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Can animals experience joy?




Well, of course -- just look at my tuxedo cat, Tango. He has an evening ritual: He waits atop the bed for his brother Teddy, a fat orange tabby with a remarkable resemblance to a loaf of French bread, to stroll by. Then Tango reaches out to snatch at Teddy's tail with apparent glee.




As animals ourselves, we think we see happiness in our fellow creatures all the time. Dogs romp in the park; squirrels chase each other up and down tree trunks; Tango purrs his head off at night while attempting to sleep on my face. Yet I know that it may not be glee because I can't be certain what emotions are felt by a creature that can't speak to me. Misinterpretation is possible. Sure, young squirrels could be playing, but adults are more likely to be chasing off a rival for their stored acorns or competing for a potential mate.
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For decades, scientists have struggled to identify or measure true joy -- or "positive affect," in sci-speak -- in nonhuman animals, even though they've long assumed it exists. In the late 19th century, Charles Darwin wrote, "The lower animals, like man, manifestly feel pleasure and pain, happiness, and misery."




But in the 20th century, psychologists focused on strict behaviorism, which limited scientific study to actions that could be objectively tallied. Think Russian physiologist Ivan Pavlov and the dogs he conditioned to expect food when he rang a bell, giving him a measurable drooling response. Or American psychologist B.F. Skinner, who put rats and pigeons in "Skinner boxes" where they were trained to push levers and peck keys for rewards. That history left scientists wary of anthropomorphism and subjective topics like feelings.




That's true for positive feelings, at least -- there has been loads of scientific attention on misery. In part, that's because researchers aimed to understand and relieve suffering, not just in animals but in people experiencing pain, depression or other clinical problems. It's also straightforward to measure a negative response, such as freezing in fear, compared to subtler signs of contentment.




All this history made the study of animal feelings largely taboo, a trend bucked on occasion by researchers like the late Jaak Panksepp, an Estonian neuroscientist and early leader in the study of emotions in the brain. In the early 2000s, when Panksepp reported that rats make a laughter-like sound when tickled, scientists were doubtful; the ultrasonic calls are inaudible to human ears.




"The lower animals, like man, manifestly feel pleasure and pain, happiness, and misery."
 Charles Darwin





"He had problems publishing it at all because people thought it was crazy," says Michael Brecht, a neurobiologist at Humboldt University of Berlin. Skeptical but curious, Brecht did research that found rats not just laughing, but also jumping for joy and playing hide-and-seek.




If scientists had better tools to measure positive emotions they'd be equipped to more deeply investigate the causes of happiness and how animals communicate it, with major implications for mental health among captive animals.




This need has inspired an audacious group effort to try to develop a "joy-o-meter" -- or more likely, a set of happiness metrics -- that could be used to better understand many critters, whether they are wild or captive, whether they walk, fly or swim.




"The overall goal of the project is to establish this serious, scientific approach to positive emotion in animals, which has been hugely overlooked," says Erica Cartmill, a member of the group and a cognitive scientist at Indiana University Bloomington. Cartmill studies great apes, but she knew that they wouldn't be enough to build a universal metric. So she joined up with investigators with interest in studying positive affect in dolphins and parrots.




Their work is part of a much-needed surge of interest in studying animal emotions, says Marc Bekoff, an ethologist and emeritus professor at the University of Colorado Boulder who studies canine play behavior. "For a long time, people wondered whether dogs and other nonhuman mammals experienced positive behaviors like happiness and joy, and of course they do." But, he adds, it is most likely different from human emotions.
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In the joy-o-meter project, challenges quickly arose. It's not only tricky to measure happiness, it's also dicey to predict what event might induce that joyful state. "Studying emotions is actually really hard," says Colin Allen, a project lead and philosopher at the University of California, Santa Barbara who collaborates with Cartmill.




To keep it simple, Allen and his colleagues have focused on a strict definition of joy as an intense, brief, positive emotion triggered by some event, such as encountering a favorite food or a reunion with a friend. That kind of "woohoo!" moment seemed easier to assess than, say, ongoing mild contentment. Even with a strict definition, the researchers are contending with variations in joy triggers and responses from one animal to the next, including within the same species or group.




"You want to make sure that what you're putting out there is based on reality, as opposed to just guessing what is happening in the animal's mind," says Heidi Lyn, a comparative psychologist at the University of South Alabama in Mobile who is a co-leader of the project and is in charge of the dolphin studies as well as some of the ape work.




These efforts by Lyn and colleagues are important, says Gordon M. Burghardt, a biopsychologist and emeritus professor at the University of Tennessee, Knoxville. He is not involved in the joy project, but has studied animal play for more than 40 years. In that work, Burghardt says, coming up with a definition with five criteria in 2004 made it possible to identify play in diverse creatures including mammals, birds, lizards, turtles, fish, octopuses and bumblebees.




"Positive affect is as much worthy of scientific study as studying pain and negative emotions," Burghardt says. Not only might scientists figure out how to better the lives of captive animals, they might get some clues to human happiness, too. "What is it that makes a good life?" he asks. "Those are the topics that are most worthwhile for us."




Do our nearest relatives feel joy?




The team began the work in apes because its funder, the Templeton World Charity Foundation, thought the odds of success were best in humankind's closest relatives. Bonobos are known for playful behavior, including frequent sex acts they use to create social bonds and resolve conflicts. Chimpanzees are considered more violent, though scientists have observed what are likely happy times in chimp troops. Cartmill's and Lyn's groups led the way, starting in 2022 with wild chimps at the Fongoli Savanna Chimpanzee Project in Senegal; zoo bonobos at ZOO Planckendael in Mechelen, Belgium; research bonobos at the Ape Initiative in Des Moines; and bonobos at the Jacksonville Zoo and Gardens in Florida.




Wild chimps don't have easy lives, says team primatologist Gal Badihi, who spent three months following a troop around Fongoli. They contend with dominance hierarchies, competitions and the ongoing search for food. Nonetheless, Badihi recorded potentially joyful moments. For example, chimps played with infants. A juvenile called Youssa proved to be quite the goofball, hanging upside down all the time. Other young chimps liked to drink from each other's mouths or roll around giggling. When reuniting with their fellows, chimps would embrace and kiss. "The joyous moments kind of stick out because they are quite rare," says Badihi.




She's currently focusing her analysis on a panting sound like unvoiced laughter that chimps often made during those apparently positive or social behaviors, as well as during situations where they wanted to communicate positive intent or de-escalate conflict. "It's really similar to how we use laughter and smiles across social context as people," Badhi says. (She now works at the German Primate Center in Gottingen.)




