's Note (3/18/26): On February 22 Alex Berrios received a transplanted kidney during a nearly eight-hour surgery in New York City. His donor was a 49-year-old man. In March Berrios reported he was doing well and had higher energy levels.

Charlotte Huff is a Texas-based medical journalist who has written for Health Affairs, KFF Health News, Nature, STAT and Texas Monthly, among other publications.
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After years of discouragement, more kidney patients are having healthy babies

Care innovations have allowed many more people with kidney disease to become parents. But pregnancy still carries risks

By Cassandra Willyard edited by Lauren Gravitz
[image: A mom and son looking at a book.]Harriett Oppenheim, who received a kidney transplant, was able to get pregnant and give birth to a son. Oppenheim and her child, now six years old, read together in their Washington, D.C., house.

 Jeffrey MacMillan



This article is part of "Innovations In: Kidney Disease," an editorially independent special report that was produced with financial support from Vertex.
Harriett Oppenheim wasn't sure she would ever be able to carry a baby. She has lupus, an autoimmune disease, and doctors had told her it would be extremely risky. By the time she got married, the disease had caused so much damage to her kidneys that she had to rely on dialysis. Not only would the kidney damage make conceiving difficult, but pregnancy could be dangerous for her and her fetus.
The kidneys are crucial for a healthy pregnancy: Among other things, they help the body expand its blood volume and regulate blood pressure to support a growing fetus. During pregnancy, the organs kick into overdrive, ramping up blood-filtration capacity by 50 percent or more to remove harmful waste from parent and fetus. Because pregnancy puts so much stress on the organs, people with kidney disease have an increased risk of complications when they become pregnant: preeclampsia (a disorder that can cause dangerously elevated blood pressure), preterm delivery and low-birth-weight babies. The more severe the disease, the greater those risks become. Because of that, in past decades doctors had strongly discouraged women with kidney disease from getting pregnant. And Oppenheim, a lawyer who, at the time, lived in Jackson, Miss., was in the final stage of the illness--kidney failure.
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But in 2014 Oppenheim, then in her early 30s, got married and received a transplant from a living donor. And her nephrologist gave her some surprising news: if she gave the new kidney some time to settle in and all went well, she and her husband could try for a baby. Five years later they became the parents of a healthy boy.
Even for women with advanced kidney disease, having a baby is no longer discouraged. "The research that was driving that decision was pretty small and, honestly, pretty outdated," says Jessica Tangren, a nephrologist at Massachusetts General Hospital. Today the goal is to make sure that people such as Oppenheim who want to have a baby can do so as safely as possible. There are still risks, but nephrologists who specialize in obstetric care now have better data on them and better tools for managing them. Outcomes have improved as a result. Doctor-patient relationships are also more collaborative. "Over the 20 years that I've been doing this, we've evolved from a very paternalistic style of practicing medicine, where we're telling women what to do, into shared decision-making, where we're discussing the risks and helping patients arrive at decisions together," says Michelle Hladunewich, a nephrologist and founder of the Kidney Disease and Pregnancy Clinic at Sunnybrook Health Sciences Center in Toronto.
Chronic kidney disease is not uncommon in people of childbearing age. Nearly 8 percent of women between the ages of 20 and 49 in the U.S. have the condition, and the rates are even higher--about 9 to 10 percent--among Black and Hispanic women. In many cases, it's caused by autoimmune diseases such as lupus or by genetic disorders. In other instances, kidney problems are a consequence of diabetes or high blood pressure.
Doctors have long known that kidney disease increases complication risks during pregnancy, and those risks increase with the severity of the disease. "People who have mild kidney dysfunction really have minimally increased risks in pregnancy compared with people who are at more advanced stages," says Andrea Oliverio, a nephrologist at University of Michigan Health in Ann Arbor. Quantifying those risks, however, has proved challenging. As Tangren points out, much of the existing data is decades old and no longer relevant.
Data are especially scarce for pregnancy during end-stage renal disease, in part because so few women whose disease has progressed that far have had babies. But that's changing. Reproductive technologies have allowed women to have children later in life, so nephrologists are seeing more people with poor kidney function who want to get pregnant. "I'm dealing with women who have really quite advanced chronic kidney disease," Hladunewich says.
Three weeks before Laci Weatherford's due date, her kidney function dipped and she had to deliver the baby early.

That means a greater risk of complications, chief among them preeclampsia. The condition affects between 3 and 5 percent of all pregnancies. Among people with chronic kidney disease, however, the rates are much higher, from about 21 percent to as much as 79 percent. Untreated, the condition can be life-threatening, causing kidney, liver or brain damage. In rare cases, it can cause seizures or even death. Because the only cure is delivery, labor may need to be induced early.
Researchers don't fully understand why preeclampsia occurs. It's possible poor kidney function means the blood volume can't expand as much as it should during pregnancy, and as a result, the placenta receives less blood than it needs. When that happens, the placenta responds by secreting factors that raise blood pressure in an attempt to draw more blood toward it. "Preeclampsia is basically the placenta crying for help," says Ananth Karumanchi, a nephrologist at Cedars Sinai in Los Angeles.
Historically preeclampsia has been difficult to diagnose in women with kidney disease. The telltale signs--high blood pressure and protein in the urine--are some of the same symptoms that occur when kidneys start to fail. At times that makes it tricky to distinguish preeclampsia from preexisting problems. But the distinction is important. If preeclampsia is the issue, only delivering the baby can fully resolve it. "In the old days, it was very, very difficult. We would have to biopsy the kidneys sometimes," Karumanchi says.
Now, however, doctors have a better way to determine preeclampsia risk. In 2023 the U.S. Food and Drug Administration approved a new biomarker test based on Karumanchi's work that measures the ratio of two placental proteins linked to the development of preeclampsia. Since then, another, similar test has been approved.
These tools have transformed the way doctors manage pregnant women with kidney disease, Hladunewich says. "I don't guess at the bedside. I now have a whole biomarker system that informs me and helps me make safe choices," she says. "In the renal population, that has been life-changing." Pregnant kidney patients with hallmark symptoms of preeclampsia can avoid being prematurely induced if the test shows they have a low risk of the condition. These screens also help doctors catch high-risk women who aren't showing clear indications of the disorder.
Oppenheim's pregnancy ran into problems around 35 weeks, when her blood pressure began to rise and her kidney function dropped sharply--signs of preeclampsia. Michelle Owens, a family friend and Oppenheim's obstetrician, then at the University of Mississippi Medical Center, watched the kidney numbers with concern and decided her best option was to deliver early. The baby boy was born small--four pounds, 11 ounces--but healthy.

Nine months of gestation can challenge even healthy kidneys. People who develop preeclampsia during pregnancy have a greater risk of kidney disease later on, for example, even if their organs were healthy at the start. And those who enter pregnancy with advanced kidney disease often lose additional renal function. Tamara Glavinovic, a nephrologist at the Ottawa Hospital in Ontario, says that's a frequent concern for people who come in for counseling. "There's a lot of fear," she says.
Laci Weatherford, a financial adviser in St. Louis, is intimately familiar with that fear. She was diagnosed with kidney disease after her first child was born and decided not to have more children. "I want to be alive for the kid that I have," she remembers thinking. But about a decade later Weatherford began to feel queasy in a familiar way. A drugstore test confirmed she was pregnant. "I was embarrassed, I was ashamed. I was so scared," she says. "I was just really convinced I wasn't going to make it through."
As Weatherford's pregnancy progressed, her kidney function suffered. The decline wasn't drastic, but it was worrisome enough that her doctors put her on bed rest about seven months in. Three weeks before her due date it dipped even further, and she had to deliver the baby early. The infant, a girl, was born small but healthy.
Weatherford's kidney disease was in partial remission when her second pregnancy began, and her kidney function bounced back after the birth. For women with more severe disease, however, the loss of kidney function can be dramatic and permanent. Tangren's research suggests about 7 percent of people with advanced disease lose enough kidney function that they need to start dialysis during pregnancy.
Nephrologists would like to better predict how the kidneys will handle pregnancy based on someone's individual risk factors, going beyond known danger signs such as protein in the urine and high blood pressure. Most women with chronic kidney disease come into pregnancy with "a constellation of risks," Hladunewich says. They might be of advanced maternal age or have a high body mass index or diabetes. And it's not clear how all those individual factors combine to affect overall risks to the kidneys or to the person bearing a child.
Tangren dreams of having "a crystal ball to predict how your kidneys are going to adapt to that hemodynamic stress of pregnancy," she says--a kind of kidney stress test.
Kate Bramham, a nephrologist at King's College Hospital in London, and her colleagues are working on such a prediction tool. Their calculator accounts for kidney function, along with other factors such as maternal age, body mass index, blood pressure, the cause of the kidney disease, and the amount of protein in the urine. They hope to forecast whether women are likely to lose a significant amount of kidney function during pregnancy and whether the baby is likely to be born prematurely or small.
Bramham's research suggests the calculation does a good job of identifying many people who are unlikely to develop complications during pregnancy. "We can confidently use the tool to say, 'Yes, you're going to be fine,'" Bramham says. But the tool isn't as useful for definitively identifying the women who will develop complications: about half of the people the calculator flags as high risk end up having good outcomes. Even though the tool isn't perfect, Bramham says it can reduce stress for those who end up in the low-risk group.

Improvements in understanding kidney disease and managing dialysis in pregnancy are making it possible for many more kidney patients to become parents. In Europe in the 1980s only 20 to 25 percent of pregnancies in women on dialysis resulted in live infants. But researchers discovered that more intensive dialysis could improve outcomes dramatically. In 2014 Hladunewich and her colleagues published a landmark study showing there was a live-birth rate of 85 percent among women in North America who had received more than 36 hours a week of dialysis while pregnant. Their babies also had much better outcomes. In women who had 20 hours of dialysis or less, the live-birth rate was only 48 percent. Patients who received longer dialysis also had babies at a median of 36 weeks, giving the infants a greater opportunity to thrive. But people who had less dialysis gave birth almost 10 weeks sooner.
And Hladunewich has done other research that suggests the live-birth rate for women who undergo intensive dialysis while pregnant is similar to the rate for women who get pregnant following a kidney transplant--80 and 76 percent, respectively.
But 36-plus hours of dialysis a week is a lot of dialysis. "It's a full-time job for nine months" or longer, Hladunewich says. "I warn women about that." Further complicating the problem is that intensive dialysis isn't always readily available. "Canada has a lot of home-dialysis programs," Hladunewich says. But there aren't as many of these programs in other parts of the world, where intensive dialysis "remains a nonstarter," she says.
When Oppenheim and her husband first asked Owens about having a baby, the obstetrician tried to dissuade them. The risks seemed too great. "This could be really, really dangerous," Owens remembers saying. But health is only part of the equation when it comes to family planning, and she understands why the couple ignored her advice. "We can tell you what makes the most scientific or medical sense, but we can't always tell people what's right for them," she says. "They knew what they wanted, and they won big."
Oppenheim's donated kidney, which she named Kiwi, struggled a bit after her son was born. Oppenheim thinks the stress of delivery triggered a lupus flare, which in turn affected the kidney. But after her illness was under control again, the organ began to recover. Today it's not as robust as it was before the pregnancy, but it works well enough to sustain her. And Oppenheim's son is now a bright, energetic six-year-old and an avid reader. His mother has no regrets. "Is he worth it? Totally," she says.

Cassandra Willyard is a journalist who covers health and science with a focus on infectious disease, public health and drug development. Her work has appeared in the Atlantic, Nature and the New York Times.
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New ways to spot and stop the stealthy advance of kidney illnesses

New alert systems and tests detect drug-induced kidney damage before the harm is irreversible

By Jyoti Madhusoodanan edited by Lauren Gravitz
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This article is part of "Innovations In: Kidney Disease," an editorially independent special report that was produced with financial support from Vertex.
Dennis Moledina encountered a common problem during his training in nephrology, the specialty dedicated to kidney health. Many of the patients he saw had acute kidney injury that had been caused not directly by a disease but by a prescribed medication. Each encounter sparked a series of questions for Moledina: Should they stop the problem medicine? Was there a drug they could add to the regimen to protect the patient's kidneys? Should they biopsy the organs to determine the cause?
Acute kidney injury (AKI) is a sudden change in the kidneys' ability to filter waste products from the blood, and it affects approximately one in 10 hospitalized patients--a number that jumps to more than five in 10 for those in intensive care. But the condition often causes no pain or discomfort, and clinicians have few warning signs.
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Drugs, including common antibiotics and painkillers, may treat ailments such as infections but harm the kidneys and worsen the overall problem. Some of these illnesses impair renal function as well. By the time blood levels of creatinine--a protein the kidneys typically remove--are high enough to grab a clinician's attention, it's often too late. Irreversible kidney damage has already begun. Because of the multitude of possible causes, identifying the real reason for drug-induced AKI in hospitalized people can be incredibly complex, and the condition is still underrecognized.
Historically, researchers and clinicians assumed that the kidneys healed when someone stopped taking medications and recovered from hospitalization. They would monitor patients during treatment--for instance, while they were taking a limited course of antibiotics--but didn't think short-term changes in creatinine resulted in lasting damage, says nephrologist Matthew James of the University of Calgary. There wasn't a lot of research into AKI, James says. "We didn't really think about the long-term health outcomes."
But long-term consequences turn out to be a real risk, and today AKI and chronic kidney disease are viewed as interconnected. For more than a decade, a variety of studies have shown that people who suffer AKI in the hospital are considerably more likely to experience chronic kidney disease and end-stage renal disease later in life.
Now that specialists know the importance of early detection, they are looking for ways to reduce the amount of lasting damage. When acute injury is diagnosed quickly, clinicians can remove offending drugs or add protective ones. So researchers are working to highlight people most at risk. Some are using electronic health data to flag problem medications for a patient's care team. Others, including Moledina, are homing in on more precise biomarkers that can be tracked in urine tests. Nephrologist Jennifer Schaub of the University of Michigan says there are many reasons someone might develop AKI, but medications are one that clinicians can do something about. "It's an area where there's potential for immediate clinical impact," she says. "It's an underrecognized problem, and it's also something that we can [change] in our clinical management very quickly."

The first challenge is to pinpoint when harm is occurring. White blood cells in urine, high levels of creatinine and low urine volume are often the only clues that alert clinicians to the problem. But each of these is a nonspecific marker, Schaub says, and all of them can occur in patients who are seriously ill.
At present, the only way to confirm most causes of acute kidney injury is via biopsy, which can reveal tissue inflammation, cellular damage or the presence of inflammatory cells. But biopsies are risky in patients who are already very sick because the procedures can cause bleeding, infection, and other issues.
In children, spotting AKI early is even harder. Kids who are hospitalized tend to have fewer daily blood tests than adults, says nephrologist Perry Wilson of Yale University. To try to address this, about 15 years ago researchers and clinicians led by a team at Cincinnati Children's Hospital Medical Center designed a system to send an alert when a child is undergoing treatments that could harm kidneys. The system, named AKI NINJA (Nephrotoxic Injury Negated by Just-in-time Action), notified a pharmacist when a child was on a single kidney-harming drug for three days or three nephrotoxic drugs at the same time. Children on these regimens were monitored closely. If clinicians noticed a disturbing increase in levels of creatinine, they could evaluate whether risk to the kidneys outweighed benefits of the medications prescribed.
The NINJA team found that the system allowed care providers to make better decisions about whether to continue or change prescriptions, ultimately reducing the number of days of acute kidney injury by 42 percent.
In a December 2024 analysis, University of Iowa nephrologist Benjamin Griffin and his colleagues used hospital data and computational models to test whether the NINJA system would be effective in adults. The problem he encountered was not that the system didn't work but that it wasn't specific enough. Because hospitalized adults are often on more medications for preexisting conditions than are children, the system produced a huge number of alerts. Instead of the 10 or so that clinicians received each month in the pediatric hospital, the system sent hospital staff 30 alerts every day, many of which were not a real cause for concern.
To try to recalibrate the system's sensitivity, Griffin's team tested machine-learning models that incorporate a patient's medical history, vital signs, and other clinical data to improve the model's ability to predict drug-induced kidney injury in adults. At present, the model can correctly gauge that risk 60 percent of the time, Griffin says.
An electronic notification can do only so much, however. Once someone has been flagged, doctors must make complex decisions about the care of seriously ill patients. "It's not always as simple as stopping a medication that might be bad for the kidneys," Wilson says. In addition to blood and urine tests, doctors need better tools to understand how kidneys are being damaged. "We need more than just the electronic data now."
Drugs can damage the kidneys in a variety of ways, Wilson says. Research and clinical studies have revealed some of the many distinct mechanisms through which medications affect kidney function. That understanding is a critical first step to mitigating drug-induced harm.
Some, such as NSAIDs, damage the kidney's glomeruli, which perform the first step of filtration and keep blood cells and large proteins out of urine. If we imagine the glomerulus as a colander, Wilson says, these drugs "cause the holes in the colander to get bigger" in some people. Other medications act like poison, killing kidney tubule cells, which help to filter wastes and reabsorb nutrients. Still others trigger an immune response akin to an allergic reaction.
If clinicians know which of these mechanisms is responsible for someone's kidney injury, they can figure out how best to combat it, Moledina says. Creatinine spikes, for example, could have any number of explanations: acute interstitial nephritis, spreading tumors, or the side effects of a different drug entirely. Once a spike is detected, clinicians face a diagnostic maze. They could switch treatments, or add in steroids that can reduce the problematic kidney inflammation, or simply continue and hope the creatinine rise is unrelated to the medication. Each of these choices confers both risks and benefits. "There's real-world implications, and you don't want to waste time," Moledina says.
To move beyond generic alerts, Moledina has been using data from the Kidney Precision Medicine Project to create a confirmatory clinical test. He has identified two key proteins, named TNF-alpha and CXCL9, which appear closely linked to the type of acute kidney injury triggered by immune reactions. He and his colleagues have begun working to commercialize tests for these biomarkers.
Although biomarkers do not mitigate drug-induced kidney injury, they can aid in early detection, which is critical to reduce the chances of long-term damage, Schaub says. The longer acute kidney injury goes undetected, the greater the chances of scarring and fibrous tissue blocking kidney function. "The more delayed the diagnosis or the longer it takes to implement treatment, the worse the outcomes for the patient," she says.
Noninvasive urine and blood tests can also be used to detect other promising biomarkers, such as the protein KIM-1, which can indicate acute kidney injury and tubular damage, and NGAL, a protein biomarker that can help clinicians identify those at risk of AKI as early as 48 to 72 hours into their time in an ICU. Such efforts will not only help to pinpoint the cause of the problem but also lead to more precise solutions, Wilson says.
Schaub sees an increasing need for these biomarker-based tests as new medicines become available for cancer, heart disease, and other conditions. "There are new things to treat people with, which is good," she says, "But the kidneys are sometimes an innocent bystander with all of these therapies that are being developed."
In the long run, more precise, noninvasive biomarkers could be used to develop better drugs and kidney-protective medications, as well as to determine whether new drugs for other conditions pose a renal risk. Ultimately these advances will change AKI from a condition that is difficult to detect and diagnose into one that can be stopped in its tracks. New biomarkers could translate into powerful tools for physicians to help patients, Moledina says. "Nephrotoxic injury is something you can do something about," he adds. "It's actionable." 

Jyoti Madhusoodanan is an independent journalist based in Portland, Ore. She covers biomedical research, health and clinical trials.
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A hidden kidney threat--and new treatments that make detecting it critical

IgA nephropathy, an immune assault on the kidneys, is often missed. New treatments mean that spotting it sooner might save lives

By Charles Schmidt edited by Lauren Gravitz
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This article is part of "Innovations In: Kidney Disease," an editorially independent special report that was produced with financial support from Vertex.
The man in his 50s arrived at Ellie Kelepouris's office carrying a sheaf of medical records. They contained years' worth of laboratory test results that showed microscopic traces of blood in his urine. Kelepouris, a nephrologist at the University of Pennsylvania's Perelman School of Medicine, wasn't the first kidney specialist he had consulted about the problem. "I don't want to have blood in my urine," the man said. "I don't know what's going on." Kelepouris suspected the cause, but it took a kidney biopsy, done in 2024, to confirm it. Her patient had IgA nephropathy (IgAN), an autoimmune disease that is an important cause of kidney failure.
IgAN is far from the most common cause of kidney disease, but up to 40 percent of people who have it will eventually require dialysis or a kidney transplant. Kelepouris's patient was diagnosed while he was still in the early stages of the illness, but that's uncommon. IgAN can develop asymptomatically for years, and by the time it's detected, most patients are already at advanced stages. Today there are emerging precision therapies that can preserve kidney function and potentially stop IgAN in its tracks. But early diagnosis is crucial. The sooner treatment gets underway, the better the odds that "we can push off the need for dialysis, hopefully permanently," says Brad Rovin, a nephrologist at the Ohio State University Wexner Medical Center.
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Usually an antibody protein known as immunoglobulin A, or IgA, patrols the inner walls of the body's organs, blocking pathogens from entering cells. But in people who have IgAN, IgA is misshapen and not recognized by the rest of the immune system, prompting an attack against the perceived invader. When defective IgAs and their attackers bind, they aggregate into clumps that trigger inflammation in capillary networks in the kidneys called glomeruli. Inflamed blood vessels become scarred and unable to filter properly. The damaged kidneys leak proteins and red blood cells into the urine and allow too much salt and water to be retained in the body, raising blood pressure and putting undue stress on the remaining glomeruli.
For many, the first sign of the disease is urine turned bright red with blood. That typically happens after a cold or other virus. The virus increases immune activity, which ramps up IgA production and leads to an influx of new antibody clumps in the kidney. This inflammation damages the glomerular barrier, letting blood leak into the urine and "scaring the heck out of everybody," Rovin says.
Ideally, nephrologists would identify patients before the disease becomes this advanced. But that has been difficult. A simple urine test can hint at early warning signs, but it takes a kidney biopsy to prove conclusively that someone has IgAN rather than some other condition. For a biopsy, doctors must push a needle from the patient's back into one of their kidneys and pull out "two or three teeny pieces of tissue about the length of long grains of rice," says Melanie Hoenig, a nephrologist at Beth Israel Deaconess Medical Center in Boston. Then a pathologist looks for IgA deposits in these specimens.
When patients have few to no symptoms, a kidney biopsy seems like an expensive and unreasonable ask. So it's not done as often as nephrologists might like. In developing countries, the procedure is often not an option because of limited resources. But even in wealthier nations, doctors have hesitated to biopsy people with suspected cases of IgAN because--until the past few years--a confirmed diagnosis wouldn't change their treatment.
Until recently, doctors could offer only harsh immunosuppressing drugs or basic supportive care to people in late stages of the disease. Instead of getting a biopsy, patients would be treated as having "chronic kidney disease of unknown etiology," says Krzysztof Kiryluk, a nephrologist and physician scientist at Columbia University. "They would progress to end-stage renal disease without a proper diagnosis."
Without biopsy-confirmed data, it's difficult to pin down how common IgAN really is. Published estimates range from rates as low as 0.06 case per 100,000 people in South Africa to 4.2 cases per 100,000 people in Japan. Kiryluk suspects genetic factors drive differences in risk across racial and ethnic groups, noting that even in the U.S. "end-stage renal disease caused by IgAN is much more frequent among individuals of East Asian descent and rare among African Americans." Current survey data, however, almost certainly underestimate IgAN's true reach, he says, because they miss people who have the disease but weren't biopsied.
Kelepouris believes that for every person with a biopsy-confirmed diagnosis, many more have the disease and don't know it. And a significant fraction of these patients, she says, may be headed for kidney failure. She and other nephrologists argue that physicians should routinely screen their patients for IgAN, and it doesn't take a biopsy to do so. One basic screening tool, a urine dipstick test, can detect traces of blood and protein and is very inexpensive. In Asian countries, primary care doctors use dipsticks regularly to look for signs of kidney disease during physical examinations, and Kelepouris's patient was lucky that his U.S. doctors had done the same.
Some expert groups in the U.S. argue against urinary screening in asymptomatic people, however. They claim it isn't cost-effective. The U.S. Preventive Services Task Force, an influential panel of primary care experts, has stated that screening lacks proven benefits and could actually cause harm because ambiguous results will lead to unneeded further tests and treatment in healthy people. A growing number of nephrologists, however, don't buy into the excessive-harm argument. Dipsticks detect the presence of blood and protein with high accuracy, Rovin says. Jonathan Barratt agrees. Barratt, a nephrologist and professor at the University of Leicester in England, is widely considered one of the world's leading IgAN experts and says arguments against urinary screening are out-of-date, particularly in light of newly approved IgAN treatments. The USPSTF's latest kidney-screening guidelines were issued in 2012; according to its website, an update is now in progress.
Improvements in the therapeutic landscape compel a rethinking of screening for kidney diseases, especially in young adults.

Dipsticks, however, are a starting point, not a solution. They provide only semiquantitative information about protein or blood in a urine sample. If a dipstick test is positive, further lab tests to measure daily protein accumulations in urine can assess possible kidney damage and guide the next steps in the diagnosis.
One of those next steps, a potentially lifesaving one, could be a biopsy. For years medical guidelines advised doing the invasive procedure only if daily protein levels in the urine reached one gram or more. But in 2023 a large study in the U.K. showed that much lower protein levels were linked to poor outcomes. The research participants included nearly 2,500 biopsy-proven IgAN patients. Overall, the results showed that roughly a third of those with only moderate protein levels, ranging between 0.5 and 1.0 gram, died or developed kidney failure within 10 years. The finding marked an important turning point: doctors had previously thought such levels reflected mild or even benign conditions.
The standard was revised in 2025. The updated guidelines recommend a kidney biopsy for patients who leak half a gram of protein or more into their urine per day--a value that some nephrologists say is still too high. Kelepouris says she aims to keep urine protein levels in her patients below 300 milligrams. The man who brought his records to her office had test results showing 400 milligrams. When she asked for a biopsy, the pathologist pushed back. But Kelepouris's insistence helped her patient get the biopsy that showed he was in early stages of the disease.
Thanks to newly developed medications, recently approved for kidney disease by the U.S. Food and Drug Administration, it also helped him get effective treatment. Previously, patients with suspected or confirmed IgAN had few good options. Doctors advised lifestyle changes, such as low-salt diets and exercise, in addition to supportive care with blood pressure medications and, more recently, GLP-1 receptor agonists such as Ozempic (which improve blood sugar control and ease kidney stress) and SGLT2 inhibitors (which help flush out sugar and salt) [see "Kidneys Get the Diabetes Treatment."]
If urine protein excretion was consistently greater than one gram in a biopsy-proven patient, doctors might add a six-month course of high-dose prednisone, a steroid drug whose extended use can "have terrible side effects," Kiryluk says. Over months it can cause weight gain, changes in appetite, sleep disturbances and bone loss, and it elevates the risk of infections. (Short-term use, of about a week, is safe.) "Patients really hate it, so compliance is low," Kiryluk says.
Many drug companies weren't motivated to come up with alternatives because of the lengthy timelines required to prove a benefit. To pass muster with the FDA, they would need to show that a drug protected against end-stage kidney failure, and "most companies are not going to invest in a trial that might be 10 or 20 years long," Rovin says. "It doesn't make sense financially."
Frustrated by the lack of therapeutic options, the American Society of Nephrology teamed up with the FDA to create the Kidney Health Initiative, a cooperative forum for developing innovative treatments. The public-private partnership proposed a new pathway for accelerated approval of IgAN drugs. Instead of waiting for kidney failure to happen, companies had to show that a drug lowers protein levels in urine by 30 percent within the first nine months of treatment and that kidney-function decline slows for at least two years.

This change sparked a renaissance in IgAN drug development. Over the past five years there has been an explosion of late-stage clinical trials and approved therapies for people with the disease. "It has been like a continuous Christmas party," Rovin says. The approved drugs target the immunological machinery that inflames and scars the glomeruli.
One such medication, budesonide (marketed as Tarpeyo), won accelerated approval in 2021 and was granted full approval two years later. Although budesonide is a steroid, it doesn't affect the entire body like prednisone does. Instead it gets released only where IgA-producing B cells show up in the gut. Because it suppresses the immune cells that make faulty IgA, budesonide limits the deposition of antibody clumps in the glomeruli, thereby stanching the localized inflammation that gives rise to IgAN. "The drug allows other parts of the immune system to function normally," Rovin says. "That's a key innovation that keeps patients healthier."
Another targeted therapy, sibeprenlimab (Voyxact), was approved by the FDA for IgAN in November 2025. It blocks faulty IgA in a different way, Rovin says. Sibeprenlimab inhibits an immune protein called APRIL (for "a proliferation-inducing ligand"). Ordinarily, APRIL coordinates with B cells to ensure that IgA antibodies are properly balanced for everyday defenses. But when IgAN patients face a routine infection, the protein starts pushing B cells to crank out the antibodies, which, because they're abnormal in people with the illness, go on to form toxic clumps. Sibeprenlimab blocks that process--it inhibits APRIL, slashing IgA production so that fewer clumps lodge in the kidneys. During their respective clinical trials, targeted budesonide and sibeprenlimab both decreased urine protein levels by 31 to 60 percent.
How well these changes keep kidney failure and dialysis at bay must still be determined; companies are following treated patients over time. But Barratt says that improvements in the therapeutic landscape already compel a rethinking of screening for kidney diseases, especially in young adults. For many people in their 30s and 40s, early detection and the new medications could keep their kidneys healthy enough to stave off dialysis and kidney transplants. "We need to get these new drugs to patients as quickly as possible so we can protect kidney functioning," he says.
Kelepouris agrees. After her patient went on targeted budesonide, his urinary protein level dropped to 50 milligrams, a "tremendous response," Kelepouris says. "Now we have an opportunity to modify progression of the disease. Our goal is to shut dialysis units down."

Charles Schmidt has written for Undark, Nature, Science, NPR and the Washington Post, among many other publications.
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Ozempic and other new diabetes drugs revolutionize kidney treatment

Three types of diabetes medication are improving the outlook for patients with kidney disease

By Tara Haelle edited by Lauren Gravitz
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This article is part of "Innovations In: Kidney Disease," an editorially independent special report that was produced with financial support from Vertex.
More than one in seven people in the U.S. have chronic kidney disease, which was the ninth-leading cause of death worldwide in 2023. But until recently, just one class of drugs--called renin-angiotensin system (RAS) inhibitors--had been shown to slow progression of the illness, and even those medications were only modestly effective.
For decades researchers have been investigating whether other types of medications can treat the ailment. Because kidney health is inextricably intertwined with other conditions, particularly diabetes and cardiovascular disease, it seemed possible that drugs developed for those issues might also be useful for halting kidney deterioration. Medications known as GLP-1 receptor agonists--including the blockbuster drug Ozempic--were first developed for type 2 diabetes and have since gained prominence for treating obesity and cardiovascular disease. These drugs also have begun to revolutionize treatment for chronic kidney disease.
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They're not the only ones. A drug called finerenone, part of a drug class called mineralocorticoid receptor antagonists (MRAs), and another group of medications, inhibitors of a protein called SGLT2, also have shown success in preserving kidney function. Despite their similarities, however, each of these drug groups works differently. Today kidney specialists believe it's possible that combined treatment with all three types, together with RAS inhibitors, could add decades to the lives of people with chronic kidney disease. Because kidney patients also often have heart problems, diabetes and obesity, the drugs have a chance of treating multiple conditions.
"For the first time there's a realistic prospect of actually stopping kidney disease progression," says Maarten Taal, a nephrologist at the University of Nottingham in England. And the combinations raise hope of a day when the disease could actually be reversed, he says. "That's why these drugs are game changers, and the fact that they each work by a completely different mechanism implies that they will have an additive effect because they're not all doing the same thing."

Researchers began to identify the mechanisms that drive progressive kidney damage in the 1980s. No matter the cause--diabetes, high blood pressure, glomerulonephritis, autoimmune conditions, or something else--all kidney disease progresses over time, so scientists hypothesized that there must be common underlying processes. If they could find and inhibit those things, they could build therapies to treat a broad range of kidney diseases, Taal says. They discovered that a hormone called angiotensin was a "master regulator of the whole process," he says. Angiotensin can constrict blood flow, prompt people to increase salt and water intake, and retain more of those substances in their kidneys. It is often overactive in people with kidney disease. Scientists therefore developed RAS inhibitors that curb the production of angiotensin or its actions in the kidneys.
RAS inhibitors can reduce the risk of kidney disease by 15 to 50 percent, but they aren't enough. "Although they slowed progression, they didn't halt it," Taal says, and they didn't work in everyone.
Scientists returned to the drawing board, but success remained elusive. "We had 15 years during which there was just no progress. All sorts of other therapies were tried and found ineffective," Taal says. Nothing seemed to work.
Then, in 2019, results of a trial of an SGLT2 inhibitor drug called canagliflozin were presented at a conference. They were impressive enough that audience members stood up and clapped. The medication, initially approved in 2013 for type 2 diabetes, was the first SGLT2 inhibitor shown to protect the kidneys. The trial showed those who took the drug had much lower levels of creatinine protein in the blood (a sign of kidney damage). Death from renal or cardiovascular causes was also reduced, as was end-stage kidney disease, which meant fewer people needed dialysis or transplants. "The trial was stopped early because of its benefit," Taal says.
All the participants in that trial had type 2 diabetes. But the next SGLT2 inhibitor tested--dapagliflozin, in 2020--showed a similar benefit in kidney function in people without diabetes. Empagliflozin followed in 2022.
The empagliflozin trial was crucial because it included people at lowest risk, those who had low levels of albumin protein in their urine. (Albumin is another sign of kidney damage.) "That trial showed benefit across basically the entire spectrum of people with and without albuminuria," says David Cherney, a nephrologist at the University of Toronto.
The protein that SGLT2 inhibitors block moves glucose and sodium in the kidneys back into the blood. By preventing glucose from being reabsorbed, SGLT2 inhibitors force more of it to exit the body through urine, reducing overall blood glucose and modestly reducing body weight.

There was another benefit as well. "You're also blocking the reabsorption of some sodium," Taal says. Not only does that lower blood pressure, but it also helps to restore the kidneys' natural-feedback system for glomerular filtration. And SGLT2 inhibitors reduce pressure in the small blood vessels that filter out waste in the kidneys, thereby reducing stress and cell injury in them.
Lowering blood pressure in the kidney eases the physical force that pushes protein into urine, Cherney says, "and by reducing that pressure, it also reduces the mechanical distortion, distension and wall stress on the layers of cells that protect the kidney." This decrease, in turn, lessens the force responsible for fibrosis, a buildup of scar tissue that harms organs.
In combination with RAS inhibitors, SGLT2 inhibitors cut the risk of kidney disease progression by about an additional 30 percent. Taal says the evidence shows most people with chronic kidney disease should take them. One study predicted that in people with early-stage chronic kidney disease, adding SGLT2 inhibitors to an existing regimen of RAS inhibitors could increase the life of their kidneys by more than 20 years. "It's a game changer," he says.
"We need to up our game. Instead of just hoping to stop kidney disease progression, we need to try to reverse the process." --Maarten Taal University of Nottingham

The next drug to shift the landscape of chronic kidney disease came from attempts to halt or reduce fibrosis in heart failure patients. Finerenone emerged as a prominent antifibrosis candidate and was approved for chronic kidney disease in 2021 after a pair of studies showed it improved cardiovascular outcomes and reduced the risk of kidney disease progression.
Finerenone's mechanism differs from those of both SGLT2 inhibitors and GLP-1 receptor agonists, so researchers were keen to know how the drugs might work when taken together. The results of a study published in the New England Journal of Medicine last summer, testing the combination of finerenone and empagliflozin, have begun to answer that question, and it's good news. "The effects are additive, so if you get both, you get about double the benefit of one or the other," Taal says. "And again, that's all on top of being on a RAS inhibitor."
The exploration of GLP-1 receptor agonists followed. Initially developed to treat type 2 diabetes, the drugs provided benefits in weight loss and cardiovascular health that led to a randomized trial investigating potential kidney benefits. The trial showed that semaglutide--the GLP-1 receptor agonist used in Ozempic and Wegovy--reduced risks of kidney failure and renal or cardiovascular death.
It was the first study big enough to show that diabetes patients taking GLP-1 receptor agonists were less likely to end up on dialysis, need a kidney transplant or go into renal failure, says Mark Cooper, an endocrinologist at Monash University in Melbourne. Then came another study, called SELECT, which "confirmed this can occur even in the absence of diabetes," he says.
SELECT was a large study focused on obesity and cardiovascular disease in people without type 2 diabetes, but it included kidney outcomes as a secondary end point. The data showed that semaglutide reduced the progression of kidney disease by 22 percent across all subgroups of people enrolled.
More trials are now underway to look at not only GLP-1 receptor agonists but also other gut hormones, including GIP. Tirzepatide, the active ingredient in the drugs Mounjaro and Zepbound, is a hormone analogue designed to act on GIP and GLP-1 receptors. One ongoing trial is examining tirzepatide's effects on kidneys. Its results may show whether this kind of dual GIP and GLP-1 receptor agonist has different outcomes than GLP-1s alone.
Meanwhile some of the ongoing GLP-1 trials are aimed at understanding how these drugs benefit the kidneys. What scientists know so far is that GLP-1s are part Swiss Army knife and part black box: There are at least a dozen or so hypothesized mechanisms for how they're improving overall metabolic health and protecting organs across multiple body systems, but there's a lot researchers still don't know. "We don't have a really comprehensive, detailed understanding for most of what GLP-1 does," says Daniel Drucker, an endocrinologist at the University of Toronto. "The indirect mechanisms of weight loss, blood pressure control, reduced lipids and reduced inflammation may contribute," as may blood sugar control, he says.
"But that's definitely not the whole story," Taal says. Other potential mechanisms include increasing insulin production, increasing sodium excretion and decreasing inflammation. And recent data from a trial that Cherney is involved in, called REMODEL, show that semaglutide reduces damage to kidney blood vessel linings, decreases the activity of natural killer cells (white blood cells that destroy diseased cells), and increases fat loss from stores surrounding the kidneys. "The fat around the kidney is very metabolically active, angry and inflammatory fat," Cherney says. Getting rid of some of that fat may lead to the other improvements.