Badihi waited to observe potential moments of joy that occurred spontaneously, while another Cartmill team member, behavioral biologist Daan Lameris, tried to trigger possible joyful moments with the bonobo troop at ZOO Planckendael. His attempts to introduce novel toys to the bonobo enclosure illustrate how hard it is to predict what makes animals happy. Their favorites included a basketball, burlap sacks and T-shirts -- the latter more for tearing than for wearing. But not all apes responded the same way to the joy triggers. Fewer bonobos liked the piles of sawdust Lameris hoped they would roll around in. And after he'd painstakingly cleaned hundreds of used tennis balls, only one individual bothered to collect them. The goal is to assess whether apes that play together tend to interact more later in the day, but Lameris isn't ready to finalize his conclusions.




Another member of the Cartmill group, primatologist Sasha Winkler, has succeeded both in inducing and measuring signs of joy with the bonobos at the Ape Initiative. Winkler set out to re-enact a test of feelings based on observations that depression in people can lead to pessimistic judgments. Scientists studying rats adopted the idea, first to study if rats in less-than-optimal living conditions are pessimistic, and later to find that rats that recently enjoyed a good tickle are more optimistic. Similar optimism tests have also been used with poultry to assess whether environmental improvements made the birds happier.




First, Winkler set up the measurement system. She trained four adult bonobos to approach a black box in expectation of a tasty grape, and to ignore a white box that held no such treat. The presumption was that if she then offered a gray box, an optimistic bonobo would be more likely to check it out in anticipation of a goody.




Then she brought in the happiness trigger: the sound of baby bonobo laughter. Winkler primed her subjects with an audio recording of either seven and a half minutes of laughter or a neutral windlike sound before bringing out the boxes. After hearing the laughter, the bonobos were more likely to approach the gray boxes, Winkler reported in 2025 in Scientific Reports. "That was evidence that they feel better after hearing laughter," says Winkler, who is now a postdoctoral fellow at Duke University in Durham, N.C.





Taking a chance on a surprise




Researchers trained bonobos to expect that a black box always contained a grape, while a white box never did. The apes chose to approach black boxes and ignore white ones. If they didn't like a box, they could touch a button (denoted "a," left) to cue up the next offering.
The scientists then played sound prior to a testing session: either the sound of a baby bonobo laughing or a windlike sound. Then they offered a novel gray box.
Bonobos who heard recorded laughter were more likely to take a chance and approach the gray box, which held a grape 50 percent of the time. They preferred darker gray boxes, perhaps because they were more like the black boxes that held grapes.




[image: Illustration of researchers training bonobos ]T. Triphan et al/Current Biology 2025







Another test the researchers are conducting in multiple species is a "windfall" experiment, offering a happy surprise as the joy trigger. Lyn tackled this test with bonobos at the Ape Initiative and the Florida zoo, using an unexpected bounty of treats as the trigger.




First, the experimenter showed a bonobo a grape, then hid it between two overturned bins. The researcher then revealed the grape for the ape to eat. So far, the treat was entirely expected. But after repeating this five times, the researcher performed a magic trick. Unnoticed by the bonobos, there was a third container underneath the other two. And sandwiched between that bottom box and the middle one were 10 grapes -- jackpot!




That reveal was the windfall. In response, the Jacksonville bonobos made hooting sounds that are known to ape researchers as "food peeps." That alone wasn't much of a surprise, but further studies indicate the peeps may be about general happiness. The Des Moines bonobos nodded their heads instead, so that's another candidate joy signal, Lyn says.




The team also set up a social windfall. They arranged video calls between bonobos and their keepers on an iPad. The happy surprise was the appearance of a keeper the bonobo hadn't seen in a while. Again, the apes peeped or nodded, suggesting those behaviors might be about more than food. "Maybe they're just 'happy peeps,'" Lyn speculates.




Parrots that make snowballs




Once the ape research began to yield promising results, the Templeton Foundation began funding the parrot and dolphin studies in 2024.




The parrots under study are keas, big, smart birds found in the mountains and forests of New Zealand's South Island. Team investigator Ximena Nelson, a behavioral biologist at the University of Canterbury in Christchurch, New Zealand, already had plenty of reason to suspect the birds experience joy. In particular, she noticed they seem to love sunny, snowy weather. Nelson has seen them make snowballs and sled down the roofs of ski huts. "That is anthropomorphizing, there's no doubt about it," she says. "But I've spent a lot of time up in the mountains with these kea, and it's a thing, I'm sure of it."



[image: A graph comparing the mean play bouts and durations per birds, the sounds the birds made, and if it was during pre-stimulus, stimulus or post-stimulus]Researchers played various sounds to wild keas, a type of parrot, and scored how the sounds affected the birds' behavior. The kea warble call was the only sound that significantly increased playful behaviors such as chasing another bird, performing aerobatics with them or tossing an object in the air.R. schwing et al./Current Biology 2017Researchers played various sounds to wild keas, a type of parrot, and scored how the sounds affected the birds' behavior. The kea warble call was the only sound that significantly increased playful behaviors such as chasing another bird, performing aerobatics with them or tossing an object in the air.R. schwing et al./Current Biology 2017




Nelson's previous research on the curious, mischievous parrots revealed that they make playful "warble calls" that are contagious, like human giggle fits. Playing a warble recording to a wild kea, juvenile or adult, sets off a playful response. "It will start, like, tap-dancing," Nelson says. "They start playing, and they start warble calling."




Based on this finding, Nelson and zoologist Alex Grabham, a postdoc in her group, reasoned they could use the warble calls as an easy joy trigger for their experiments with a kea flock, sometimes called a "circus," at the Willowbank Wildlife Reserve in Christchurch. But they immediately hit a snag. Born and raised in captivity, these parrots had never heard a warble call -- and they hated it. When the researchers played the tape, the birds flew around making distress calls. "They just went mental," Nelson says.




After some time back at the drawing board, Grabham returned to the circus with new potential joy triggers.




One was a favorite food for the kea windfall experiment, a variation on what Lyn had done with the bonobos. First the keas got a carrot, which they consider "sort of a 'meh' food," Nelson says. Then another carrot, and another carrot. Then, the windfall: peanut butter!




For his part, Grabham hopes to use changes in keas' body temperature as a measure of joy. Body temperature changes with stress, so perhaps it does with happiness, too. He aimed an infrared camera at the area around the birds' eyes where there are no feathers to get in the way. The team is still analyzing the data, which came out noisy; the temperature seems to make more of a wobble, rather than go straight up or down.