None of these drugs will be effective, however, if people don't know they have chronic kidney disease in the first place, something that applies to huge swaths of the population. So alongside the development of all these new drugs, nephrologists have been thinking about ways to increase awareness about chronic kidney disease so more people can begin benefiting from these medications, says Giovanni Strippoli, a nephrologist at the University of Bari in Italy.
People know that obesity and cardiovascular disease are serious health problems. "Chronic kidney disease is just as big," Strippoli says. The problem is that the general medical community, beyond nephrologists, hasn't really grasped the extent of the problem. If that awareness can be improved, with broader screening and diagnosis, and if these new drugs can be made available to everyone who needs them, "we can substantially reduce the burden of chronic kidney disease and prevent many of its most serious consequences," he says. "The armamentarium in the hands of a practicing nephrologist today is substantially improved. When you have more weapons, it's a lot easier to deal with a problem that is a potential killer."
In a big step forward, the World Health Organization recently listed chronic kidney disease as a major public health priority. The next step will be figuring out appropriate combinations of the new drugs and determining how much those combinations slow disease progression or whether they might even halt it. Because the newer drugs were all developed around the same time, there are not yet trials investigating simultaneous doses of all four classes--RAS inhibitors, SGLT2 inhibitors, GLP-1 receptor agonists, and MRAs such as finerenone.
"If you can get people to be delayed from dialysis by 10 years or even half that, that's still an unbelievable victory," Cherney says. Some of his patients receiving these therapies have improved to the point where urine tests show no protein, indicating that blood vessels in the kidneys have healed. Treatments that effective didn't exist before, Cherney says.
"We need to up our game," Taal says. "Instead of just hoping to stop kidney disease progression, we need to try to reverse the process." Evidence suggests that's biologically possible, he asserts, but until enough people with kidney disease have been tested on all four available drug classes, it will remain an open question. Cooper is hopeful there will be a positive answer. Researchers used to believe kidney injury "was inexorable--would just go on forever," he says. But now "we've been able to change [its] natural history. Now we believe you can repair a kidney."

Tara Haelle is a science journalist specializing in medical research and science communication. She is based in Dallas, Tex.
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A tool-using cow is challenging what we know about farm animal intelligence

A pet cow named Veronika uses a tool in a surprisingly sophisticated way--possibly because she has been allowed to live her best life

By Kate Wong edited by Andrea Thompson & Sarah Lewin Frasier
A pet cow named Veronika, who lives in Austria, has been shown to engage in flexible tool use.

 Antonio J. Osuna-Mascaro



In news that is sure to delight fans of a certain Gary Larson cartoon turned meme about the limitations of bovine cognition, cow tools are real.
Larson's 1982 comic for his series The Far Side showed a cow standing behind a table bearing an array of oddly shaped objects. The text below the image read simply "cow tools." Now a pet cow named Veronika has been documented not only wielding a tool but doing so in a surprisingly sophisticated way. The observation adds a new species to the growing list of creatures that have been found to use external objects to achieve a goal. It also hints that society has been underestimating the minds of farm animals.
The story begins more than a decade ago in the small Austrian town of Notsch im Gailtal, where organic farmer and baker Witgar Wiegele first saw his family's pet Swiss Brown cow, Veronika, pick up sticks and use them to scratch herself. When cognitive biologist Alice M. I. Auersperg of the University of Veterinary Medicine Vienna watched a video recording of Veronika's behavior, "it was immediately clear that this was not accidental," she said in a statement. "This was a meaningful example of tool use in a species that is rarely considered from a cognitive perspective."

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

[image: A grid of four images of a brown cow in a green field using a broom in different ways to scratch herself]Veronika the bristled side of a broom to scratch the top of her body and the smooth end to scratch more sensitive areas, showing an impressive command of the tools available to her.

Antonio J. Osuna-Mascaro



Auersperg and her colleague Antonio J. Osuna-Mascaro, a postdoctoral researcher at the same institution, visited Veronika and her human family, who welcomed the researchers with freshly baked bread and apple strudel. "Veronika is very friendly," says Osuna-Mascaro, who spent that summer observing her. "She also has a close bond with Witgar," he notes. "Not only does Witgar prepare and sell bread, he also distributes it around the area. It was interesting to see Veronika watching every passing car with interest and trying to guess if the driver was Witgar. If she thought it was him, she would moo with all her might."
The researchers analyzed how Veronika used one particular tool--a deck brush--to scratch herself. Observing Veronika's behavior over dozens of trials, the researchers found that she pushed the broom back and forth exclusively across the rear half of her body, including the rump, loin, udder and belly regions that would otherwise be difficult for her to reach. She precisely manipulated the broom with her mouth, using her tongue to lift it and her teeth to secure it in place. She targeted the thick-skinned upper areas of her body with the bristled end and the more sensitive underparts with the smooth stick end. She also scrubbed more vigorously on tougher parts of her skin and used gentle pushes on her delicate parts.

To the casual observer, using a broom to scratch an itch might not seem like an act of genius. But the way Veronika changed her grip on the broom and her movement of it in anticipation of the outcome calls to mind tool-using behaviors in the famously clever primates and corvids (crows and their kin). Moreover, the way she uses the two broom ends differently "constitutes the use of a multipurpose tool, exploiting distinct properties of a single object for different functions," Osuna-Mascaro and Auersperg write in their paper on the findings, published in Current Biology. Among nonhuman species, that kind of multipurpose tool use has been consistently documented only in chimpanzees.
Such abilities may be widespread in cattle. "We don't believe that Veronika is the Einstein of cows," Osuna-Mascaro says. Together with anecdotal reports of tool use in cattle from South Asia, the results hint that the capacity for complex problem-solving behaviors, including tool use, might have ancient evolutionary roots but that such behaviors emerge only when conditions are favorable.
[image: Vertical portrait of Veronika the cow]Antonio J. Osuna Mascaro



As a companion animal, Veronika, now 13 years old, has lived a long life in a stimulating environment. Notsch im Gailtal is "the most idyllic place imaginable for an Austrian cow, like straight out of The Sound of Music," Osuna-Mascaro says. He says the family contributed to Veronika's tool use by "providing the special conditions that enabled Veronika to express herself."
Although she learned to use tools on her own, starting with branches that had fallen from trees, Wiegele later furnished her with sticks and rakes that allowed her to perfect her scratching techniques. Most livestock animals, in contrast, live much shorter lives and spend their time in impoverished settings such as factory farms without access to objects that they can manipulate.
"This is fantastic! I applaud the authors, as well as Veronika," says primatologist Jill Pruetz of Texas State University, who was not involved in the new research. Pruetz studies how environmental factors influence the behavior of tool-using chimpanzees. She also has two companion cows of her own, Claire and Edith. "I am not completely surprised that cattle can use tools--after living in close proximity to my two cows for about seven years now, I have a lot more respect for bovine intelligence," Pruetz says. "What strikes me about Veronika's tool use is the precision with which she can manipulate the tool as well as switch its ends to target specific areas."
The new paper, Pruetz adds, illustrates the need for enrichment for the welfare of cattle. "There are around 1.5 billion heads of cattle in the world, and humans have lived with them for at least 10,000 years. It's shocking that we're only discovering this now," Osuna-Mascaro says. "We know more about the tool use of exotic animals on remote islands than we do about the cows we live with. But we are now starting to be sensitive enough to observe them and give, at least to a few of them, the life they deserve, one in which they have the opportunity to play, interact with objects, and discover how to use them on their own."
Discussions
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Kate Wong is an award-winning science writer and senior editor for features at Scientific American, where she has focused on evolution, ecology, anthropology, archaeology, paleontology and animal behavior. She is fascinated by human origins, which she has covered for nearly 30 years. Recently she has become obsessed with birds. Her reporting has taken her to caves in France and Croatia that Neandertals once called home to the shores of Kenya's Lake Turkana in search of the oldest stone tools in the world, as well as to Madagascar on an expedition to unearth ancient mammals and dinosaurs, the icy waters of Antarctica, where humpback whales feast on krill, and a "Big Day" race around the state of Connecticut to find as many bird species as possible in 24 hours. Wong is co-author, with Donald Johanson, of Lucy's Legacy: The Quest for Human Origins. She holds a bachelor of science degree in biological anthropology and zoology from the University of Michigan. Follow her on Bluesky @katewong.bsky.social
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The forest may be glowing--at least to deer

Deer antler rubs and hoof scrapes change how parts of the forest reflect short-wavelength light, perhaps leaving a glowing signal

By Anirban Mukhopadhyay edited by Sarah Lewin Frasier
[image: The silhouette of a white-tailed deer poses in front of a sunset on a grassy hill]Deer signposts may be extra reflective in twilight.

 Stan Tekiela/Getty Images



At dawn and dusk, forests often appear muted and nearly monochromatic to human eyes. But white-tailed deer might see a very different landscape: to them, the forest could be aglow.
Since at least the 1970s biologists have understood that deer leave scented signposts--spots where they have rubbed their antlers on trees or urinated on scrapes that they carve out of the ground with their hooves. But one group of researchers wondered whether these marks also provide visual messages.
The scientists used ultraviolet lights to scan and analyze 146 such signposts in Whitehall Forest in the state of Georgia. They found that although these spots look unremarkable in daytime lighting, they reemit blue-green light that deer can see when exposed to UV wavelengths common at dawn and dusk. This glow might happen at antler rubs because the action strips bark away, revealing lignin-rich inner wood that reemits the longer wavelengths in a way bark does not.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

"If anyone's seen a reflector on a tree, a rub is similar to that--though obviously not as stark," says study lead author Daniel DeRose-Broeckert, a biologist at the University of Georgia.
The visual contrast also intensifies as the breeding season approaches. In their paper describing the findings, published in Ecology and Evolution, the authors found that rubs made later in the season produced stronger photoluminescent signals, a pattern that coincides with rising testosterone levels and associated marking activity. Rubbing can both strip away bark to reveal fluorescent inner wood and deposit glandular secretions, either of which may contribute to the signal.
This shift in light is particularly relevant, the authors say, because the eyes of white-tailed deer have enhanced sensitivity to short- and middle-wavelength colors, which are common under low-light conditions.
Traditionally mammalian biofluorescence, such as the glowing fur of bare-nosed wombats and bandicoots, has been studied as a property of the animal itself. Biological material such as semen is also known to fluoresce under UV light. This work suggests that biofluorescence might be embedded in the environment as well, even if only subtly--contributing a largely unseen layer to how animals might be communicating.
Not everyone is convinced that these fluorescent contrasts would be visible to deer under natural conditions, however. "If humans do not see these markings under natural light, then deer are unlikely to see them," says Almut Kelber, a sensory biologist at Lund University in Sweden, who was not part of the study. Demonstrating a visual role would require behavioral tests that separate sight from smell, she adds.
DeRose-Broeckert describes the study as a first step--it documents that rubs and scrapes can generate contrast at wavelengths deer can see and lays the groundwork for future experiments with natural lighting.

Anirban Mukhopadhyay is an independent science journalist based in India. He has a Ph.D. in genetics from Delhi University and writes about science policy and cutting-edge biomedical research. Find him on X @onipedia and on LinkedIn.
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Jellyfish and sea anemones sleep just like us

Sea anemones and jellyfish don't have brains, but the way their neurons behave during sleep shows some surprising similarities to humans

By Claire Cameron edited by Andrea Thompson & Sarah Lewin Frasier
[image: Cannonball jelly (Stomolophus meleagris) agregation]Jellyfish like this one have neurons across their bodies that let them enter a sleeplike state.

 Humberto Ramirez/Getty Images



Jellyfish and sea anemones are curious creatures: these organisms evolved without a brain and, as scientists discovered in the past several years, don't need one to sleep. The animals do, however, have neurons--nerve cells that appear interconnected throughout their body. A new study shows that how these animals sleep is surprisingly similar to the way humans do, suggesting that humanlike sleep might have evolved before even the most primitive brains.
The findings, published in Nature Communications, also shed light on one of science's prevailing mysteries: Why do animals sleep? They add to past evidence from other animals and humans that sleep provides a "window" of downtime for maintenance on the brain and body, helping to repair DNA damage and maintain neuronal health.
"This confirms that sleep allows a window for key housekeeping tasks," says Philippe Mourrain, an associate professor of psychiatry and behavioral sciences at Stanford University who studies sleep and was not involved in the new study.

On supporting science journalism
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The work shows this function of sleep has been conserved across evolution, Mourrain says, from animals with some of the most complex brains, such as primates, to animals that have none, such as jellyfish and other cnidarians.
The researchers studied one jellyfish and one sea anemone species, finding that the jellyfish appears to enter a sleeplike state for around eight hours a day and generally at night--a schedule many humans might recognize. The sea anemone analyzed also appears to shut down for around a third of the day.
The study animals slept more when the researchers damaged their neurons, a finding that Mourrain says gives clues to what makes us fall asleep in the first place.

Claire Cameron is breaking news chief at Scientific American. Originally from Scotland, she moved to New York City in 2012. Her work has appeared in National Geographic, Slate, Inc. Magazine, Nautilus, Semafor, and elsewhere.
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Do monkeys make faces on purpose?

A new study suggests that primate facial expressions may not just be reflexive

By Cody Cottier edited by Sarah Lewin Frasier
[image: Close-up of a long-tailed macaque bearing its teeth]Macaques' expressions could be more than automatic.
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Facial expressions are central to social life, yet scientists still don't fully understand how the brain produces them. For decades one influential theory has held that what appears on a person's face is largely an emotional reflex--an honest, automatic readout of what they feel inside. But that view doesn't explain the fact that we often tailor our countenance to the moment: we've all smiled politely through a dull date or tried not to smile while holding a royal flush.
To find out what's going on in the brain as facial expressions arise, researchers turned to rhesus macaques, Old World monkeys with face musculature and neuroanatomy that are similar to that of humans. They recorded neural activity in the laboratory while the animals interacted with one another, with human experimenters, with digital avatars and with video of other macaques. The team's results, published recently in Science, came as a surprise: the monkeys' expressions, from a tooth-baring threatening face to a friendly "lip-smacking" one, were generated by both the medial cortex and the lateral cortex.
These two parts of the brain's frontal lobe were long thought to operate independently, the medial cortex dealing with spontaneous emotional expressions and the lateral cortex controlling voluntary actions. "Our study did not show that at all," says co-lead author Geena Ianni, a neurology resident at the University of Pennsylvania. "It showed that all regions participated in the production of all kinds of facial expressions."

On supporting science journalism
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[image: A macaque bars its teeth in front of a grassy background]Macaques' threatening grins and friendly lip-smacks may be partially intentional.
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The two regions did, however, run at different speeds. "The way they encode information has a distinct tempo," says co-lead author Yuriria Vazquez, a neuroscientist at the Rockefeller University. Activity in the lateral cortex shifted quickly, over milliseconds, to coordinate the rapid facial movements that make for smooth social interaction. In contrast, things happened at a more leisurely pace in the medial cortex, perhaps allowing it to track slow-changing contextual factors--such as "Has the alpha male stopped threatening me?"--that influence facial expressions. What's more, both neural patterns showed up before facial movements did, suggesting the brain prepares expressions in advance.
This all raises a question: Do macaques intentionally plan the faces they make? That's the interpretation that Bridget Waller and Jamie Whitehouse, evolutionary psychologists at Nottingham Trent University in England, explore in a commentary on the study. If facial expressions are partly voluntary, they may be less like emotional mirrors and more like "tools for social influence," as Waller and Whitehouse put it. At the very least, they seem to result from complex interactions between emotion and cognition.
Alan Fridlund, a social and evolutionary psychologist at the University of California, Santa Barbara, who was not involved in this study, has no trouble believing macaques wield their faces strategically. But he doubts that staged, lab-bound interactions can capture the full reality of primate communications or the neural activity underlying them; ideally, future research would take place in the monkeys' natural environment. Still, Fridlund says, the exploration "tells us in infinitely more detail how we can investigate the neurology of facial displays."

Cody Cottier is a freelance journalist based in Fort Collins, Colo, who frequently covers evolution and the environment.




This article was downloaded by calibre from https://www.scientificamerican.com/article/do-monkeys-make-faces-on-purpose



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Animals
          
          	
            Sections
          
          	
            Astronomy
          
        

      

      Arts

      
        Poems: Math limericks
        Science in meter and verse

      

      
        
          	
            Animals
          
          	
            Sections
          
          	
            Astronomy
          
        

      

    

  
	
	Articles
	Sections
	Next



Poems: Math limericks

Science in meter and verse

By Jeffrey Branzburg edited by Dava Sobel & Clara Moskowitz
[image: Illustration of a ring of sky with bunnies jumping on it.] Masha Foya



Infinity
I searched for the end of infinity
An activity of great affinity
I took a dry run
And kept adding one
But never quite reached the vicinity
Topology

On supporting science journalism
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A Mobius strip once departed
On a trip off to places uncharted
But it made a wrong turn
Only to learn
That it ended up back where it started
Fibonacci Series
He begins with a pair of young rabbits
Who mate every month (it's their habit!)
Two, three, five, eight, thirteen
An ongoing machine
Fibonacci exclaims, "Now I have it!"

Jeffrey Branzburg is a retired math teacher and educational technology consultant who worked with teachers and administrators on effective uses of computers and related technologies in the classroom. He was director of technology for the National Urban Alliance.
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What's the most distant galaxy? And why does it matter?

Record-breaking objects can tell us about the most powerful events in the cosmos--sometimes

By Phil Plait edited by Lee Billings & Clara Moskowitz
[image: An illustration of galaxies bursting from a glowing portal in warped spacetime.] Science Photo Library - MARK GARLICK/Getty Images



As a science communicator, I rarely go a full week without a press release hitting my inbox informing me of some new record-breaking object astronomers have found.
Sometimes it's the smallest planet yet discovered or the most iron-deficient star. But a very common claim is a distance record: the farthest galaxy from Earth ever seen, for example.
When it comes to these kinds of record breakers, I have complicated feelings, built over decades of writing about them. Such announcements must be parsed carefully because sometimes they're not that big of a deal--but sometimes they signal a sea change in what we can do or understand.
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Distance records are an excellent proxy for the state of the art in astronomy. Finding extremely faraway galaxies is hard. In general, objects appear smaller and fainter with increasing distance, so gigantic telescopes are needed to spot them at all.
Then comes the difficulty of actually determining their distance. We can't do this directly; it's not like we can hop onboard the starship Enterprise and keep our eyes on the odometer as we warp our way there. So we gauge distances in other ways.
The best-established method is to observe redshift: The universe is expanding, and as it does so, space sweeps galaxies along with it. Light leaving a distant galaxy loses energy as it fights that expansion, so by the time it reaches us, its wavelength has been stretched, which is what astronomers call a redshift. For historical (and mathematical) reasons, we say that a photon with its wavelength stretched out by a factor of two has a redshift of one; if the wavelength is three times longer, the redshift is two, and so on. Because the velocity at which a galaxy recedes from us is related to its distance, we can use the redshift of a galaxy to measure that distance.
That's not an easy task, either, because converting redshift to distance involves understanding some rather arcane features of the universe--such as how much normal matter, dark matter and dark energy it contains, to name only a few things. But we have accurate-enough numbers for those parameters to get a decent grasp on distances.
Distance records are an excellent proxy for the state of the art in astronomy.

And this is where "record-breaking" really comes in. I'll sometimes see a paper or announcement about a new galaxy that breaks the previous record--but it'll have a redshift of, say, 7.34, when the previous record was 7.33. That change is pretty small! And depending on your preferred values for cosmic parameters, the difference might add up to just a million light-years. In our example of an object at a redshift of 7.34, we're talking distances of around 13 billion light-years, so the record breaker is not exactly lapping the other galaxy. Also, we're not really learning too much about the nature of the cosmos when we simply find a galaxy that ekes out a win over another by a nose (or, I suppose, a spiral arm).
There are times, however, when such records do tell us something important.
When I was working on the Hubble Space Telescope in the late 1990s, it was becoming common to find objects with a redshift of around 6.0 because the observatory was designed, in part, to be able to see extremely distant galaxies. Hubble found some objects that might be even more distant, but many were difficult to confirm. Over time astronomers using this and other telescopes managed to glimpse galaxies even farther away by using clever techniques such as fortuitous gravitational lensing.
Then, in 2021, our capabilities took a giant leap with the launch of the James Webb Space Telescope. Its infrared eye is more sensitive to extremely redshifted objects, and its 6.5-meter mirror, huge for this kind of observatory, outmatches Hubble's smaller optics for gathering photons. Soon papers were published with claims of galaxies at redshifts of 10, 11, and even higher--and although many of those preliminary measurements wound up being spurious, several were ultimately confirmed out to redshifts greater than 14. This is one of those times when a record breaker is important: it's telling us we have a new way to observe the cosmos, which usually results in a new era of astronomical discovery.
For what it's worth, at the time of this writing, the record holder was a very luminous red blob of a galaxy called MoM-z14, with a redshift of 14.44. But by the time you read this, who knows?
These records have significant scientific meaning as well. For example, light travels very rapidly but not infinitely so. It takes billions of years for the light from these vastly removed galaxies to reach us, which means the farther away they are, the earlier in the timeline of the cosmos we see them. Any new record means we've added information about our knowledge of the early universe, and sometimes it even means we're seeing the universe in a different stage of its development.
For instance, when the cosmos was very young, it was opaque. But then, at some point, stars and supermassive black holes formed, spewing out energy and making it transparent. As we discover galaxies from that period, we can learn about the environment of space at that time, just a few hundred million years after the universe formed.
We also learn about galaxies themselves. Why do they shine so brightly at that age? They have supermassive black holes prodigiously feeding on infalling matter, but how did those black holes grow so big so rapidly? The more distant a galaxy we find, the more data we can apply in unraveling those mysteries.
Also, we can use that database of distant objects to learn about them in general. We might find that most distant galaxies have some average luminosity, with a few topping out a bit above that and none being brighter. That would tell us about the physics of galaxy formation, as well as how galaxies grow and emit light. If there is a single most brilliant distant galaxy, that fact could put firm limits on how they behave.
And there's another record that will be difficult to break or even verify. When we look back far enough, we won't see any more galaxies at all. Why not? Because they wouldn't have formed yet! It took a few hundred million years for galaxies to assemble themselves, with dark matter serving as gravitational scaffolding, allowing normal matter to gather and condense, collecting in colossal quantities that would eventually form nebulas, stars and planets. If we can see far enough into the distant cosmos, far enough into the past, we'll be peering back in time to before those structures even existed.
To be fair, we already have done this; microwave telescopes have detected the fireball of the big bang, the leftover light from the original expansion of the universe that fills the sky as a gently glowing long-wavelength background (a true distance record--it's at a redshift of about 1,000!). But there's a several-hundred-million-year gap between that moment and the time at which galaxies first started popping up, and we know very little about it. Every record breaker we find squeezes that boundary a little tighter.
The universe is lovely, dark and deep, but with our powerful telescopes and clever brains, we keep pushing farther into it. For that, I welcome every new record. At this point in our search, each one that's broken is a footstep into new astronomical territory.

Phil Plait is a professional astronomer and science communicator in Virginia. His column for Scientific American, The Universe, covers all things space. He writes the Bad Astronomy Newsletter. Follow him online.
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Here's what the autism spectrum really looks like

The autism spectrum is big, vibrant and complicated, a new graphic of 39 traits shows

By Allison Parshall & Amanda Montanez edited by Jen Christiansen & Clara Moskowitz
[image: Cropped image of a row of three colorful sunburst charts.] Amanda Montanez



Autism is a spectrum. This metaphor is a helpful way to explain why autism looks and feels so varied across different people. Since 2013 it's been baked into the name of the diagnosis itself, autism spectrum disorder (ASD). But what does this spectrum look like?
It's not simply a one-dimensional scale from "more autistic" to "less autistic," which would collapse so much of the diversity that the spectrum metaphor is meant to showcase. There is no single trait that defines autism: it encompasses differences in social communication skills, interests, sensory sensitivities, and more. Every person's profile is unique. These graphics, based on clinicians' evaluations of actual people using the Autism Symptom Dimensions Questionnaire, reveal a more nuanced "spectrum" of differences.
And this picture doesn't factor in how people's profiles change over time in response to treatments, life circumstances or age. It also doesn't measure individuals' overall cognitive ability, something researchers treat as a separate but important feature that can affect someone's particular constellation of traits.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Not all these characteristics are impairments that should be treated. "Someone not making eye contact is useful information for diagnosing autism," but it is not necessarily an appropriate target for intervention, says Ari Ne'eman, co-founder of the Autistic Self Advocacy Network and a health policy researcher at Harvard University. Many of these traits are best thought of as normal human variation rather than something to be treated or changed, Ne'eman says.
A spectrum in many dimensions
Each of the 39 wedges in the circle represents one question in the Autism Symptom Dimensions Questionnaire. The traits associated with each question (listed below) are grouped into key symptom factors--the main aspects of behavior that evaluators look for when they assess someone for autism.
[image: Graphic shows a chart resembling a color wheel with 29 wedges, each representing one trait from the Autism Symptom Dimensions Questionnaire. The traits are grouped by color into 10 key symptom factors including basic social communication, repetitive motor behaviors and restricted interests. Five concentric circular dotted lines represent possible scores of one to five, with five indicating a higher degree of neurodivergence. The 39 traits are listed alongside the chart.]Amanda Montanez; Source: "The Autism Symptom Dimensions Questionnaire: Development and Psychometric Evaluation of a New, Open-Source Measure of Autism Symptomatology," by Thomas W. Frazier et al., in Developmental Medicine & Child Neurology, Vol. 65, No. 8; August 2023 (data)



Variation across individuals
These charts represent questionnaire responses for three different autistic individuals. These data reflect each person's strengths and challenges at their current stage of development and may change over time.
[image: Graphic shows three circular charts modeled after the one shown in the previous graphic, each representing one autistic person's responses to the Autism Symptom Dimensions Questionnaire. On each chart, each of the 39 wedges extends out from the center of the circle to meet the dotted line representing the person's score for the trait associated with a specific item on the questionnaire.]Amanda Montanez; Source: "The Autism Symptom Dimensions Questionnaire: Development and Psychometric Evaluation of a New, Open-Source Measure of Autism Symptomatology," by Thomas W. Frazier et al., in Developmental Medicine & Child Neurology, Vol. 65, No. 8; August 2023 (data)





Allison Parshall is associate editor for mind and brain at Scientific American and she writes the weekly online Science Quizzes. As a multimedia journalist, she contributes to Scientific American's podcast Science Quickly. Parshall's work has also appeared in Quanta Magazine and Inverse. She graduated from New York University's Arthur L. Carter Journalism Institute with a master's degree in science, health and environmental reporting. She has a bachelor's degree in psychology from Georgetown University.

Amanda Montanez is senior graphics editor and been at Scientific American since 2015. She produces and art directs information graphics for the Scientific American website and print magazine. Montanez has a bachelor's degree in studio art from Smith College and a master's in biomedical communications from the University of Toronto. Before starting in journalism, she worked as a freelance medical illustrator. Follow her on Bluesky @unamandita.bsky.social
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The surprising science of tickling

Tickling may be evolutionarily ancient and recognized across cultures, but science has only scratched the surface of this topic

By Konstantina Kilteni edited by Daisy Yuhas
[image: A hand is delicately holding a feather and tickling the bottom of a foot.] jeremkin/Getty Images



When I walk into my laboratory on weekday mornings, it is not unusual to hear uncontrollable shrieks of glee or fits of giggles. Laughter is not traditionally thought of as the noise of neuroscience, but my research group is somewhat unusual. In the Touch & Tickle Lab, we invite participants to experience Hektor, the tickle robot, in the name of scientific progress.
In a typical visit, participants remove their shoes and socks and then sit in what looks like a dentist's chair. My colleagues and I position their feet on a platform, under which lies Hektor, a robot composed of three electric motors. During a tickle session, Hektor slides probes along the soles of the participants' feet, and they report back on just how much each stroke tickled on a scale of one to 10. Throughout this process, we track people's facial expressions, heart rate, muscle activity, breathing and skin conductance (which tells us if they are sweating). Electrodes placed on participants' scalps reveal their brain activity.
Being tickled is a sensation most of us instantly recognize, and some of history's greatest thinkers were fascinated by this odd phenomenon. Socrates described the feeling as a mix of pain and pleasure. Aristotle thought ticklishness was a consequence of humans' delicate skin. And Charles Darwin wrote extensively on the subject, hypothesizing that we may be most ticklish in spots that are not frequently touched and only in certain psychological contexts.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Today I and other neuroscientists are still puzzling over many fundamental mysteries: Does tickling have a biological function of some kind--and if so, why did we evolve to have this experience? What happens in our nervous system to cause this unique feeling? Why are certain areas of the body more sensitive than others? Why do people respond in different ways to potentially tickling touches? Answering these questions could expand our knowledge of the way the human body perceives and processes physical sensations. Tickling presents neuroscientists with an opportunity to study how complex systems of the brain and body, including those involved in emotion, movement and sensation, relate--all while answering questions that could help us understand differences in human behavior and development.
Tickling--what we scientists sometimes call gargalesis--may be an evolutionarily ancient behavior.

The research to date suggests tickling--what we scientists sometimes call gargalesis--may be an evolutionarily ancient behavior. Many primates, including chimps, bonobos, gorillas and orangutans, do it, too. And rodents show responses to certain forms of touch that may be relevant to tickling research. For example, when rats are stroked on their belly, they produce far more vocalizations than they do during gentle touch, and the stimulation seems to activate certain areas of the brain that also light up when humans are tickled.
Tickling also seems to transcend culture. In one study, participants with more than 20 cultural backgrounds, including people from the U.K., Poland, India and Hong Kong, listened to recordings of German speakers laughing spontaneously and could recognize which laughs were induced by tickling, as opposed to joy or schadenfreude.
Studies have led to several theories about how and why tickling might have evolved. It could simply be a reflex response with no clear function--perhaps it's just a by-product of the way our systems for perceiving touch have developed. Or it could help build social bonds between people, such as parents and children. Touch is an incredibly important social signal for our species that can help us communicate with one another and increase our feelings of closeness. Tickling could make us feel especially connected with others because it makes us laugh, a response that often accompanies pleasure.
Another theory is that tickling is a behavior our ancestors used to teach their young where to attack others or how to defend themselves in a fight. This idea draws on observations that the playful back-and-forth interactions involved in tickling children and young apes resemble a "mock battle" and that some of the ticklish areas of our body (for example, the armpit) would be vulnerable if attacked in a real fight.
Still, not everyone responds to being tickled in the same way--people with certain neurodevelopmental or psychological conditions may experience it very differently. For instance, in a study published in 2024, researchers in Japan observed that children with higher scores on tests for autistic traits were less responsive to being tickled and less likely to approach their parents with a positive emotional response to the tickling than their peers with lower scores. Such studies show how scientists can use tickling as a tool to understand differences among people that may one day illuminate important distinctions in how we process and perceive sensations.
People with schizophrenia may also experience tickling differently. When you make a movement--for example, to scratch your head--your brain can typically predict when and where parts of your body will make contact before it actually happens. This ability generally makes people feel their own touch on their body as less intense than when somebody else is touching them, and it's considered part of why most people can't tickle themselves. But certain people with schizophrenia struggle to predict and process the sensation of touching themselves. As a result, they perceive self-touch as more intense and more likely to tickle than do people who process touch in a typical way. Something similar can be seen in individuals with high scores for schizotypal personality traits, who tend to show unusual patterns of thinking and social behavior without meeting criteria for a mental disorder.
In our lab, we're currently investigating how and why the brain may cancel out some sensations of self-generated touch in certain people. As with our work with Hektor the robot, we hope our experiments help to create a clearer picture of the way people predict and perceive physical touch, unraveling some of the mysteries of tickling along the way. Behind every giggle, there's a fascinating bit of neuroscience waiting to be discovered.

Konstantina Kilteni is an assistant professor at the Karolinska Institute in Sweden and principal investigator of the Touch & Tickle Lab based at Karolinska and the Donders Institute for Brain, Cognition and Behavior in the Netherlands. Her research focuses on the cognitive neuroscience of touch.
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Universe in chaos, Earth's kids oddly fine!

Lurid headlines don't give American children enough credit

By David M. Ewalt edited by Jeanna Bryner
[image: Cover of the April 2026 issue of Scientific American against a blue background] Scientific American, April 2026



As a journalist, I love a punchy, even sensationalistic headline. The late Vincent A. Musetto's 1983 New York Post front-page crime-story zinger "Headless Body in Topless Bar" remains the apex of the art form, the kind of sublime wordplay that many of my fellow ink-stained wretches would rather have on their resume than actual journalism awards.
But even so, I was dismayed to see the lurid and exaggerated headlines that followed after neuroscientist Jared Cooney Horvath testified before the U.S. Senate Committee on Commerce, Science, and Transportation in January about whether screen time is affecting the cognitive development of American kids: "Gen Z Is the First Generation Dumber Than Their Parents," one popular news site shouted.
Horvath's testimony--and his recent book The Digital Delusion--made the argument that laptops and smartphones have undermined childhood education and caused falling test scores: "Gen Z is the first generation in modern history to underperform us on basically every cognitive measure we have," he said in the hearing, "from basic attention to memory to literacy to numeracy to executive functioning to even general IQ."