Making measurements of biological markers, and not just behaviors, is important, says Sergio Pellis, an ethologist and animal play expert at the University of Lethbridge in Canada. "Just looking at the behavior from the outside may not be sufficient to make a judgment about how much the animals are enjoying this," says Pellis, who is not involved in the joy-o-meter project. "There may be situations when they're faking it."




For example, Pellis says, sometimes horses and dogs look like they're playing, but their levels of the stress hormone cortisol indicate they're not having a good time.




Grabham is also analyzing samples from a different experiment inspired by keas' love of snow. This time, the captive circus cooperated. Grabham dumped machine-made snow on the aviary's hillside in the hopes of triggering joy. He's pretty sure he succeeded. "The kea were all over it," he says. "My instinct is that they were having a good time." Some played alone; some held snow fights; one pushed a snowball toward a researcher.




Keas, large green parrots that live in New Zealand, appear to enjoy playing in sunny, snowy weather. John Downer Productions/digitalvision/getty images





To measure this possible joy more objectively, the researchers collected poop from playing parrots to measure levels of the bird versions of the hormones cortisol and oxytocin. To gather fecal samples, each of the 12 parrots was assigned a human researcher to follow the bird around with a spatula and test tubes. Grabham estimates each bird produced about five specimens in the one-day experiment, but one, called Plankton, offered up sizable samples every 20 minutes. Grabham is analyzing the hormone data now.




Again, Nelson expects the data to be noisy because hormone levels can be influenced by factors like the time of day, the animal's sex and whether it is molting. This variance in how joy may be expressed by individual animals has been an ongoing challenge.




And as with Lameris' apes, individual parrots had varying interest in joy triggers, too -- and in whether they expressed interest in participating in the experiments at all. One adolescent kea, called Megatron and described by Grabham as "a little menace," eagerly bounded along behind the scientist as he headed for Megatron's testing platform. But another, Mystique, tended to ignore the scientist's calls; she'd rather push a leaf back and forth in the water.




That doesn't mean it's impossible to trigger and measure joyful behaviors, Grabham says. But "one experiment might not fit all."




While he continues analyzing data from the circus at the wildlife reserve, data from wild keas has shored up Nelson's beliefs about their happiness in sunny, snowy weather. She sent a student with a video camera to tramp up and down New Zealand's mountains and film the birds. In the resulting videos, the keas were four times more likely to warble if the sun shone.




"It is intriguing that keas make a warble song during play, and that it is four times more frequent when the sun is shining emphasizes the potential joyful aspect of the display," says Nicky Clayton, an expert in bird behavior and cognition at the University of Cambridge who was not involved in the study.




"Given the difficulties," says Nelson, "I think we've actually made quite a lot of progress."




Behind the dolphin's smile




Like keas in the sun, dolphins sure look like they're having fun, leaping through the bow waves of boats, blowing bubble rings or playing catch with bits of seaweed. But their characteristic "smile" is frozen in place and says nothing about their emotional state.




They have a few things in common with great apes: intelligence, yes, but other qualities too. Like bonobos, they're known for voracious sexual appetites. Like chimps, they can sometimes be violent, kidnapping females, occasionally killing baby dolphins and smacking around harbor porpoises. And sometimes their play objects are unfortunate sea turtles or seals.




[image: two dolphins swimming side by side]Dolphins do things that look like fun, such as playing catch with seaweed, but scientists have struggled to figure out if these activities induce positive feelings. A "victory squeal" after being given a fish or while swimming with other dolphins may provide a clue. VALERY HACHE/afp/getty images





Lyn's 2020 study with dolphins illustrates how valuable a joy-o-meter would be to monitor the well-being of captive animals. The Association of Zoos and Aquariums requires accredited facilities to provide enrichment, but not every toy provokes positive behaviors.




In that study, the researchers provided novel items like bubble generators or barrels coated in artificial turf. The biggest response was to a 3-foot-long block of ice, and it wasn't a positive one -- at least not at first. The two dolphins, Bo and Buster, initially fled, then returned to investigate. Overall, dolphins tended to avoid the novel objects -- hardly a rousing endorsement for their potential to induce joy.




And as with apes and parrots, vocal calls may be the key to understanding dolphin joy. Other dolphin researchers have defined the "victory squeal" as a sound the animals make when they catch a fish or receive a fish prize from their trainers.




They suggest it reflects release of the reward chemical dopamine in the brain. Once trained, dolphins make the same sound after they complete a task but before they get the fish reward, or even in the open ocean where their trainers aren't nearby. It's as if it's a sort of "I did it!"




Lyn's team has observed similar squeals in other contexts, such as when dolphins receive a surprise treat, like a toy or bucket of ice. She hopes to perform windfall experiments to measure if the dolphins squeal more in the moments after they get an unexpected treat, like a favorite toy.




"While it is hard to know how animals experience emotions or how similar those impressions are to our own subjective emotional experiences, the cetacean victory squeal does seem to be associated with objectively positive events in a cetacean's life," says Jason Bruck, a behavioral biologist at Stephen F. Austin State University in Nacogdoches, Texas, who was not part of the study.




Preliminary data indicate that squeals may have a social function, too. If their trainers are also screaming with joy, the dolphins seem to make bigger or more frequent squeals. And they do it when socializing with other dolphins, such as swimming together. "It seems to very much be this sort of communicative pattern," Lyn says.




While there's still plenty more work to do, the project researchers are excited about the progress they've made and what's to come. After scientists spent so many decades focusing on unhappy feelings in an effort to reduce negative experiences for animals in captivity, kea researcher Nelson says, "it's just nice to turn the tables and think about the positive." Her own reasons for studying animal happiness are even simpler than that: "Because it gives me joy."
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A soft, thick coat of snow makes a lot of the world seem to slow down or even stop -- at least temporarily. The fluffy piles absorb sound and make the world quiet and still. But deep underneath, in pockets between the snow and the ground, life goes on. This is the subnivium, a tiny ecosystem all its own.




Here under the white stuff, roots, small mammals, microbes, insects and even birds thrive. They use the subnivium to make the most of the winter months -- hunting, breeding, breaking down leaves and more. All those cold-weather activities help determine which plants and animals will thrive during the snow-free seasons.
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But this seasonal ecosystem is in danger. Climate change is making winters warmer. Much of the precipitation that used to fall as snow now pours from the sky as rain. In the Northern Hemisphere, snow cover has decreased by 2.2 percent per decade from 1979 to 2012. Compared with 2016, 2020 had 2.5 fewer days of snow cover. No snow means no subnivium. And as it shrinks, a host of organisms might pay the price.




Their loss could change the way forests function year-round, not just in winter, scientists have found. Several groups are working to understand what is going on below the snow and how this ecosystem is responding to our warming world.




A natural igloo




As snow falls, it can accumulate in layers that compress under their own weight, forming a snowpack. Once that snowpack gets deep enough -- about 15 centimeters -- the subnivium emerges, says community ecologist Jonathan Pauli of the University of Wisconsin-Madison. Shallow hollows just a few centimeters high collect around fallen trees and rocks and link up like a maze.




The thick snowpack acts like a natural igloo, insulating the labyrinth underneath, Pauli says. Above-snow temperatures might range anywhere from -20deg to 4deg Celsius. But when the snow is deep enough, it doesn't matter how cold the air is: The ground will remain a consistent 1deg C, just above the freezing point of water.





Welcome to the subnivium




[image: An illustration depicting the arrays of lifeforms that live in the subnivium, including bacteria, marmots, beetles and others.]Sayo Studio





In winter, an array of life-forms seek refuge under the snow. Some go dormant while others keep going about their lives -- hunting, eating, mating. Together, these creatures form a unique ecosystem: the subnivium.





	Bacteria and fungi decompose leaf litter, making nutrient-rich soil ready for spring.




	Snow cover keeps marmot burrows just the right temperature for hibernation.




	Cold-loving rove beetles prey on other arthropods that lie dormant.




	Voles eat plants while trying to avoid getting eaten by foxes and other predators.




	Ruffed grouse live above the snow but have been known to roost in snowdrifts to stay warm.
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That one degree makes all the difference, says ecosystem ecologist Alix Contosta of the University of New Hampshire in Durham. It has changed the way scientists think about life in cold winter environments. When Contosta developed her fascination with the subnivium as a student in the late 1990s, winter was thought to be "a dormant season and there wasn't a whole lot happening," she says. But in the subnivium, where soil is warm enough for liquid water, life goes on.




Diverse denizens




Bacteria and fungi that can stay comfortably unfrozen in the subnivium munch all winter on dead plant material that accumulated in autumn. As these microbes eat, they breathe -- taking up oxygen and pumping out carbon dioxide in a process called soil respiration. Some of the carbon from leaf litter gets stashed in the microbes' cells. "As long as those microbes stay alive, the carbon that's in their biomass is part of soil," Contosta says.




Snowpack depth seems to influence microbial populations and, in turn, soil respiration. Deeper snowpacks lead to larger, more diverse and more active populations, researchers in China reported in 2020 in Scientific Reports. More active microbes mean more respiration, which means more carbon-rich soil.




As the snow melts and spring arrives, the microbes die and release nutrients into the soil -- right when plants start to resume growing. "All of these nutrients, all of these carbon molecules, it's ready for [plants] when they wake up," says soil scientist Kaizad Patel of Pacific Northwest National Lab in Richland, Wash. "In that sense, the microbes help regulate that [nutrient cycling]."




Meanwhile, hungry arthropods regulate the microbes. Springtails, centipedes, rove beetles and more are "down there feeding, moving around, searching for mates, breeding," says Chris Ziadeh, a New Hampshire-based ecologist with the U.S. Department of Agriculture Natural Resources Conservation Service.




[image: An ecologist checks a pitfall trap in the snow.]Ecologist Chris Ziadeh checks a pitfall trap in the New Hampshire snow. Any arthropods that fall into the trap are preserved in the bright pink liquid.C. Ziadeh





Ziadeh and Contosta are part of a team identifying exactly which arthropods call the subnivium home. The researchers set out pitfall traps, preservative-filled cups partially buried in the ground, over two winters and one summer in a forest in New Hampshire. Whatever wandered along fell in the traps.




Unsurprisingly, winter traps collected one-sixth as many arthropods as summer ones per day. But some species were found mostly or only in winter, including meshweaver spiders (Cicurina brevis) and three types of rove beetles (Arpedium cribratum, Lesteva pallipes and Porrhodites inflatus), the team reported in 2024 in Environmental Entomology. These subnivium specialists could have an impact on the ecosystem all year by putting nutrients back into the soil and keeping down certain pest populations, Ziadeh says.




What's more, the arthropods are important prey for larger animals that hide under the snow, such as lemmings (genus Lemmus). Those mammals, in turn, attract their own predators. Take American martens (Martes americana). About the size of a house cat, these fluffy, ferretlike predators "[slink] in and out of that subnivium space," Pauli says. "They'll find an opening, and they'll kind of go down and disappear and presumably hunt ... then pop up at another spot."




Even birds use the subnivium. Though ruffed grouse (Bonasa umbellus) and willow ptarmigans (Lagopus lagopus) live above the snow, they dig or even dive into drifts to roost. In New York's Adirondack Mountains, for instance, "grouse would kind of explode out of the snow," recalls climate change ecologist Benjamin Zuckerberg of the University of Wisconsin-Madison. "Just out of nowhere, this big bird suddenly appears!"




An ecosystem at risk




Climate change, however, is coming for the subnivium.




Greenhouse gas emissions from human activities are driving up the average global temperature. At the current rate of warming, the presence of the subnivium worldwide is projected to drop from 126 days per year on average in 2014 to just 110 days by the end of this century, researchers reported in 2019 in Nature Climate Change. With less snow to insulate the ground, there would be 10 more days every winter where the ground is frozen.




[image: A comparison of beetles and springtails, two types of arthropods.]Some arthropods, including rove beetles (left) and springtails (right), spend winters in the subnivium. The rove beetle species shown here is a subnivium specialist, thriving in winter and dormant in summer.C. Ziadeh





That's bad news for subnivium dwellers. Plant roots can burst in frozen ground. Microbes can too. If they explode, they'll spill their nutrients into the soil months before the plants need it for their spring awakening.




Dying roots plus fewer nutrients add up to a "double whammy" for trees, Patel says. Weakened trees may grow poorly or be more vulnerable to diseases or insect pests.




Arthropods will suffer too. Subnivium specialists like the meshweaver spider and the rove beetles are "probably going to become locally extinct or just disappear altogether," Ziadeh says.




Even insects that normally lie dormant through the winter might be harmed. A warming of 5 degrees C relative to the current conditions would leave them exposed to killing cold. But if the planet warms 3 degrees C, computer models suggest that cold-hardy species might survive, the researchers reported in 2025 in Diversity and Distributions. Currently, the world is on track to warm 1.5 to 2 degrees C in the 21st century.




Larger animals that rely on the subnivium, such as pikas and marmots, could find their numbers plummeting too.