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

It's a reasonable argument (even if unproven), but it feeds directly into a far less reasonable, age-old "What's the matter with kids today?" narrative that delights unscrupulous headline writers as much as it rankles those of us who care about the data.
In this issue's cover story, "The Kids Are All Right," science journalist and Scientific American contributor Melinda Wenner Moyer digs into the actual numbers, and what she finds is surprisingly optimistic. Far from being a lost cause, today's youths are, in many measurable ways, doing better than their parents. Research suggests they are more open-minded and inclusive than previous cohorts, display higher levels of empathy than seen at almost any other point in the past four decades, and show significantly lower levels of drug use and violence. Moyer's reporting suggests that shifts in parenting--specifically, a move toward more emotionally literate interactions--may be raising a generation that is smarter, kinder and more self-aware than the ones before them were.
Some of you might have wondered why Moyer's story isn't featured on the cover of the issue you're holding. It's no April Fool's joke. We're trying a little experiment: our newsstand copies have a kid on the cover, whereas the subscribers-only edition features a stylized drawing of a spiral galaxy.
In our other cover article, "A Galactic Mystery," astrophysicist Maria Luisa Buzzo describes a cosmic conundrum that is keeping astronomers up at night: Scientists assumed galaxies are held together by dark matter because without that invisible material, all those stars would simply fly away from one another. So what is keeping together recently discovered dwarf galaxies that seem to have no dark matter at all?
Buzzo explores the detective story surrounding these ghostly objects and explains how they're forcing researchers to reconsider how galaxies form. One leading theory involves high-speed collisions between dwarf galaxies that separate visible matter from dark matter, a violent celestial divorce that leaves behind star-rich orphans that are poor in dark matter.
Elsewhere in the magazine, I recommend you check out evolutionary biologist Jacob S. Suissa's deep dive into the world of the corpse flower. This botanical monster, which smells like rotting flesh to attract carrion beetles, is a remarkable example of adaptation in action. It's a tale of gigantism, mimicry, and the strange, smelly paths that life can take to ensure survival. No fooling.

David M. Ewalt is editor in chief of Scientific American.
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Readers respond to the December 2025 issue

Letters to the editors for the December 2025 issue of Scientific American

By Aaron Shattuck 
[image: Cover of the December 2025 issue of Scientific American against a brown background] Scientific American, December 2025



MATERNAL MENTAL HEALTH
In "The Mother of Depressions," Marla Broadfoot reports on a new type of drug that offers better and faster treatment for postpartum depression. I am a postpartum depression and anxiety crisis survivor, and the article made me stop everything I was doing to give thanks for the work that continues on behalf of mothers and families.
My son was born in 2012. What followed for nearly the next year was what I can only describe as a nightmare of epic proportions. Without two things, I don't know if I would be here today. First, on our local NPR station, I heard a story about the then recently opened perinatal psychiatry program at the University of North Carolina School of Medicine. The team was able to place me immediately in a critical care outpatient program.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

I also had seen a flyer for our local maternal mental health support group Moms Supporting Moms. A year later I was a trained peer facilitator working our warmline (a phone service for nonemergency support) and meetings. And a few years after that, I was presenting with some of the incredible staff at Postpartum Support International.
Postpartum depression and anxiety survivors are truly the strongest people I know. My son just turned 13 last spring, and not a week goes by when I don't marvel at the fact that I am here and how grateful I am for that.
AMANDA CADRAN VIA E-MAIL
PLASTICS CRISIS
As a chemist who has worked in polymer science, I read Beth Gardiner's "The Pivot to Plastic" with deep concern. The environmental crisis associated with synthetic materials is real and urgent, but its nature is more complex than the term "plastics" suggests. What we are facing involves the entire spectrum of synthetic carbon-based materials, a vast family that is far broader and more diverse than that single word conveys.
It is essential to recall that these materials have also democratized access to technology and basic goods. Synthetic fibers, for example, transformed clothing from a scarce, expensive resource into something available to all. This achievement should not be forgotten, even as fast-fashion waste now poses one of our gravest challenges.
The influence of industry in creating this crisis is undeniable. Decades of prioritizing short-term gains have led us to a situation in which shifting from fuel production to ever increasing polymer output is not a sustainable strategy. Indeed, it risks being self-defeating. The industry itself is not the enemy, however. We all share this finite planet, and the very companies that helped to cause the polymer waste problem must also play a vital role in developing the solutions needed to overcome it.
There is no simple remedy. But the "three R's" rule--reduce, reuse and recycle--may serve as the compass to guide us. Progress will require strict regulation, a drastic reduction of production at the source, the design of materials that can be reused and recycled, and a realignment of economic incentives toward sustainable products and markets. Activism is vital, but lasting change will come from the combined force of education, informed journalism, scientific research and democratic institutions--much as it did with tobacco, chlorofluorocarbons (CFCs) and industrial pollution.
JUAN CAMPORA INSTITUTE FOR CHEMICAL RESEARCH, SPAIN
CANCER VACCINES
It has been 60 years since I was in graduate school, where I recorded mouse melanoma cells using time-lapse micrography. Now the exciting potential for personalized vaccines to control pancreatic cancer and possibly other cancers such as melanoma, as described by Rowan Moore Gerety in "Your Personalized Cancer Vaccine," has given hope for those with these deadly diseases. It is appalling that federal funding for mRNA vaccine research has been put on hold or canceled. Secretary of Health and Human Services Robert F. Kennedy, Jr., should be held accountable for the unnecessary suffering and death this will cause.
TIM HANNERT BELLAIRE, MICH.
BOTS AREN'T BUDDIES
In "Are AI Chatbots Healthy for Teens?" [The Science of Parenting], Elizabeth Englander discusses the dangers of teenagers using "chatbot companions."
As a teen today, I am no stranger to using artificial intelligence. But I have spent much more time with my real friends and have come to understand, through my own experience, that no robot will ever be able to replace time spent making real connections with real people.
The rise of AI and technology in general has made parenting today's young people much more complicated, especially when it comes to spending time with friends. Most kids want to stay inside, chatting either with real people online or with AI. To combat this, parents should teach their kids that AI is a tool and nothing more.
AI is not going away; it is a rapidly growing industry, and children need to know how to use it safely and effectively. Children should not be allowed to have "friendships" with chatbots. Their relationship with AI should be made to be professional, with AI kept around as a tool, not a friend.
JACK FESLER VIA E-MAIL
ANCIENT MORAL PHILOSOPHY
In "The Neuroscience of Morality" [November 2025], Elizabeth Svoboda presents some findings on a topic well worthy of consideration: moral character and the psychology of character development. The subject is so worthy, in fact, that it has been a central concern of moral philosophers for at least two and a half millennia. The findings Svoboda reports are well worth repeating, and their relationship with known neurophysiological processes informative, if not surprising.
I'd like to add that these matters, except for the neuroscience data, were studied and understood in much greater detail by the ancient Greek thinkers. Outstanding examples are provided by Plato's dialogues--the Meno, The Republic and the Crito, among others--to which one must of course add Aristotle's Nicomachean Ethics. (Svoboda does in passing allude to Plato's arguments regarding the definition of virtue in the Meno.) There is much we can still learn from these pioneers.
EVAN FALES DEPARTMENT OF PHILOSOPHY, UNIVERSITY OF IOWA
CLARIFICATION
"Human on a Bicycle," by Allison Parshall and DTAN Studio [Graphic Science; November 2025], noted that bicycles let us coast without putting in power by pedaling. This is possible because the wheels and bearings roll with low friction.

Aaron Shattuck is a senior copy editor at Scientific American.
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A clever math shortcut could reveal your problem-solving superpower

Mental math shortcuts suggest future STEM performance--and gender is a significant predictor

By Emma R. Hasson edited by Sarah Lewin Frasier
[image: A person with chalk at a blackboard solves a math problem] k_samurkas/Getty Images



What is 29 + 14?
Some readers may solve the problem procedurally: line up the two numbers, add the ones column, carry the one, and add the tens to get 43. Others might instead notice a creative shortcut: 29 + 14 is the same as 30 + 13, a much easier sum to calculate. Recent studies show that the less likely someone is to use procedural solutions, the better they tend to be at more abstract problem-solving--and gender is a significant predictor.
In a new study, researchers asked a group of 213 students from one Midwestern U.S. high school to do three arithmetic problems. Only 18 percent of the boys used the procedural method for all three questions, compared with 52 percent of the girls. And those who rarely used a procedural algorithm were significantly more likely to succeed on problem-solving questions.

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

"Honestly, [the results] blew me away," says Indiana University Bloomington mathematics education researcher Sarah Lubienski, a co-author of the study, published in the British Journal of Educational Psychology. They are "the most interesting findings of my career," she adds. And that was before Lubienski and one of her co-authors realized that another group had reached almost identical conclusions in a similar study with 810 U.S. adults. The researchers decided to team up for a two-study paper. "Together we felt like it made a pretty compelling argument that we need to pay more attention to how people are approaching computation from a young age," Lubienski says.
[image: Graphic shows and describes steps of one possible shortcut for each of three math problems.]Amanda Montanez



The team found that students who reported a greater desire to please their teachers, a trait that skews heavily female, were more likely to solve problems procedurally--that is, the way the teacher instructed them to. This tendency could factor into a long-standing paradox in math education: girls often have better math grades than boys, and girls and boys perform similarly on state assessments, but girls lag behind on high-stakes testing such as the SAT and beyond, especially with tasks that involve solving problems they've never seen before. The same studiousness that helps girls get ahead in school may be holding them back later on. The researchers also found that creative problem-solving was correlated with stronger spatial skills, specifically, with being able to rotate objects in one's mind--an ability that Lubienski says can be learned.
[Test your calculation creativity with this math puzzle.]
"What I find exciting is that [the paper] points to potentially malleable mechanisms--not just 'girls do X, boys do Y' but why those differences might emerge," says education researcher Joseph Cimpian of New York University, who was not involved in either study. "The issue may be not ability but rather the interaction of instruction, classroom norms, anxiety and what students believe is expected of them."
Even if you're no longer in high school, it's never too late to improve your problem-solving skills and practice thinking outside the box, Lubienski says. "Try to solve math puzzles in Scientific American," she suggests.

Emma R. Hasson is Scientific American's Games ace and a Ph.D. candidate in mathematics at the City University of New York Graduate Center with expertise in math education and communication. Hasson was also a 2025 AAAS Mass Media Fellow at Scientific American.
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Can ultraprocessed foods be addictive? A neuroscientist weighs in

A neuroscientist explains how highly processed foods may be key to "food addiction." She also reveals some solutions

By Lauren J. Young edited by Jeanna Bryner & Clara Moskowitz
[image: Portrait of Alex DiFeliceantonio.] Shideh Ghandeharizadeh



Articles in this report were published with editorial independence. The collection was made possible by the support of WVU Rockefeller Neuroscience Institute.
The recent surge in the use of GLP-1-agonist weight-loss drugs has propelled addiction-adjacent terms such as "food noise" and "food cravings" into common vernacular. Now some neuroscientists and food-behavior researchers are trying to understand whether food--particularly ultraprocessed foods--can actually be addictive in the same way as other known substances such as cigarettes, alcohol and cocaine.
Potentially addictive foods are often "created in a way that is most palatable and most delicious," says Alex DiFeliceantonio, an appetitive neuroscientist at Virginia Tech. "When you look at the food environment, those items tend to be ultraprocessed."

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Scientific American spoke with DiFeliceantonio about research unpacking whether food addiction is real, whether certain types of foods might have more addictive qualities and how related eating disorders can be addressed.
An edited transcript of the interview follows.
What does it mean to have a food addiction?
When we're thinking about food addiction and looking qualitatively at what people are eating when they are saying they can't stop eating, we have to put it in the framework of a substance use disorder. These disorders affect life in an untenable way. Food addiction isn't in the Diagnostic and Statistical Manual of Mental Disorders (DSM) like substance use disorder is, but there is a proposal to have it put in the DSM.
We typically look to the Yale Food Addiction Scale for clinical evaluation. The scale was designed to assess the same criteria as for substance use disorder in the DSM. The scale also contains what we call clinical indicators that a person is experiencing symptoms of an addiction and that those symptoms are poorly affecting their life--impacting things such as their ability to engage in social situations or engage in aspects of work. If we accept that food addiction exists--if we apply the Yale Food Addiction Scale to large, population-level studies and do it internationally across multiple countries--we generally find that around 12 percent of people experience it.
A variety of factors can lead to an addiction behavior. And the most common is the addictive potential of the substance combined with the vulnerability of the person. We think about both of those things with food, too: ingredients that could have addictive potential and the people who could be most vulnerable. We also look at food attributes, such as a high refined-carbohydrate content, which is known to trigger reward pathways in the brain.
Other aspects of criteria for substance use disorder include loss of control over intake and highly patterned intake. That's what we see in binge-eating disorder. Binge-eating disorder and food addiction are not the same thing, but they share similarities. If we look at the foods people report consuming when they binge eat, they tend to be things that would be classified as ultraprocessed--pizza, ice cream, candy, chips. They're very rarely things such as fruits, nuts or beans.
What do you consider an ultraprocessed food?
There are multiple definitions. I would say the one that has been studied most, and what we use in my laboratory, is the NOVA ["new" in Portuguese] definition; it has four levels, and the fourth is ultraprocessed foods.
The NOVA level-four foods contain ingredients or involve processing methods that are not available to home cooks. You can think about additives such as stabilizers, cosmetic additives that enhance color or flavor, or emulsifiers to maintain texture. If you add vitamin D or calcium--types of nutritional fortification--that doesn't make a food a NOVA ultraprocessed food by itself. "Ultraprocessed" can also refer to foods produced by an industrial method, such as starch slurries that are extruded, puffed, subjected to high heat or molded in ways you really couldn't achieve in your kitchen.
Why might ultraprocessed foods in particular fire up reward pathways in the brain?
The current scientific thinking is that we have one reward system, and lots of different things can be rewarding. All addictive drugs increase dopamine in the striatum [a brain region under the cerebral cortex that is involved in motor and reward processing]. This has been the dogma since 1988, when pharmacologists Gaetano Di Chiara and Assunta Imperato published a paper on it. It's the same thing with certain foods. If you infuse sugar and fat into the oral cavity of an animal, you see an increase in dopamine. If you infuse these things directly into the animal's gut, you also see increases in dopamine. There is no agreed-on threshold for it; we don't say a substance that is addictive must increase dopamine in the striatum by x amount.
Modern ultraprocessed foods started to become widespread in the U.S. around the 1950s. Those foods act on a reward system that evolved to deal with natural rewards from the environment.
When we're thinking about food addiction, we know there are certain levers or ways to highly activate the reward system, and ultraprocessed foods seem to access the most levers. They elevate levels of sodium, fat and refined carbohydrates in the body. And this is aided in various ways--with emulsifiers, with texture changes, with flavor changes. Ultraprocessed foods are made to be the most palatable, the most delicious. We don't think about broccoli as an addictive substance; we think about foods that contain enough of these potentially addictive nutrients in combination to be addictive substances.
[image: Illustration of boxing glove punching junk food to illustrate kicking the food addiction habit.]Ultraprocessed foods such as donuts and pizza are particularly rewarding to a person's brain.
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How might GLP-1-agonist medications such as Wegovy and Ozempic factor in?
We still need more data on this, but what people report about the GLP-1 drugs is that they experience less "food noise." It is not surprising that the medication also works through other, seemingly more food-specific mechanisms, through satiety mechanisms that make people feel full. Some of the reduction in food intake is because of an increase in nausea and satiety, but the other thing we're still figuring out as a field is what proportion of it is from this change that occurs in the reward system.
You have conducted a small study of young adults aged 18 to 25 who consumed a diet high in ultraprocessed food. What changes in eating habits did you see?
What we found, I think, is really interesting. We did two test conditions: for two weeks, participants consumed meals with either 81 percent of calories from ultraprocessed foods or 0 percent of calories from ultraprocessed foods. All subjects ate both diets, which were nutritionally matched, and there was a four-week washout in between.
In one test, participants went to a buffet meal after each of the diet periods and could eat as much as they wanted. We found that the older group (aged 21 to 25) didn't eat any more after the ultraprocessed diet than they did after the minimally processed one. But the younger group consumed more at the buffet after the ultraprocessed diet than after the other diet.
In another test, called the absence-of-hunger test, the participants were presented with snacks or time to play on their phone. After the ultraprocessed diet, younger participants ate more snacks. So they were consuming more even when they weren't hungry. This is mindless snacking.
The study didn't directly measure addictive behavior, but it demonstrates how ultraprocessed food can lead to behavioral change. We plan to publish a similar study looking into what foods have an addictive profile and what that looks like for different people.
Why might some people experience more addictive-type behaviors around ultraprocessed foods than others?
We know of genetic variants that put people at greater risk for nicotine use or for finding cocaine addictive; we know about genetic variants for alcohol use disorder. But we don't know them for food addiction. This is, I think, where the field is right now, and where my lab really wants to make progress is in this understanding.
Why does "food addiction" ignite debate?
It's a really thorny one. In the context of substance use disorders, we are moving from things you don't have to do to survive [such as drink alcohol] to something you do have to do to survive. You have to eat. So it's really difficult to think and talk about food as an addiction.
One pushback I hear is that we don't want to overpathologize everything. But I think that if about 12 percent of people in a population are telling you they have a problem, maybe we should look at it, or we should at least give it some concerted study and determine what it is. People also say it's a behavioral addiction--you are not addicted to food as a substance; you are addicted to the act of eating. But that argument falls down pretty quickly when you look at what people are eating. If you were addicted to the act of consuming, you would be eating things that were hard or crunchy or that required a lot of work to consume. And that's not really what we see. We see people losing control over intake for items that are high in fat and sugar and refined carbohydrates.
I also think a lot of the pushback is a moral tie--if you're addicted to food, you're a bad person. For the most part, a lot of people have let this idea go. We understand that alcohol use disorder, for instance, isn't caused by a failure of willpower. People with that disorder cannot overcome it, and we have to help them. I'm always bringing that level of compassion to food addiction, too.
If ultraprocessed foods are truly addictive, what are some treatments? How should those treatments be implemented on societal and individual levels?
When someone has a substance use disorder, part of the treatment is for them to avoid the context in which they use that substance and the cues it involves. In our environment, how do we tell someone not to engage with food? It's impossible. People are bombarded by food cues everywhere, especially for ultraprocessed foods.
Addiction is societal and behavioral. We decide what drugs are illegal. We decide at what age people have access to potentially addictive substances. Artificial refinements of foods--added pure sugar or fat, combinations of fat and sugar that don't occur in nature--also activate our reward system. At what level is a rewarding substance one that we are willing to regulate as a society?
You need to eat to survive, but you don't need the majority of ultraprocessed foods for human survival, food security and national security. We do have to process foods for national security reasons. We don't have goiters or rickets, because we fortify foods with essential micronutrients. Canned vegetables and frozen fruit are good for food security, but you don't really need to have extremely sugary cereal advertised to children. Those two separate worlds can exist.
I feel like a lot of times this gets framed as "you're taking away people's food when you regulate it." To quote Nora Volkow, head of the National Institute on Drug Abuse, "drugs rob the brain of the capacity to exercise free will." We want to make decisions for our own health and for the health of our families. When we're dealing with an addictive substance, you are no longer in control of that decision. That's where it's important to have policy in place. You're not taking something away; you're putting up guardrails and helping people make informed decisions--because you can't make an informed decision about an addictive substance you're taking.