In the winter between 2014 and 2015, North Cascades National Park in Washington state experienced low snow and extremely dry weather. After the winter, the number of cold-loving pikas (Ochotona princeps) dropped at the lowest elevations, wildlife ecologist Aaron Johnston of the U.S. Geological Survey Northern Rocky Mountain Science Center in Bozeman, Mont. and colleagues reported in 2019 in Ecology. Those areas, stuck with no snow, left the rodents too cold. Less snow also meant less water for grasses that they rely on for food come springtime, and the underfed pikas reproduced less in response.




[image: Two marmots facing eachother on a rock.]Marmots in Washington state's North Cascades rely on the subnivium to keep their dens warm as they hibernate. Without a snow blanket, the large ground squirrels need to use more energy to stay warm.Jason Ransom/U.S. National Park Service





Unlike pikas, marmots hibernate underground in winter. But a lack of snow is stressful for them too, Johnston says. The subnivium and other snuggling marmots keep the animals' energy expenditure to a minimum. Without snow, temperatures may drop further in the burrow. At 0deg C, the large ground squirrels would need to use four times as much energy to stay warm as they do at 5deg C. After the winter of 2014-2015, the national park's marmot population, stressed from using extra energy to stay warm, dropped 74 percent in 2016 from the number in 2007, Johnston and colleagues reported in 2021 in Ecology and Evolution.




Finding refuge for the cold




Saving the subnivium requires limiting climate change's impact enough to keep winters truly cold. "Fundamentally, at the end of the day, that requires reducing our carbon emissions to zero," says climate scientist Elizabeth Burakowski of the University of New Hampshire in Durham.




High areas, like the summit of New Hampshire's Mount Washington, give her hope. "It's not warming at the same rate as lower elevations," she says. "Rare alpine plants that live up there are a little bit more resilient to the changes of climate."




Burakowski is hunting for more climate refuges: "small pockets of really unique, protected climate zones that preserve snowpack," she says. These colder areas could be on the north slopes of mountains or behind large boulders, where there's less sunlight. By warming more slowly than other areas, they might allow patches of subnivium to persist, Burakowski says.




She's also interested in how we might alter forest management to make more patches where subnivium is safe. "At the end of the day, we are beholden to Mother Nature," Burakowski says. "More of that precipitation is going to fall as rain instead of snow."




But where there is snow, she says, "it would be great to keep it as long as we can, and to have it stick around." Burakowski is trying to understand what in a forest keeps snowpack present. The right number of trees in a forest seems to be key for snow buildup, for instance. "We think that there's this Goldilocks zone," she says. There needs to be "a thin enough forest canopy that more of the snow is reaching the forest floor, but thick enough that it's also shading the forest floor."




In some places, thinning forest canopy just a little might help snow build up, helping the fleeting subnivium -- and its residents -- stay just a little longer.




			
 
			

			Questions or comments on this article? E-mail us at feedback@sciencenews.org | Reprints FAQ

	
	
			
			
							A version of this article appears in the February 1, 2026 issue of Science News.

						

	
	

	Citations

	
C.P. Ziadeh et al. Distinct communities under the snow: describing characteristics of subnivium arthropod communities, Environmental Entomology. Vol. 53, June 2024, p. 383. doi: 10.1093/ee/nvae017.




K.L. Thompson, J.N. Pauli and B. Zuckerberg. The vulnerability of overwintering insects to loss of the subnivium. bioRxiv. May 6, 2024. doi: 10.1101/2024.05.06.592805.




E.A. Burakowski et al. Future of Winter in Northeastern North America: Climate Indicators Portray Warming and Snow Loss That Will Impact Ecosystems and Communities. Northeastern Naturalist. Vol. 28, February 2, 2022, p. 180. doi: 10.1656/045.028.s1112.




K. Thompston et al. The decline of a hidden and expansive microhabitat: the subnivium. Frontiers in Ecology and the Environment. Vol. 19, June 2021, p. 268. doi: doi: 10.1002/fee.2337.




A.N. Johnston et al. Freezing in a warming climate: Marked declines of a subnivean hibernator after a snow drought. Ecology and Evolution. Vol. 11, February 2021, p. 1264. doi: 10.1002/ece3.7126.




L. Zhu et al. Climate change causes functionally colder winters for snow cover-dependent organisms. Nature Climate Change. Vol. 9, October 7, 2019, p. 886. doi: 10.1038/s41558-019-0588-4.




A.N. Johnston et al. Ecological consequences of anomalies in atmospheric moisture and snowpack. Ecology. Vol. 100, published online March 13, 2019. doi: 10.1002/ecy.2638.




K.L. Thompson et al. The phenology of the subnivium. Environmental Research Letters. Vol. 13, June 18, 2018. doi: 10.1088/1748-9326/aac670.




J.N. Pauli et al. The subnivium: a deteriorating seasonal refugium. Frontiers in Ecology and the Environment. Vol. 11, June 2013, p. 260. doi: https://doi.org/10.1890/120222.




	

			
			
				[image: ]			
		

	
	
		
						About Bethany Brookshire


					


		
			Bethany was previously the staff writer at Science News for Students. She has a Ph.D. in physiology and pharmacology from Wake Forest University School of Medicine.

		

	




	






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



Please 

subscribe to Science News and add $16 to expand 
science literacy and understanding.












		



This article was downloaded by calibre from https://www.sciencenews.org/article/climate-change-subnivium-snow-threat



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




			
				




Much like his ninja namesake, Naruto the white-lipped peccary was a bit of a loner.




Named after the titular character from a popular manga and anime, Naruto was the youngest male and one of the least social in his group of 17 peccaries, all of whom were born and raised in captivity at the Laboratory of Applied Ethology at the State University of Santa Cruz in Ilheus, Brazil.




Destined for reintroduction into Brazil's Estacao Veracel Private Natural Heritage Reserve and the Pau-Brasil Ecological Station, the peccaries were each given a personality test of sorts by lab researchers. The piglike mammals were video recorded as they went about their daily lives, resulting in 17 hours' worth of behavioral data. Their aggressive actions, friendly touches and moments of exploration were tallied so that the peccaries could be ranked in traits such as boldness and sociability.
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The goal was to determine whether an individual peccary's behavioral traits influenced its survival when released into the wild. White-lipped peccaries (Tayassu pecari) are listed as vulnerable by the International Union for Conservation of Nature, or IUCN. In Brazil, the size of the species' historical range had plunged by 60 percent by 2020, and past efforts to reintroduce them had met limited success.




Around the globe, scientists are increasingly recognizing how a reintroduced animal's personality can impact how both individuals and groups fare in the wild. Such work is part of a growing trend to infuse the study of personality, and how it affects behavior, into conservation. When working with wild animals and tight budgets, personality tests may not always be possible. But understanding animal personality could help conservationists choose which individuals stand the best chance of surviving -- helping to restore populations threatened with extinction.




For Naruto, his loner personality may have ultimately been his undoing.




[image: A group of white-lipped peccaries in a tight huddle]In the wild, white-lipped peccaries tend to fare better in groups, since they can better fend off predator attacks.Hanjo Hellmann/Alamy





Naruto's behavior stood out to Selene Nogueira, an ethologist at the university and leader of the lab's peccary project. "He was the last one to eat and then was thinner than the others," Nogueira says. "I think his personality was a little bit shy." Once the peccaries were released, Naruto continued his asocial ways. His wanderings helped the group disperse. But less than a year after the release, researchers found him limping with deep bite marks, probably from a jaguar or puma. He died three days later.




Peccaries are known to fend off predator attacks when in a group. Sure enough, the rest of the peccaries fared better, and now, after about two years, the group has welcomed 10 babies. From her study, Nogueira generally concluded that, for a released group of peccaries to be successful, they need a mixture of personality types -- asocial adventurers to go off and nudge the group along, as Naruto did, and social butterflies that stick together.




For scientists working in the forests of Brazil in the 20th century, the mere idea of peccary personalities would have been laughable. But Nogueira's work is part of a wave of research in the last two decades showing that personalities aren't just the purview of peccaries -- they're everywhere in the animal world.




A plethora of personalities




For a long time, research into animal behavior was built on the view that individual differences are mostly raw material in the evolution of a species. Over time, natural selection should lead to animals that behave roughly the same, the thinking went, so that they make the best possible choices in every situation.




Then, in 2004, two influential papers -- one led by Andrew Sih of the University of California, Davis, and the other led by Sasha R.X. Dall, then of the University of Cambridge -- flipped that idea on its head. Rather than populations steadily evolving into behavioral monotony over time, the papers posed, variation between individual animals might itself be desirable for evolutionary success.




Sponsor Message



  






The papers drew on recent studies of mammals, birds, reptiles and even invertebrates such as mollusks, as well as the principles of game theory, the mathematical modeling of optimal strategies. Combined, the data support the idea that evolution can lead to consistent behavioral differences between members of the same species. That is, evolution gives rise to personalities.




"That got folks really excited," says Kate Laskowski, a behavioral ecologist at UC Davis. Laskowski recalls an animal behavior conference in the early 2000s, in the wake of this revelation. "Every single talk was like, 'Oh, we found personality in this animal, we found personality in that animal,' " she says. "That's classic any time a new field starts."




Personality is a big part of animal behavior, so the idea that it matters to conservation comes as no surprise to Daniel Blumstein. As a child, he attended events on the first Earth Day in 1970, and he has long been interested in bringing together animal behavior and conservation.




Now a behavioral ecologist at UCLA, Blumstein started his career studying how marmots in Pakistan's Khunjerab National Park avoid predators. He became involved with local conservation groups and communities during his time there. It has taken time for the broader field of conservation biology to catch up on the importance of behavior, he says. "A lot of mainstream conservation is still population biology, population modeling, what makes populations go up and down," Blumstein says. And "a lot of it is still genetics."




"Individuality is one of those domains that people are exploring in some conservation contexts, and could be important in some."
 Daniel Blumstein
Behavioral ecologist at UCLA





When species reintroductions go wrong, though, it's behavior that's often to blame.




In a paper published in 2020, Blumstein and colleagues scrutinized 293 case studies of animals being released into the wild; 27.6 percent of them reported problems with behavior. The most common issues were related to movement, with animals traversing into areas they weren't meant to go. When 12 endangered Hamilton's frogs in New Zealand were moved 50 meters away to start a new population, for example, some of them immediately tried to head back home, a common problem in amphibian and reptile releases.




Other behavioral troubles noted by conservationists involved mating, finding food and, in some cases, behaviors tied to personality.




Boldness, a commonly studied personality trait, can have mixed effects on population health. Such was the finding of a 2013 study on reintroductions for two species of fox, the swift fox (Vulpes velox) and the Santa Catalina Island fox (Urocyon littoralis catalinae). When 31 captive-bred swift foxes were released onto the Blackfeet Indian Tribal Reservation in Montana, five of the 16 monitored foxes died. They were the boldest individuals, and they succumbed to dangers such as predators. By contrast, the reintroduced island foxes, with no natural predators, had more babies if they were bolder, and none of them died during the study period.




Similarly mixed benefits of boldness have been seen in released Blanding's turtles and Tasmanian devils, both of which survived longer if they were more adventurous. But in blue-fronted parrots, shyer birds lived 40 days longer on average than bold ones.




For Naruto the ill-fated peccary, being asocial might have at first helped him avoid conflict with a bigger, stronger male. With a predator around, though, it would have paid for him to switch his behavior and become friendlier to gain protection from the group. But Naruto wasn't keeping track of the optimal way to behave in every situation: He was just being himself.




Because Naruto and the other peccaries can't do it all, the overall population can benefit from the mix of personalities that Nogueira identified -- even if it means individuals make deadly mistakes.




How bridges influence behaviors




The study of animal personality has since matured and permeated fields such as evolution and community ecology. Behavior, including personality, is inseparable from conservation success any time it influences demographics, Blumstein says. Any behavior that affects an animal's ability to survive, mate, raise offspring, move from place to place, avoid death and more can be of interest to conservationists.




Carlos Ruiz-Miranda, a conservation biologist at the State University of Northern Rio de Janeiro, rigorously tests personality in a conservation effort he's involved in for a showy chickenlike bird called the black-fronted piping guan (Pipile jacutinga). Native to southeastern Brazil and parts of Paraguay and Argentina, these birds are classified as endangered by the IUCN due to habitat loss and illegal hunting.




"We use this test based on a human personality test," Ruiz-Miranda says. The birds are scored on their sociability, aggression, acceptance of new foods, overall activity and whether they prefer to stay on the ground or hang out in trees. Like their chicken relatives, they sometimes scrounge around on the ground for food.




"We don't want animals to do that a lot, because they're very vulnerable to predators," Ruiz-Miranda explains. He compared the testing process to a coach choosing a soccer or baseball player, when some attributes may be more important than others. For Ruiz-Miranda's guans, the most important traits are being social, recognizing predators and not being ground foragers.