Lauren J. Young is associate editor for health and medicine at Scientific American. She has edited and written stories that tackle a wide range of subjects, including the COVID pandemic, emerging diseases, evolutionary biology and health inequities. Young has nearly a decade of newsroom and science journalism experience. Before joining Scientific American in 2023, she was an associate editor at Popular Science and a digital producer at public radio's Science Friday. She has appeared as a guest on radio shows, podcasts and stage events. Young has also spoken on panels for the Asian American Journalists Association, American Library Association, NOVA Science Studio and the New York Botanical Garden. Her work has appeared in Scholastic MATH, School Library Journal, IEEE Spectrum, Atlas Obscura and Smithsonian Magazine. Young studied biology at California Polytechnic State University, San Luis Obispo, before pursuing a master's at New York University's Science, Health & Environmental Reporting Program.
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April 2026: Science history from 50, 100 and 150 years ago

A quorum of quarks; asbestos surprises

By Jeanna Bryner 
[image: Illustration of the red fire fish.]1876, The Red Fire Fish: "The singularly weird-looking fish shown in our engraving is a native of the Indian Ocean, and it is represented in all parts of the tropical seas of the eastern hemisphere, on the coasts of Africa, India, Ceylon, New Guinea and Australia."

 Scientific American, Vol. 34, No. 17; April 1876



1976
Science Textbook Controversies
"In 1969 the California Board of Education issued new guidelines for the biology curriculum of the state's public schools. The guidelines included a statement that the Book of Genesis presents a reasonable explanation of the origin of life and that the concept of special creation should be given 'equal time' to and taught alongside the concept of organic evolution.

On supporting science journalism
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"How have comparatively small groups of people who believe in special creation been able to insist that their belief have a place in public education? In some respects, these textbook critics are part of the romantic resistance to science that is reflected in the popularity of astrology, mystical cults and the imaginary cosmologies of Immanuel Velikovsky and Erich von Daniken. They are also part of a political resistance to science that is reflected in increased social action against innovation and in the demands for lay participation in scientific and technical decisions."
A Quorum of Quarks?
"The hypothesis that certain subatomic particles are made of simpler things called quarks was introduced more than a dozen years ago, when there was almost no evidence to support it. In the past two years or so that evidence has begun to appear. When two particles collide at high energy, a shower of other particles is created, including some that are hadrons. If quarks did not exist, the hadrons would be expected to fly away from the collision randomly in all directions. The quark theory predicts, however, that the hadrons will be emitted in narrow 'jets' oriented perpendicularly to the line of motion of the colliding particles. Earlier experiments that attempted to test this prediction were inconclusive. It has recently been confirmed for three kinds of collision by extending the measurements to higher energy.
"Even among those who are convinced that quarks exist there has been little agreement about how many there are. In the original theory there were three kinds. In 1964 a fourth quark was proposed, bearing the property called charm. One possibility that cannot be excluded is that the spectrum of quarks does not stop at four. On the other hand, if the list does not stop at three and does not stop at four, there is no obvious reason why it should stop at six."
1926
New Arenas of Sport
"The astonishing growth of popular interest in collegiate football has been one of the most remarkable developments in the history of American sport. Fifteen or twenty years ago, 10,000 spectators was considered a remarkably large crowd to attend a football game. Today crowds of up to 80,000 gather for important games during the football season, and the fact that the number of spectators is not larger still is due to the impossibility of providing seats for all who desire to attend. The almost universal material of construction, wood, has made way for steel and concrete; the individual spacing is more generous, and the slope of the tiers of seats has been so carefully determined that one can be seated anywhere in a vast auditorium and be sure of a perfect view of the playing field.
"The building of such a stadium is a very large undertaking. For instance, the California Memorial Stadium, recently completed on the University of California campus, has a seating capacity of 78,000, making it one of the largest in the country, rivaling that of the famous Colosseum of ancient Rome. It involved an expenditure of $1,250,000."
As of 2026, the largest U.S. college football stadium, Michigan Stadium, can hold up to 107,601 spectators.
1876
Industrial Uses of Asbestos
"Asbestos is a mineral fiber, composed of silicate of magnesia, silicate of lime and protoxide of iron, and manganese. The material is obtained from the mines in forms ranging from bundles of soft silky fibers to hard blocks. The blocks may be broken up and separated into fibers, which, like those naturally obtained in that state, are extremely flexible, admit of great extension in the direction of their length without cracking, are greasy to the touch, and very strong.
"It is curious that, although the valuable qualities of asbestos have been known since time immemorial, it is only during recent years that the mineral has been extensively used. Its employment among the ancients was confined to the manufacture of an incombustible cloth in which the bodies of the dead were cremated, and of napkins which were cleansed by throwing them in the fire. Not long ago, we learned of its entering into a peculiar quality of wallpaper made in Rome, Italy. With these few exceptions, asbestos has occupied the position of a mineralogical curiosity, a product reasonably certain someday to find its place in human economy, but nevertheless one which inventors seemed systematically to overlook."
[image: Three covers of Scientific American from April 1976, 1926 and 1876]


Jeanna Bryner is executive editor of Scientific American. Previously she was editor in chief of Live Science and, prior to that, an editor at Scholastic's Science World magazine. Bryner has an English degree from Salisbury University, a master's degree in biogeochemistry and environmental sciences from the University of Maryland and a graduate science journalism degree from New York University. She has worked as a biologist in Florida, where she monitored wetlands and did field surveys for endangered species, including the gorgeous Florida Scrub Jay. She also received an ocean sciences journalism fellowship from the Woods Hole Oceanographic Institution. She is a firm believer that science is for everyone and that just about everything can be viewed through the lens of science.




This article was downloaded by calibre from https://www.scientificamerican.com/article/april-2026-science-history-from-50-100-and-150-years-ago



	
	Articles
	Sections
	Next





    
      
        
          	
            History
          
          	
            Sections
          
          	
            Machine Learning
          
        

      

      Language

      
        Science crossword: Disappearing act
        Play this crossword inspired by the April 2026 issue of Scientific American

      

      
        
          	
            History
          
          	
            Sections
          
          	
            Machine Learning
          
        

      

    

  
	
	Articles
	Sections
	Next



Science Crossword


By Aimee Lucido 
This crossword is inspired by the most recent issue of Scientific American. Read it here. Print readers, check your answers by selecting "Assist" above and then "Reveal Grid" or by selecting "Print" and then "Solution."
We'd love to hear from you! E-mail us at games@sciam.com to share your experience.

Aimee Lucido makes crosswords part-time for several outlets and writes trivia full-time for Bloomberg's news quiz, Pointed. She is also the author of several books for kids, including Emmy in the Key of Code, Recipe for Disaster, and Pasta Pasta Lotsa Pasta. Lucido lives with her husband, daughter and dog in New York.
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AI techniques speed up forensic analysis of crucial crime scene larvae

Molecular patterns and machine learning can pin down crime scene maggots

By Rohini Subrahmanyam edited by Sarah Lewin Frasier
[image: Conceptual illustration of a skull with a magnifying glass for an eye] Thomas Fuchs



A mass of writhing maggots on a decomposing murder victim is not a sight for the squeamish, but for some, it is evidence. A maggot's age and species can give essential information to forensic entomologists investigating murders. (A single wriggling horse fly maggot, for instance, found on a dead body far from water, gave entomologists in 2022 a key lead to where the body came from.) Combing through these fly larvae, investigators can potentially learn when and where a crime happened, whether the body has been moved or whether toxins were involved.
For example, blowflies are among the earliest insect colonizers of corpses; they typically sniff out and lay eggs on a dead body within minutes to hours. How fast the maggots (also called larvae) develop depends on heat, humidity, and the insect's species and sex. To use this evidence, investigators typically must grow the larvae until adulthood in a laboratory setting and then identify them, either visually or by genetic sequence. But what if the larvae are dead or missing, there's no high-quality DNA or there isn't the time--or equipment--to sequence the flies' genomes? "People in a crime lab simply do not have the resident expertise or the resources to be able to routinely conduct DNA analysis on insect evidence," says Rabi Musah, a bioorganic chemist at Louisiana State University.
To tackle these challenges, Musah and other researchers have combined machine-learning algorithms with methods such as infrared spectroscopy and chemical profiling to quickly pinpoint maggots' species and sex. Such tools could help experts rapidly identify the maggots without the larvae's DNA or without the larvae altogether, only what they leave behind--saving time and money usually spent in sequencing. They could also help investigators take measurements at the scene of the crime itself to determine larval sex.

On supporting science journalism
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Musah measured the chemical profiles, called the metabolome, of insect eggs, larvae and pupae using a type of mass spectrometry--a technique that can tease apart molecules called metabolites based on their mass and charge. With these data, she and her team are building a large metabolome database for most of the insects that colonize decomposing remains. Her team's machine-learning algorithm trained on the data would let investigators using a mass spectrometer, which is less expensive and much easier to use than a DNA sequencer, reliably match a new chemical profile to an insect species in less than five minutes.
A similar approach can work even without the larvae themselves. Sometimes people come across fully decomposed bodies many months or years after a murder. By that time the larvae are long gone, Musah says, and the only remaining insect evidence is the hard shell-like exteriors of the pupae, tools of metamorphosis discarded after the larvae become adult flies.
It's impossible to identify pupae coverings with the naked eye, and in many cases, the DNA contained within them is too old and degraded for sequencing. But as Musah's group reported in a recent paper in Forensic Chemistry, their method--of chemical fingerprinting followed by machine-assisted classification--works with casings, too. Finding the chemical profile of casings can even reveal toxins in the victims' bodies because the larvae tend to store them in their pupal coverings. (The rate of molecular breakdown might also someday point to the casings' ages.)
Other groups are also trying to use machine learning to catalog crime scenes' larval visitors: for instance, a team of Texas A&M researchers recently developed a method that combines infrared measurements from a handheld device with machine learning to identify blowfly larvae's sexes.
Male and female larvae develop at different speeds and can help investigators pinpoint when they first colonized remains, but their sexes are indistinguishable by eye. To identify sexes, investigators can crush the larvae and amplify their DNA using PCR, which is time-consuming, renders the larvae useless for any further studies, and has only an 80 percent chance of working correctly. Aidan Holman, a Texas A&M toxicology graduate student, and his colleagues set out to find larvae's sexes without having to mash them up.
After first rearing the male and female larvae separately, Holman's group used a handheld infrared spectroscopy device to "zap" them and measure the light released. The proteins, fats and other molecules that make up the larvae scatter the light in unique ways, generating a specific "spectral signature" based on sex. The researchers then trained a machine-learning model on this spectral data and found that it could predict the larvae's sex with more than 90 percent accuracy. Next, they will collect data from a much bigger selection of flies to train their model.
Murdoch University forensic entomologist Paola Magni, who is not involved in either project, emphasizes that these machine-learning databases will need to be officially vetted, as DNA sequence banks are, so results aren't later overturned legally. And use of AI more broadly in this process can be risky, she adds. "The flip of the coin of artificial intelligence can become very dangerous in a forensic context because you can really cause a miscarriage of justice," she says. Plus, she and Musah both highlight that more research is needed into how other substances in the body might skew molecular markers--and Musah is pulling data from across as large and global an insect sample as possible to find the markers that remain constant. "The enhancement and expansion of the database involves a never-ending process," Musah says.
Texas A&M forensic entomologist Jeff Tomberlin, who was also not involved in either project, believes that cutting-edge methods like machine learning should be integrated into forensic case work. But, he notes, their long-term accuracy, precision and potential biases need to be carefully studied as well. "We're in the infancy of applying these methods in this particular realm," he says. "So if you think of it like an arc, we're at the beginning of the arc."

Rohini Subrahmanyam is a biologist turned science journalist. She loves writing about interesting creatures on our planet. Subrahmanyam received a Ph.D. from the National Center for Biological Sciences at the Tata Institute of Fundamental Research in India. Follow her on X (formerly Twitter) @rohsubb and on LinkedIn, and see her portfolio here.
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Math Puzzle: Tricky calculation


By Emma R. Hasson 
Using only the numbers 1, 2, 3, 4, 5 and 6 and the mathematical operations addition, subtraction, multiplication and division, can you arrive at the value 456? You may use each number at most once in your full solution, and parentheses are permitted.
There are many solutions to this problem. Here's one:
3 x (6 + 2) x (4 x 5 - 1)
Breaking that calculation down, you get
6 + 2 = 8
8 x 3 = 24
5 x 4 = 20
20 - 1 = 19
24 x 19 = 456
Bonus challenge: What is the closest you can get to 456 if you are required to use division? What if you are required to use all the operations?


We'd love to hear from you! E-mail us at games@sciam.com to share your experience.

Emma R. Hasson is Scientific American's Games ace and a Ph.D. candidate in mathematics at the City University of New York Graduate Center with expertise in math education and communication. Hasson was also a 2025 AAAS Mass Media Fellow at Scientific American.
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Doctors keep patient alive using 'artificial lungs' for two days

Novel artificial lungs could help keep people whose lungs no longer function alive long enough to get an organ transplant

By Jackie Flynn Mogensen edited by Claire Cameron & Sarah Lewin Frasier
[image: Side by side x-rays. The image on the right is foggy white]X-rays show a patient's chest with lungs in place and then removed. An artificial system kept him alive for two days without any lungs.

 Northwestern Medicine



In 2023 thoracic surgeon Ankit Bharat was working at Northwestern Memorial Hospital when he was drafted to help a 33-year-old influenza patient who was on the verge of death. Bharat recalls that the man had developed a secondary infection from one of the "most dreaded bugs" in the hospital, Pseudomonas, and had been put on a ventilator. The patient's lungs were filling with fluid and pus, his kidneys were failing, and his heart was barely working, Bharat says. "He was actively dying."
Then the patient's heart stopped. "We got him back--but it was very clear we had to do something right away," Bharat says.
The man needed a double-lung transplant, but there was a problem: he was too sick for Bharat and his colleagues to attempt the operation. But Bharat knew that without a working set of lungs, the patient would die regardless. He had already been on a life-support system called extracorporeal membrane oxygenation (ECMO) to oxygenate his blood, but that treatment can't sustain a patient without lungs in their body, Bharat says.

On supporting science journalism
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So Bharat and his team worked up a plan: they would build "artificial lungs" that could help pump blood from the right side of the patient's heart to the left side, oxygenate it and send it on to the rest of the body.
[image: Two doctors perform surgery on a patient]Chitaru Kurihara (left) and Ankit Bharat (right) operate on the patient, removing his damaged lungs and attaching the artificial lungs.

Northwestern Medicine



Bharat likens the novel system to adding a bridge to a highway: like interstate traffic, blood travels from the right side of the heart to the lungs, then to the left side of the heart and then throughout the body. With no lungs, the highway hits a dead end. Bharat's artificial lungs literally bridged the gap--moving and oxygenating blood in place of the patient's lungs, which were removed. And to prevent a "traffic jam" on that bridge, Bharat's team also built an "exit" road for blood to return to the right side of the heart.
The system kept the patient alive for two days, effectively lungless, letting him begin to recover from the infection. "It was almost like a curse or something that just got lifted," Bharat says. "And suddenly everything started to heal."
The patient was placed on the lung transplant candidate list--and just hours later he had a donor. The team completed the transplant, and after some extra weeks of recovering in the hospital, the man was discharged, weak but alive.
Now, more than two years later, "he's doing great, by the way," Bharat says.
Systems similar to Bharat's artificial lungs have been described by doctors before, says Matthew Hartwig, a professor of surgery at Duke University, who was not involved with the patient's care. But Bharat's method, he says, offers "a novel approach" to "the same problem that everyone is facing" in the field. The process is described in a paper published in the journal Med.
Bharat hopes his lung system can be used at other hospitals as a "nuclear option" to save patients who are critically ill. "We have described all the lessons that we've learned in that paper, how we came up with every single configuration, what is the rationale behind it, and anybody can replicate that," he says. "There is nothing proprietary about this."
He hopes it could ultimately mean there will be more success stories like that of the patient he helped save in 2023. "Even at the end of the day, if we save one extra life, we'll be happy with that," Bharat says.
Discussions

We're looking to host the most interesting science conversations on the web for this topic.




Jackie Flynn Mogensen is a breaking news reporter at Scientific American. Before joining SciAm, she was a science reporter at Mother Jones, where she received a National Academies Eric and Wendy Schmidt Award for Excellence in Science Communications in 2024. Mogensen holds a master's degree in environmental communication and a bachelor's degree in earth sciences from Stanford University. She is based in New York City.
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Spaceflight supercharges viruses' ability to infect bacteria

Viruses develop tricks to attack bacteria without the help of gravity

By K. R. Callaway edited by Sarah Lewin Frasier
[image: electron micrograph of Escherichia coli (top); The ISS pictured from the SpaceX Crew Dragon (bottom)]Escherichia coli bacteria went up against viruses on the International Space Station.