[image: A photo of the black-fronted piping guan surrounded by leaves]The black-fronted piping guan, a chickenlike bird native to South America, is among the animals showing how personality can influence conservation efforts.Jose Maria Barres Manuel/Alamy





Ruiz-Miranda started his career with a long-running project to reintroduce endangered golden lion tamarins (Leontopithecus rosalia) into their native Brazil (see sidebar). After a rough start in the 1980s, that program became a roaring success once the introduced tamarins started reproducing -- the babies were much more adjusted to their wild habitat than their captive-raised parents.




Now, changes to the monkey's wild habitat are prompting the research team to take personality more seriously as a factor in their conservation.




The tamarin team recently built bridges to help the monkeys cross sections of the forest that have been clear-cut for oil and gas pipelines. Tamarins view these open areas with caution, fearing exposure to predators. Ruiz-Miranda noticed that some tamarin families cross the bridges readily, while others are more hesitant.




"We started thinking about these bridges being a filter of personalities," he explains. So while the bridges allow tamarins to move around more easily, they may also be shaping the personality distribution of the entire population, which Ruiz-Miranda's team is now studying further. The well-meaning bridges could be acting as a sieve, restricting areas of the forest to those tamarins who are brave enough to cross, with potential consequences for the group's survival.




"Individuality is one of those domains that people are exploring in some conservation contexts, and could be important in some," Blumstein says. But, he cautioned, "just because behavior is important doesn't mean all of it's important to solve any given problem."




When testing is impossible




Of course, it's not always possible to include detailed personality tests in reintroduction efforts. In December 2023, wildlife officials used darts to sedate 10 Oregon wolves from a helicopter hundreds of meters in the air, packed them up in crates and shipped them off to Colorado to start life anew.




"You try to isolate animals just based on how they respond to the helicopter, and you get what you can get," says Eric Odell, the wolf conservation program manager at Colorado Parks and Wildlife who is leading the canines' reintroduction into the state.




Personality has been studied in wolves before -- at least as far back as 1972 -- but mostly in captive individuals. Fully understanding the personalities of the Oregon wolves before capturing them would have taken intensive fieldwork. Figuring out how those personalities may influence the animals' success when reintroduced would have taken even more research.




"I think the recognition that behavior is important is definitely becoming more relevant."
Stewart Breck
Ecologist at the USDA National Wildlife Research Center





Though lacking in-depth personality info for the wolves, Oregon wildlife officials had a good understanding of who was who in each pack, Odell says. In a second capture-and-release in early 2025, 15 wolves were taken from British Columbia to join the others in Colorado. They had never been studied in any capacity before, aside from GPS collars the relocation team had fastened to some of the canines a month prior.




The reintroduction has been a bit rocky -- so far, 10 of the wolves released into Colorado from Oregon and British Columbia have perished.




While it can be challenging for wildlife managers to add behavior and personality to their already full plates, it is becoming more appreciated as a crucial component of conservation.




"Most wildlife managers, they think about populations primarily," says Stewart Breck, an ecologist at the U.S. Department of Agriculture National Wildlife Research Center in Fort Collins, Colo., who helps manage conflict between humans and carnivores like wolves and coyotes. "I think the recognition that behavior is important is definitely becoming more relevant."




Breck sees two main areas where personality can play a key role in conservation: when an animal population is really small and "every individual is really important," and when trying to mediate conflict between animals and people.




"Especially if you're thinking about nonlethal techniques, then animal personality becomes a really critical factor," Breck says. For example, fladry -- ropes adorned with colorful flags that are hung around fences -- are a popular tool for deterring wolves from preying on livestock. A bold wolf may not care about fabric flapping in the wind, while a shy wolf may be petrified.




Breck's words would be music to Blumstein's ears. In addition to working with conservationists throughout his career, he's now part of a team working on a website interface designed to easily bring the science of conservation behavior to wildlife managers, as well as other knowledge they may lack.




"You might not be trained on how to run a focus group, to manage people or understand the people in your area," Blumstein says. "You might not know how to identify stakeholders to figure out who should be consulted.... You might not know how to raise funds."




With his new project, he says, "we're really bringing the science and the social science and the management all together."





Brazilian monkeys offer early lessons in conservation




[image: A photo of a golden lion tamarin]Golden lion tamarins once lived in Washington, D.C.'s Rock Creek Park as part of a long-running project to reintroduce the animals in Brazil.Skip Brown/Smithsonian's National Zoo





The current work to understand animal personalities builds on a previous push for conservationists to consider behavior in general. For a textbook example of how important behavior can be for conservation, Daniel Blumstein of UCLA points to golden lion tamarins.




If you were strolling through Rock Creek Park in Washington, D.C., in the early 1990s, you might have chanced upon a loose troop of monkeys with brilliant orange fur and long, twiggy fingers. The Smithsonian's National Zoo had released endangered golden lion tamarins (Leontopithecus rosalia) into a part of zoo grounds that connected to the park, making the world the primates' oyster.




"The tamarins had the opportunity to go anywhere they wanted in the city of Washington, D.C., or beyond," says Carlos Ruiz-Miranda, a conservation biologist at the State University of Northern Rio de Janeiro. "They could have gone all the way to Baltimore."




The tamarins released at the National Zoo and other zoos around the country weren't moving in permanently. They were in training to eventually be released back to their native Brazil as part of a long-running effort to save the species from extinction. The monkeys were outfitted with radio collars for easy tracking and were consistently monitored by zoo staff.




Golden lion tamarins hail from Brazil's Atlantic Forest, which has been subjected to clear-cutting and development since Portuguese colonizers first set sights on it in the year 1500. The late Brazilian biologist Adelmar Coimbra-Filho had realized that tamarins were in trouble in the 1960s after traveling around the Atlantic Forest and struggling to find them. He began trying to breed them in captivity in 1962, with the hopes of reintroducing them into the wild.




But his and other early captive breeding efforts didn't fare well. Despite their undeniable charisma, wild golden lion tamarins were poorly studied -- scientists simply didn't know enough about them to breed them successfully.




"For any reintroduction program, there's some basic things you need to know about the animal," says Ruiz-Miranda, who joined the National Zoo's tamarin project in 1992. "And tamarins were a big surprise to everybody at the beginning."




Most group-living primates are polygynous, meaning males mate with multiple females. But when male tamarins were housed with multiple unrelated females, the females spent more time fighting with each other than they did mating with the male. It turns out golden lion tamarins are typically monogamous, with males and females pairing up exclusively.




"You have to keep them in pairs," Ruiz-Miranda says. Once researchers figured that out, the tamarins began breeding.




In 1984, captive-born tamarins were introduced in and around Poco das Antas Biological Reserve, a protected area established by Coimbra-Filho  and fellow Brazilianecologist Alceo Magnanini.




It didn't go very well. Fourteen tamarins were released in that first attempt, and only five monkeys remained after eight months.




The problem is that tamarins tend to live in traditional nuclear families of a mother, a father and their offspring. Both parents help raise the babies, including teaching the youngsters how to use their long fingers to fish tasty insects out of nooks and crannies. Learning is key: Tamarins aren't born knowing how to survive in the wild.




The stunning failure in 1984 prompted scientists to let tamarins roam free in the United States for a couple of months before making the trek to Brazil. More captive-born tamarins were brought to Brazil between 1984 and 2000, and two-thirds of them still died within two years. Some were snapped up by jungle cats. Some were bitten by snakes or stung by bees. Many starved.




It turned out that tamarins that had trained beforehand by roaming free in U.S. parks fared no better than tamarins that hadn't, which led researchers to conclude that the monkeys needed a longer training period before being put in the big leagues.




[image: A photo of what looks like a bridge construction over a highway with several builders working on it]A forested overpass, seen under construction in 2020, helps tamarins cross a highway near Brazil's Poco das Antas Biological Reserve.Maria Magdalena Arrellaga/The New York Times/Redux





All this effort ultimately paid off. A 2023 census in Brazil found 4,800 wild tamarins, with more than 2,500 descended from the reintroduced pioneers.




Beyond bringing more tamarins into the world, the project has shown the importance of considering animal behavior when trying to save a species.
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	'In Botanical Time' explores the ways Earth's oldest plants cheat death

	Plants that have lived for thousands of years spill their longevity secrets in a new book

			
				




[image: Book cover of "In Botanical Time" by Christopher Woods.]




In Botanical Time
Christopher Woods
Chelsea Green, $40.00




On a talus-strewn slope in eastern California's mountains, a gnarled tree twists toward the sky. It is Methuselah, a Great Basin bristlecone pine (Pinus longaeva) and one of the world's oldest trees. At over 4,800 years old, Methuselah germinated several hundred years before Imhotep began constructing ancient Egypt's first pyramid.




It's difficult to fathom such a long life span when humans live mere decades. But author and garden expert Christopher Woods' new book In Botanical Time helps readers do just that, telling the life stories of millennia-old plants and unpacking the science behind their longevity along the way.
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One secret to longevity is to slow down growth, Woods writes. That has helped many ancient plants survive in less-than-ideal environments. For example, growing about 2.5 centimeters per century enables Methuselah to focus its energy on surviving frigid temperatures, nutrient-poor soil and howling winds. Accumulating genetic changes that confer traits like disease resistance has also helped.  




Other ancient plants have a different approach to growth: cloning. Clonal plants create copies of themselves -- often through their roots -- allowing them to reach remarkable ages even after the original iteration dies.




Woods describes one Norway spruce (Picea abies) in Sweden that has cloned itself for 9,500 years, sprouting a new trunk from its roots every few centuries. Then there's Pando. This grove of quaking aspens (Populus tremuloides) in Utah may appear as 47,000 distinct trees, but a look underground reveals the aspens are a single organism with a root system that's about 14,000 years old. New saplings sprout from Pando's root system that are genetically identical to the others, meaning even as single trees die, the organism continues to live on.




However, these ancient trees are relative babies compared to a meadow of Neptune grass (Posidonia oceanica) off the coast of Spain. An analysis of the sea grass' DNA and growth rate revealed the patch to be between 80,000 and 200,000 years old. It grows similarly to Pando, through rhizomes that send up genetically identical shoots.  




Woods also regales readers with mythological tales. According to one Greek myth, dragon trees (Dracaena sp.) sprouted from the blood of the hundred-headed dragon slain by Hercules. Two species, D. cinnabari and D. draco, ooze blood-red sap -- something so rare and astounding that "it could only be ascribed to myth," Woods writes.




The oldest known dragon tree, growing in the Canary Islands, is estimated to be as old as 1,000. But it's difficult to nail down precise ages for these trees because the trunk interior is spongy and thus doesn't have growth rings. For many proposed ancient plants, a lack of growth rings stymies scientists from precisely measuring their age. And when it comes to trees with growth rings, a rotten core can muddle age analysis because the oldest growth rings are missing.




Though sometimes repetitive, Woods' cheeky prose and rich visuals make In Botanical Time an easy and engaging read for plant lovers and superlative seekers. At a time when longevity and wellness are trending topics, this book is a reminder that perhaps the best thing to do is live life a little slower.









Buy In Botanical Time from Bookshop.org. Science News is a Bookshop.org affiliate and will earn a commission on purchases made from links in this article. 
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	There's math behind this maddening golf mishap

	In a "lip out," a golf ball appears to enter the hole, but it escapes

			
				




Nothing sinks a golfer's spirits like their ball zinging back out of the hole.
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	A diet low in glutamate may ease migraines

	A small study of 25 veterans found the diet change eased symptoms for some people
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	Ancient DNA rewrites the tale of when and how cats left Africa

	Cats were domesticated in North Africa, but spread to Europe only about 2,000 years ago
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	Mosquitoes use it to suck blood. Researchers used it to 3-D print

	Using parts freely found in nature could help democratize 3-D printing, researchers say
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	Deep-sea mining might feed plankton a diet of junk food

	Sediment plumes could trick plankton into eating empty calories

			
				




Mining the seafloor for valuable metals could send dangerous ripples through ocean food webs.




Tiny floating plankton, the base of the food web, can accidentally ingest particles of sediment kicked up by deep-sea mining operations -- forgoing more nutritious food of similar size, researchers report November 6 in Nature Communications.
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	Math puzzle: The homesick rover

			
				




Far away, on a large, rocky exoplanet, a rover from Earth has just arrived on a mission of exploration. But the poor thing doesn't want to explore. The moment it begins moving, it grows homesick and wants nothing more than to return to the very spot where it began. Unfortunately, it has received very explicit instructions. The first day, it must travel one kilometer forward in a straight line, then turn 90 degrees.
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	The inner lives of animals

			
				




A baby's first toy is often a soft stuffed bear. Soon, children may meet Winnie the Pooh and Paddington. They learn that these bears are kindhearted and polite with a good moral compass, cravings for honey notwithstanding. Bears also play major roles in folklore across cultures. But science has been surprisingly slow to illuminate the emotions and personalities of real-life bears.
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