 Cavallini James/BSIP/Universal Images Group/Getty Images (top); NASA (bottom)



Bacteria and the viruses that infect them are perpetually at war. Their deadly clashes push both kinds of microbes to evolve new traits that meet the challenges of every environment they inhabit, from the human digestive tract to the seafloor's hydrothermal vents--and even the harsh conditions of space.
To see how microgravity changes certain microbes, researchers sent bacteria-infecting viruses called bacteriophages to the International Space Station, and they found that the viruses adapted in ways that made them even more effective at infection.
In the experiment, detailed in PLOS Biology, the team incubated specimens of common lab bacteriophage T7 alongside its foe, Escherichia coli bacteria, for varying durations. They ran the same experiment on Earth and in space; the terrestrially reared viruses infected bacteria within two to four hours, but those in space took more than four hours to breach bacteria's defenses. The infection took longer in orbit because microgravity is an unfamiliar stressor to which both microbes must adapt, the researchers suggest.
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Once the viruses adapted to microgravity by subtly shape-shifting, though, they became even more effective bacteria killers. "A simple microgravity experiment exposes these mutations that have much higher efficacy against pathogens," says senior study author Srivatsan Raman, a chemical and biological engineer at the University of Wisconsin-Madison.
The difference between Earth and space may have to do with mixing. "Under normal gravity, fluid motion continually stirs the environment, increasing the chances that viruses and bacteria will meet," explains Ester Lazaro, an astrobiologist who was not involved in the study. "In microgravity, this natural mixing is drastically diminished or disappears altogether." To overcome this lack of mixing, microbes grown in low gravity changed on a genetic level. The bacteriophages gained mutations that slightly change the shape and structure of their outer membranes, for example, helping them grab onto the bacteria they're attacking.
On their return to Earth, the space viruses were placed alongside a different strain of E. coli that's responsible for particularly stubborn urinary tract infections and frequently resistant to bacteriophages. The evolved viruses were able to kill that bacterium, which Raman says is "really quite promising." If exposing these bacteria-targeted viruses to new environmental stressors makes them more potent, scientists might be able to create versions strong enough to help the body fight treatment-resistant bacteria.
"T7 is one of our iconic model organisms, so there's a lot known about this bacteriophage," says Evelien Adriaenssens, a researcher at the Quadram Institute in England, who was not involved in the study. "It was cool to see that if you go into a different environment, there's still new knowledge that comes up."

K. R. Callaway is an editorial intern at Scientific American. She specializes in science, health, history and policy.
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Music even makes you blink to the beat

Rhythmic tunes trigger synchronized eyeblinks and automatic bopping or swaying, new research suggests

By Jesse Greenspan edited by Sarah Lewin Frasier
[image: Conceptual illustration of a blue woman character, with musical notes for eyes] Thomas Fuchs



Music makes people move and groove, often in surprisingly involuntary ways. As it turns out, we even blink in time to the beat, researchers report in PLOS Biology. "Our eyes--which we usually think of as purely visual organs--spontaneously dance to the rhythm of what we hear," says study co-author Du Yi, a cognitive neuroscientist at the Chinese Academy of Sciences in Beijing. Additional research showed certain songs cause a tendency toward either "bop" or "sway" movements.
Using a high-speed eye-tracking system, Du and her team were "stunned" to discover nonmusicians instinctively blinking in sync with the beat structure of Bach chorales (though not on every single beat, she notes, which would be "quite exhausting"). Du suspects the effect would persist for any music with a "strong groove," not just Bach.
Synchronized blinking faded when the researchers sped up the Bach chorales to 120 beats per minute. It also disappeared when the study's participants were asked to detect a red dot on a screen, implying that active listening is required. "It isn't that the music 'loses its magic' when we're distracted but rather that the brain reallocates its rhythmic resources to whatever we are focusing on most," Du says.
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Blinking to the beat came as no surprise to Elizabeth Margulis, director of Princeton University's Music Cognition Lab and author of an upcoming book on "musical daydreams." After all, she notes, music activates the motor areas of the brain. Even if we're just sitting still--and not bopping our heads, tapping our feet or dancing--"there can often be this sense of motion," Margulis says. People tend to synchronize their steps to the beat at the gym and drive faster when listening to pulsing, absorbing songs, she notes. Those with Parkinson's disease, meanwhile, are known to walk more steadily when music is playing.
Even voluntary music response seems to have an instinctual aspect. Shimpei Ikegami, a music psychologist at Showa Women's University in Tokyo, asked four Japanese pop musicians to compose short musical excerpts, some designed to elicit vertical up-and-down bopping movements known as tate-nori and others designed to elicit horizontal side-to-side swaying movements called yoko-nori. Sure enough, when undergraduate nonmusicians listened to songs with a strong beat and abrupt changes in sound, they spontaneously felt like bopping. And songs characterized by a smooth timbre and mild sound changes made them want to sway.
To Ikegami, who presented his findings at a recent conference, this suggests that the music instructs us on how to move--and that runners and Parkinson's patients, for example, might get better results with vertical music, whereas horizontal music lends itself to stretching and yoga. In general, he says, our playlists could be "much more targeted" to take advantage of powerful innate reactions to pumping up the volume.

Jesse Greenspan is a San Francisco Bay Area-based freelance journalist who writes about history and the environment.
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The Pentagon is looking to nuclear waste for power

A Rhode Island start-up is working to recycle spent nuclear fuel into long-lasting power systems for the military

By Sarah Scoles edited by Eric Sullivan
[image: A robotic arm reaches down through 70 feet of water to move a spent nuclear fuel rod inside the open core of Energy Northwest's reactor.]Project Omega plans to mine spent nuclear fuel, like this rod inside the open core of a Washington State reactor, to power military hardware.

 Richard Dickin/Tri-Valley Herald/Tribune News Service via Getty Images



Every atom is a coiled source of power. But some atoms pack more punch than others. The radioactive elements fueling nuclear reactors can be coaxed into generating so much power that in the mid-1950s Lewis Strauss, then chair of the U.S. Atomic Energy Commission, predicted electricity would soon be "too cheap to meter."
Civilian nuclear power fell short of that utopian hype, but it succeeded in creating a lot of waste. This residue is not the glowing green sludge of popular imagination, although it is dangerous: some components of spent fuel remain thermally hot for years and radioactive for millennia.
To some countries, that pulsing energy is a potential resource. Project Omega, a Rhode Island-based start-up that emerged from stealth mode in February, wants to take that trash and make it new again.

On supporting science journalism
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"What we do today is take that spent fuel out of the reactor, put it into a pool of water for a few years just to let it cool down, and then put it onto a concrete pad next to the reactor," says Stafford Sheehan, Project Omega's founder and CEO. He wants to move the waste from the concrete pad to a bath of hot salts, extract the useful elements and feed them back into nuclear reactors--or into other technology such as long-lived sensors that power military satellites.
Mining this atomic rubbish is particularly attractive for military applications. Vehicle convoys, for instance, are vulnerable targets. Radioactivity could power them, no refueling required. Remote outposts could use advanced reactors running on reprocessed fuel. The federal government wants to increase the country's, and the military's, nuclear capacity. But it lacks the infrastructure to recycle the output.
Vehicle convoys are vulnerable targets. Radioactivity could power them, no refueling required.

Sheehan wants to seize on the opening. "Nuclear is having a moment," he declares: in May 2025 President Donald Trump signed executive orders encouraging the development of advanced reactors, even directing the Department of Defense to build one at a domestic military base. But as things stand, their waste, and the energy locked inside it, will be buried. "It's a totally missed opportunity," Sheehan says.
Other countries are exploiting it. France, China and Russia reprocess their nuclear toss-offs, using an acid-based method to sift out useful elements.
The U.S. abstains, largely because of proliferation concerns. Standard reprocessing of radioactive waste produces a stream of pure plutonium. Plutonium is the magic bean of nuclear weapons. Making more of it increases the risk of it spreading, something the U.S. has fought against for decades. "We made arguments to various partners--allies--that because we don't recycle, you don't need to recycle, either," says Jenifer Shafer, a former Department of Energy employee, now at the Colorado School of Mines. "That put us in a position where we, from a political standpoint, maybe tied our hands a little bit."
Yet the U.S. still needs nonplutonium radioactive elements, such as specialized isotopes for medical use and fuel for its own reactors, so it often buys the fruits of foreign labor. "We have been procuring a lot of those isotopes from Russia," Shafer says. This dependence is a strategic choke point: if Moscow turns off the tap, vital American hardware will never leave the ground. Project Omega proposes an in-house supply of recycled material--without the same plutonium risk--which would make the U.S. more self-sufficient without making it hypocritical.
Project Omega plans to use a different process: a molten salt reaction. The company heats a salt such as lithium chloride until it liquefies, then mixes it with the waste, a toxic cocktail of metal oxides of radioactive elements. A chemical process transforms them into pure metals. These metals go into another molten salt bath to extract uranium, and then final processes in the saline hot tub pull out other elements. The company's approach is a cross between an aluminum smelter and an oil refinery. It still produces plutonium, but the element remains chemically trapped in a messy soup of other materials--not so useful for anyone trying to sneak a nuke.
It's not easy work. The end product is more unruly than the output of plutonium-uranium reduction extraction, the standard acid method. The process also generates oxygen, which corrodes equipment. But Shafer suggests that R&D dollars could solve both problems. Slowing down the waste stream reduces the need to call Russia for radioactive material and allows civilians and the military to get the most bang for their uranium buck.
Once revived, the waste comes in a few forms. The leftover uranium could go back into reactors. The lesser isotopes, in Project Omega's vision, could power small devices. "Think about an iPhone that never dies," Sheehan says, a bit grandly.
The Pentagon may have a different kind of always-on in mind. Plans in the works could require isotopes to power sensors in space, autonomous drones that could stay aloft for months and computers processing intelligence data. For soldiers disconnected from the grid, power would be one fewer problem to worry about.
To make it work, Project Omega wants government partnership. It is making progress; the company recently received an award letter from the Defense Advanced Research Projects Agency. And for now the "hot" work happens through a partnership with the DOE's Pacific Northwest National Laboratory.
Project Omega recently built a microprocessor power source using the isotope strontium-90 in conjunction with a national lab, where government scientists inserted the device's actual hot commodity. The microprocessor worked. And no green sludge leaked out.
Editor's Note (3/27/26): This article was edited after posting to correct the image caption.

Sarah Scoles is a Colorado-based science journalist and a contributing editor at Scientific American. Her newest book is Countdown: The Blinding Future of Nuclear Weapons (Bold Type Books, 2024).
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Mysterious tower fossils may come from a newly discovered kind of life

Towering Prototaxites ruled Earth before trees--and they may have been a form of life entirely new to science

By Cody Cottier edited by Sarah Lewin Frasier
[image: A brown tower juts up from a green landscape with mountains and clouds in the sky in the background]Reconstruction of Prototaxites taiti, which could reach the height of a telephone pole, growing in the 407-million-year-old Rhynie chert ecosystem.

 Matt Humpage, Northern Rogue Studios



Before trees came along some 400 million years ago, our planet's landscape was dominated by enigmatic, spire-shaped life-forms that towered more than 25 feet above the ground. Fragments of these trunklike organisms were discovered among fossils collected in 1843. Yet despite more than a century of speculation, scientists have struggled to answer the most basic question about Earth's original terrestrial giants: What were they?
According to a recent study, that may be because they belonged to a previously unknown branch of life.
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The first person to examine this biological misfit did so in 1856, and in 1859 he dubbed it Prototaxites, which means "early yew." The name stuck, even though experts soon realized the organism wasn't a tree at all. Maybe it was some kind of land-based kelp or a megalithic mushroom? "It feels like it doesn't fit comfortably anywhere," says Matthew Nelsen, a senior research scientist at the Field Museum of Natural History in Chicago, who was not involved in the new study. "People have tried to shoehorn it into these different groups, but there are always things that don't make sense."
Over time two main hypotheses emerged: either Prototaxites was an ancient fungus, or it fell into a category all its own. Now, after comparing fossils from these cryptic organisms with fossil fungi from the same rock deposit, the authors of the new study, published in Science Advances, conclude that Prototaxites was probably a distinct lineage. That would place it on equal footing with the other recognized kingdoms of life: those of plants, animals, fungi, protists, bacteria and archaea.
[image: A marble-looking chunk of fossil with a large white curved area in the middle with tiny black spots]A fossil specimen of Prototaxites taiti shows its spotty internal structure.

Laura Cooper, University of Edinburgh



Prototaxites was composed of interwoven tubes, giving it a superficial resemblance to fungi. But the anatomical similarities end there. The researchers found that the tubes inside Prototaxites branched wildly, whereas the threadlike hyphae in modern fungi follow more orderly patterns. Plus, the researchers detected no chemical trace of chitin, a polymer found in the cell walls of all living fungi and in the fossil fungi that were preserved alongside Prototaxites. "It doesn't seem to have any of the characteristic features of the living fungal groups," says the study's co-lead author Laura Cooper, a Ph.D. student at the University of Edinburgh.
This finding wasn't totally unforeseen. In a 2022 paper, Nelsen and his co-author, paleobotanist Kevin Boyce of Stanford University, argued that "if Prototaxites was indeed of fungal origin, it may represent part of an extinct lineage"--in other words, it already stood apart from other fungi. Boyce is agnostic about where Prototaxites truly belongs, and he isn't prepared to cast it out of the fungal kingdom yet. But he notes that even if the organism is merely an oddball fungus, it independently evolved a unique form of complex, multicellular life. "No matter what," Boyce says, "it's something weird doing its own thing."
[image: A cutout of a landscape showing rocks, moss with a brown tower jutting up from the middle]Prototaxites taiti towers over the surrounding landscape in a paleoenvironment reconstruction of the 407-million-year-old Rhynie chert hot spring ecosystem.

Matt Humpage, Northern Rogue Studios



Cooper argues Prototaxites "was so fundamentally different from the fungi we see today" that "trying to shove it in with the fungi is not productive." Even if this study settled the question of taxonomy, there would be much left to learn. Previous work by Boyce suggests that Prototaxites might have played an ecological role much like that of fungi: consuming decayed organic matter. Little organic matter was available in its time, yet in a world of knee-high plants, these organisms grew as tall as telephone poles. "How that actually works energetically," Cooper says, "is still a complete mystery."

Cody Cottier is a freelance journalist based in Fort Collins, Colo, who frequently covers evolution and the environment.
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Should women get testosterone boosts?

Supplements of this hormone are sold to increase sex drive. But the change may be tiny

By Lydia Denworth edited by Josh Fischman
[image: Conceptual illustration for article about women and testosterone supplements.] Jay Bendt



This article was made possible by the support of Yakult and produced independently by Scientific American's board of editors.
More than 20 years after menopausal hormone therapy fell out of favor, it is having a renaissance. There is better clarity on the benefits and risks of estrogen and progesterone for women of a certain age. Women are also demanding more attention to their needs. All of this helps to explain the exploding popularity of a related supplement: testosterone. Social media would like us to believe that if estrogen can relieve a woman's hot flashes, testosterone can make her hot in bed. But is it true?
Like estrogen and progesterone, testosterone occurs naturally in women and men, although relative levels of these hormones differ by biological sex. Women have about one-tenth the amount of testosterone that men have. Estrogen and progesterone are particularly important for female reproductive functioning. But surprisingly, "testosterone is not necessarily any less important," says obstetrician and gynecologist Jill Liss, who's on the faculty at the University of Colorado Anschutz medical school.
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In women and men, testosterone affects strength and body composition. It also influences brain pathways tied to sexual motivation and reward and increases blood flow and sensitivity. "We have extremely good data on the effects of testosterone on nearly all aspects of sexual function in women," says OB-GYN James Simon of the George Washington University School of Medicine and Health Sciences. When used on the skin in a cream or gel, testosterone can increase desire, arousal, orgasmic function and sexual responsiveness, according to a 2019 Global Consensus Position Statement by experts in menopause and sexual health.
So far, so hot in bed. But experts caution that not every woman should go out and get testosterone. The 2019 paper recommended it only for postmenopausal women suffering from very low sexual desire that causes distress (clinically called hypoactive sexual desire disorder, or HSDD). A 2021 companion paper offering clinical guidelines extended the supplement recommendation to women at late reproductive ages who are unlikely to get pregnant. Testosterone supplements for a woman who might get pregnant are dangerous because they bring a risk of masculinization of female fetuses. And in any case, treatment "should keep someone in the normal range for women of reproductive age" for the hormone and not go higher, says Sharon Parish, an internist at Weill Cornell Medicine. She researches menopause and sexual health and is a co-author of both papers.
"Testosterone can be a useful tool. I certainly prescribe it, but it is not a panacea of youth and strength." --Jill Liss OB-GYN

Also, despite the focus on menopausal women in research and treatment, testosterone is really "menopause-adjacent," Liss says. Estrogen drops off a cliff at menopause, but testosterone often starts to decline a decade earlier, by the early 40s. In addition to risks to female fetuses if someone that age gets pregnant, higher doses of testosterone, beyond typically occurring levels, can cause virilization: a deeper voice, excessive facial hair and receding hair at the top of the head, plus changes in muscle mass. To date, no studies have found associated cardiovascular or cancer risks, but, notably, none have extended past 24 months.
Furthermore, testosterone therapy is not where clinicians start when treating low libido, Liss says. HSDD requires a full evaluation of possible physical, psychological and social causes. Standard menopausal therapy such as estrogen supplementation can help improve sexual function by reducing pain and discomfort. And additional testosterone doesn't help everyone, perhaps because it circulates in low doses in women to begin with. "The effects of testosterone in women may be small and therefore difficult to demonstrate" compared with the effects in men, Simon says.
Nor is there good evidence yet of other reputed benefits in women such as sharper cognition, general well-being or improved bone density. As is often the case, the buzz about testosterone on social media has gotten ahead of the science, Liss says. "Testosterone can be a useful tool. I certainly prescribe it, but it is not a panacea of youth and strength."
Even if women want testosterone, it's not very easy to get. There were black-box warnings about cancer on female hormone therapy until the U.S. Food and Drug Administration recently removed them. They were based on one 2002 study that was halted early because of an observed increased risk of breast cancer and heart disease. Researchers and the agency now think the warning was an overreaction because the study focused on older, sicker individuals. Testosterone was not part of that particular research, but it suffered guilt by association.
In 2004 a testosterone patch for women who had had hysterectomies was shown to be effective, but it was rejected by the FDA, mainly over concerns about cardiovascular risks, even though such harms had not been clearly shown, Simon says. Barriers to approval for a testosterone product for women in the U.S. are now so high that few drug companies have since tried to surmount them.
Because of all this, women in the U.S. have only a few options. They can go online (with physician oversight) to get the world's only approved testosterone product for women, made by a drug company in Australia called Lawley Pharmaceuticals. Or physicians can (and do) prescribe products intended for males but instruct their patients carefully on reducing dosage appropriately. ("Compounded" testosterone, a preparation handmade by pharmacists, is not recommended, because its potency can vary dramatically.)
Testosterone may not quite live up to the hype, but it is clearly helping some women and their partners.
Editor's Note (3/24/26): This article was edited after posting to improve clarity.

Lydia Denworth is an award-winning science journalist and contributing editor for Scientific American. She is author of Friendship: The Evolution, Biology, and Extraordinary Power of Life's Fundamental Bond (W. W. Norton, 2020) and several other books of popular science.
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Humans 'catch' fear from robots that breathe like they're scared

Fuzzy, fast-breathing robots can make humans more afraid

By Simon Makin edited by Sarah Lewin Frasier
[image: Scared person holding a scared fluffy robot] Thomas Fuchs



We've all instinctively clung to another person when frightened, if only as a child clutching our mother's hand. But if that person is scared, too, this behavior may not have the desired calming effect. And a new study, published in the journal Emotion, suggests that a robot that mimics human breathing can also pass on frightened feelings.
The researchers developed round fluffy robots with motorized ribcages that can simulate breathing by expanding and contracting. More than 100 participants held these robots, which breathed in a stable pattern, in an accelerated "fearful" manner, or not at all, while the participants watched a scary clip from The Shining.
The team found that the heart rates of people holding hyperventilating robots increased the most, compared with those holding chilled-out or stationary robots. Participants reported that they perceived the robots as "afraid," supporting the idea that they had "caught" the robot's emotional state. "It's the first study to show we can exacerbate emotion experiences using breathing robots," says psychologist Zachary Witkower of the University of Amsterdam, who led the study. "It has implications for understanding human-robot interaction."
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Interaction between humans and robots is usually studied through visual and spoken exchanges. "The touch aspect is novel and interesting," says Eric Vanman, a psychologist at the University of Queensland in Australia, who studies human interaction with emerging technologies. "It's probably going to cause other researchers to look at the information we get from touch."
Additionally, participants holding steady-breathing robots showed slower heart rates. This difference wasn't significant, but it suggests that contact with a steady breather might calm one's emotions. Previous research supports this: "There's evidence that touching animals and humans can have calming effects," Vanman says.
If so, researchers could develop therapeutic devices that help us attain desired emotional states. "We've already started discussions with clinical psychologists," Witkower says. "We're focused on developing dynamic robots for regulating anxiety." The work could also inspire wearable devices that safely boost thrilling experiences, such as video games and horror films, Vanman adds.
Vanman would like to see future studies measure respiration, to check whether the heart rate change is linked to people matching the robots' breathing patterns, as well as other indicators. Witkower and his colleagues plan to track additional markers in future studies, and they hope to examine whether breathing robots could sense and react to human physiology automatically.

Simon Makin is a freelance science journalist based in the U.K. His work has appeared in New Scientist, the Economist, Scientific American and Nature, among others. He covers the life sciences and specializes in neuroscience, psychology and mental health. Follow Makin on X (formerly Twitter) @SimonMakin
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Improved 'Terminator' sun model could change space weather forecasting

An idea about the sun's magnetic field called the terminator model could help predict dangerous space weather more accurately

By Sarah Scoles edited by Clara Moskowitz & Eric Sullivan
[image: Photo of the sun with magnetic field lines over it.]Scientists are turning magnetic modeling into a business, selling forecasts to help airlines and satellite firms dodge harmful space weather.

 GSFC/NASA



On May 10, 2024, a John Deere dealer sent out a strange press release. "Please be advised that there is significant solar flare and space weather activity," it read.
The company, a maker of tractors and ball caps, isn't the first entity you'd turn to for advice about the sun. But the star's storms were messing with the GPS systems on John Deere's precision agricultural equipment, which uses geographic guidance to help farmers precisely plant, spray and harvest crops. "We apologize for the inconvenience," the press release continued, even though no one should have to apologize on behalf of space.
We tend to think of the sun in terms of its regular daily activities (rising, setting). But "solar activity" causes eruptions from the sun's surface that release energy and charged particles into space. Those eruptions have a profound effect on terrestrial life. Solar storms produce space weather that can irradiate astronauts and people in planes, disrupt satellites' electronics and drag their orbits down, and even affect the electrical grid and cell-phone coverage.
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These problems are part of why scientists try to predict how active the sun will be at given times, so they can tell farmers when their tractor might drift down the wrong alfalfa row or let electric companies know when they might experience outages. There's just one problem: we don't really understand how the sun works in the present, let alone how it will act in the future. Still, heliophysicists, as sun scientists are called, have different, if imperfect, ways of modeling the nearest star so they can make better forecasts.
And a relatively new idea about how solar cycles work could help. It's called the "terminator" model, and it posits that the sun is dominated by doughnut-shaped magnetic bands that migrate across its surface. According to the theory, which is a departure from traditional models of solar activity, the appearance, disappearance and travel of these bands on the sun rule our star's unruly behavior. The theory has worked so well with the most recent solar cycle that one of the scientists who helped to originate the idea has founded a company to sell predictions based on its model.

The sun dances to its own (currently less than deciphered) rhythms, moving through an 11-year-long cycle. It begins relatively quietly, with few sunspots and little stormy activity. As years pass, though, the sunspot number and solar activity ramp up, reaching a maximum about midway through. At that point the sun's polar magnetic field switches direction, and then its activity wanes back to a minimum before starting the entire process over again. Two of these cycles put together make up a larger one called the Hale cycle, in which the magnetic field finds itself back the way it started.
But precisely how active the sun will be at any given time in any given cycle is up for debate. Near the beginning of each solar cycle, experts get together for a panel sponsored by NASA and the National Oceanic and Atmospheric Administration. There they come to a best-guess consensus about how strong the sun's activity will be and when that level of activity will occur. "Everybody wants to know what the solar cycle looks like so they can plan for the future," says Lisa Upton, a scientist at the Southwest Research Institute in Texas and co-chair of the most recent panel.
That last one took place in 2019. Since then, based on what's actually happened on the sun, Mark Miesch of NOAA's Space Weather Prediction Center has made monthly updates to the panel's forecast--whose timing was off and whose sunspot-activity prediction had proved too low. These updates look "at what we know about the cycle so far and how we expect it to proceed," Upton says.
[image: Sun shining down on farmer working his field.]When solar storms flare up, they can scramble the GPS signals that farmers rely on to guide their high-tech tractors.

Mcmaster Studio/Alamy



The 2019 forecast--made by some of the world's foremost solar experts--has needed modification because the sun is complicated. For one, says Mausumi Dikpati, a senior scientist at the National Center for Atmospheric Research (NCAR) High Altitude Observatory in Boulder, our star's magnetic fields get generated and organized below its surface. "It is very difficult to see what is happening in the inside, in the interior of the sun," Dikpati says.
On top of that, Upton adds, the sun requires scientists to analyze massively different scales--from the spatially small to the extremely huge, from thousands to millions of degrees Fahrenheit, from pressures that would crush a person to pressures millions of times higher than that. It isn't easy to capture those ranges all at once.
That said, scientists use models to simulate aspects of our star, even if they can't capture all of its physics at once. Some researchers use statistical models in which they look at the star's historical behavior and pick out patterns. Others focus on simulating how the sun's plasma and magnetic fields interact or on how its surface magnetic field changes over time. Still others use the sun's oscillations (essentially hot liquid earthquakes) to get a secondhand glance at its interior. Artificial intelligence and machine learning are helping to bring data together with the physical theories, Dikpati says.
Although the progress isn't perfect, it is happening. For instance, researchers are homing in on "seasons" of activity that are interspersed with quiet over periods of six to 18 months. Knowing when a burst might happen within the larger cycle could allow for storm warnings on medium timescales--kind of like a heliophysics Farmers' Almanac for both satellite and tractor operators.

A small group of scientists, led by Scott McIntosh, a former deputy director of NCAR, has a different way of thinking about the sun. The researchers' terminator model is gaining traction in part because what it predicted for this cycle has been closer to reality than the expert prediction that the U.S. government put together.
The model's name is not based on any likelihood of its bringing about the end of the world as we know it. Rather it refers to a type of solar event that McIntosh and his colleagues had identified and christened a terminator.
According to McIntosh, the Hale cycle and the sunspot cycle are both ruled by magnetic bands that wrap around the sun like rings. Near the maximum of the traditional solar cycle, two new bands appear at high latitudes in the sun's northern and southern hemispheres; they have opposite polarities. As the cycle continues, they gradually migrate toward the equator, and new bands again appear at high latitudes--picture the arrangement as kind of like a conveyor belt.
A terminator happens when the older magnetic bands finally collide at the equator. That meet-cute isn't actually cute: it annihilates both old bands because their opposing fields zero them out.
McIntosh's model suggests the annihilation is the definitive end of a solar cycle. The sun's polar magnetic field starts to reverse, and swift sunspots related to the next solar cycle pop up at midlatitudes within days or weeks. "It's like this massive global communication system," McIntosh says of the star's magnetism. And the scenario flips the script on traditional models, making the magnetic field itself the main driver of solar activity and framing the cycle's start and finish around the bands rather than the sunspots.
The amount of time between two terminators--never exactly 11 years--is a strong indicator of the strength of the next cycle, according to the model. A shorter gap suggests a more intense sun--which is what the terminator model team predicted for this cycle.
On its own, the model does have limitations. For instance, it doesn't include an underlying physical theory for why the sun should work this way; it's more just a statement that, in the scientists' view, our star does work this way. "Their thing is purely observational," Dikpati says, although she and her colleagues have published a paper proposing a mechanism that could explain how terminators set off new sunspot cycles.
In the years since McIntosh and his team first published the idea, they have gone back and "hindcast" previous cycles based on when a terminator has terminated. The model was highly accurate for the tests run on cycles between 1996 and 2006.
Christian Mostl, head of the Austrian Space Weather Office, which maintains the website Helio4Cast, says that applying the timing of terminator events to make solar-cycle forecasts is highly useful. Although the approach did overestimate the strength of the current cycle, solar cycle 25, a bit, Mostl says his office will use it again to predict the next one. "We don't know yet what it will bring, but the possibility should be taken into account that it might be even stronger than cycle 25," he says.
On the back of his success, McIntosh, with business partner Katherine Monson, has founded a company called Hale SWx. Their goal is to use the terminator model to provide businesses with better solar forecasts. (McIntosh had previously left NCAR to join a company called Lynker, which primarily does solar and space weather work for NOAA.) Hale is working in the industries of precision agriculture, oil and gas, and airlines, among others, Monson says. And it's partnering with Lynker to do work for the Space Weather Prediction Center.
A key clientele will be satellite operators: space weather drags satellites, either leading them to an early death by deorbit or requiring them to use lots of fuel to boost themselves up. A company called Capella Space experienced these effects recently. In August 2024 the firm published a press release, entitled "Capella's Battle with the Sun," detailing how the atmosphere in low-Earth orbit was two to three times denser than predicted because of solar activity that was higher than in the official forecast. Capella Space's satellite was going to fall back to Earth early; in a 2024 conference paper about the company's experience, an author who was then part of Capella Space's team stated that its members found the terminator forecast to be accurate and began to use it in their modeling. Planet Labs, another company that uses small satellites to observe Earth, also turns to the terminator forecast for modeling.
Regardless of whose forecast people rely on, solar predictions are more important than ever as we Earthlings rely more on electronics and satellites for our own daily cycles. Although the terminator model has caught on, plenty of other ways of thinking about the sun exist--some of them with more physics reasoning underlying them. Given that fact and the sun's complexity, Dikpati has one dictum: "Many models should be allowed," she says, because only diversity in terrestrial thinking can capture celestial complexity--and help John Deere devotees prepare for the solar flares of the future.

Sarah Scoles is a Colorado-based science journalist and a contributing editor at Scientific American. Her newest book is Countdown: The Blinding Future of Nuclear Weapons (Bold Type Books, 2024).
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The paradoxical math of false alarms

Here's how a mathematical paradox distorts our view of news, safety and statistics

By Jack Murtagh edited by Jeanna Bryner
[image: Isotype-inspired figures: one of a farmer and one of a librarian (to be assembled into a lineup of 11 of the farmer icons repeated, and one librarian.)] Nigel Holmes



You have probably encountered the base rate fallacy, and it probably fooled you. Part mathematical paradox and part cognitive bias, this mental oversight has surprisingly forceful things to say about many real-world situations, from our public health policy to mass-surveillance programs. Take, for instance, the following two puzzles. The first comes from the late psychologist Daniel Kahneman's popular science book Thinking, Fast and Slow:
An individual has been described by a neighbor as follows: "Steve is very shy and withdrawn, invariably helpful but with little interest in people or in the world of reality. A meek and tidy soul, he has a need for order and structure, and a passion for detail." Is Steve more likely to be a librarian or a farmer?

When asked this question in an experiment, Kahneman wrote, most people say Steve is more likely to be a librarian. They reason that Steve's personality accords more with stereotypes of librarians than with those of farmers. But they ignore a highly pertinent statistical detail: farmers outnumber librarian professionals in the U.S. by more than 11 to one. A description of somebody's personality shouldn't override the vast size differences of the employment populations in question. With such a preponderance of farmers, we should expect that plenty of them have a passion for detail. This statistical bias becomes more obvious when the career possibilities have a starker difference in population sizes: Steve loves astronomy. Is he more likely to be a banker or an astronaut?

On supporting science journalism
If you're enjoying this article, consider supporting our award-winning journalism by subscribing. By purchasing a subscription you are helping to ensure the future of impactful stories about the discoveries and ideas shaping our world today.

Puzzle number two gets more quantitative. Let's say a doctor randomly decides to administer a blood test on you to scan for a certain disease that affects one in 1,000 people. The test is remarkably effective: it never gives a false negative, which means that if you have the disease, the test will detect it. False positives can happen but are rare: if you don't have the disease, the test will say as much 99 percent of the time. Your test comes back positive. With these rates in mind, what is the probability that you have the disease? After the Steve example, you might have your guard up, ready for a trick. Try to inhabit the situation. You just got a positive result on an exceptionally accurate medical test. How worried do you feel?
With the given parameters, the chance that you actually have the disease is only about 9 percent. Imagine we tested 1,000 people. We expect one person in that group to have the disease and get a true positive result. Of the remaining 999 tests, 1 percent will yield false positives. That rounds to 10 people. So we expect 11 positive tests: 10 false positives and one true positive. Your positive test is one of those 11. What are the chances that you are the unfortunate one?
[image: Graphic shows an array of 1,000 dots representing a group of people who are tested for a disease. Of the total dots, 989 are colored gray, indicating a negative test result, 10 are light blue, indicating a false positive, and one is dark blue, indicating a true positive.]Amanda Montanez



These puzzles showcase the base rate fallacy; the second one is also an example of the false positive paradox. When people judge the likelihood of a scenario, they tend to overweight the specific details in front of them and underweight the general prevalence of that scenario. They overweight the description of Steve being "a meek and tidy soul" and neglect the prevalence of farmers relative to librarians. They overweight a positive result on a test that's 99 percent accurate and disregard the rarity of the disease.
Of course, you should not dismiss medical tests; that's not the lesson here. Instead the false positive paradox demonstrates that interpreting the results of medical tests and deciding when to administer them require statistical literacy. Typically doctors order tests when they have reason to believe you might have a condition. If we pick you at random for testing, then your pretest likelihood of having the disease is simply the prevalence in the general population. But if you walk into a clinic with a distinctive rash and a high fever, you have moved into a different statistical bucket. You are being compared no longer to the general public but to other people with those specific symptoms. In this smaller group, the disease is far more common, making a positive result more indicative of a true case.
This situation explains why we don't conduct mass screenings for rare diseases. When a disease has a small-enough base rate in the population, even highly accurate tests will produce more false positives than true positives. The benefit of catching a few cases is outweighed by the medical, financial and psychological harm caused by a flurry of false positives.
Welsh police learned this lesson the hard way during the 2017 Union of European Football Associations Champions League final. They deployed cameras throughout Cardiff, where the soccer event was held, and used automated facial-recognition software to analyze the footage. The software scanned the faces of about 170,000 fans, hunting for any that matched persons of interest. The system flagged 2,470 potential criminals, of which 2,297 were false positives. The software wasn't broken. It did what any system with a small chance of error does when applied indiscriminately. The case made national news and led to an ongoing legal battle in Wales over facial-recognition technology.
For similar reasons, any data-mining techniques used to catch would-be terrorists will fail, as security expert Bruce Schneier has written about more broadly. These programs scour phone records, location data and social networks in search of patterns that may indicate terrorist plots. The problem: terrorist plots don't always have clearly identifiable warning signs (implying some chance of false positives), and most people aren't terrorists (indicating a microscopic base rate in the population). Schneier's back-of-the-envelope calculation suggests that for every real threat uncovered, tens of millions of false alarms could waste federal agents' attention--with all of the associated expenses and liberty violations.
None of this implies that we should stop screening for rare events, but we should understand the trade-offs. Most fire alarms are false alarms, but they pose a small inconvenience in exchange for saving lives when disaster strikes. The base rate fallacy teaches us to contextualize false alarms and to stop conflating the accuracy of a test for an event with the probability of the event itself. It reminds us that when we are wading through knotty probabilistic questions, the most salient details may not be the most statistically relevant.

Jack Murtagh is a freelance math writer and puzzle creator. He writes a column on mathematical curiosities for Scientific American and creates daily puzzles for the Morning Brew newsletter. He holds a Ph.D. in theoretical computer science from Harvard University. Follow him on X @JackPMurtagh
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Math Shortcuts

There might be several possible tricks to make certain problems easier to solve mentally. The
following examples show just one option for each problem.

Pblon: R ATRS S
20+30=50 ‘Start with 19 + 31 and move the 1 over to get 20 + 30
Sol

50+47=97 Now that you have combined two of the addends into a round number,
add the third one

Problem: 600-498 Steps:

498 +2=500 Add 2 to the number you'll be subtracting to get a rounder number

600-500=100 — Use that round number to do an easier version of the calculation
Solution: 100 +2=102 'Add back the extra 2 you subtracted in the previous step
Problem: 25x9 Steps:

25%4=100 Replace 9 ith 4,an easier number to multply by 25

100 x2=200 Double the product to gt 25 x 8 (because 4 x 2= &)

Solution: 200 +25=225 — Add one more 25 to get 25 x 9
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Empathy Rebound

Alarmed headlines abounded when youth empathy skills were found to be at a 30-year
low from 2005 to 2007. But the same researchers measured those skills rebounding in the
following years. Those more positive results, however, received much less attention.
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